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RESUMO

A doenca de Chagas e a Leishmaniose cuténea sdo duas doencas de grande relevancia a saude
publica mundial. Acredita-se que as duas doencas juntas infectam aproximadamente 20 milhdes
de pessoas atualmente, em mais de 80 paises. Trypanosoma cruzi e Leishmania braziliensis sdo
0s agentes etioldgicos da doenca de Chagas e Leishmaniose cutanea, respectivamente, e fazem
parte da familia dos Tripanossomatideos. De acordo com a Organiza¢do Mundial de Salde, s&o
classificadas como Doencas Tropicais Negligenciada pela caréncia de tratamentos disponiveis,
sendo os disponiveis repletos de efeitos colaterais, pelos poucos financiamentos de pesquisas
para diagnostico e tratamento das mesmas. Atualmente, estas doengas contam com
medicamentos comercializados a mais de 40 anos, 0s quais j& ndo sdo tdo eficazes em vérias
situacOes, além de serem toxicos e alguns necessitarem de uma intervencdo hospitalar. A
pesquisa por novos tratamentos e terapias sdo incentivados pela Organizacdo Mundial de Saude.
A fotoquimioterapia antiparasitaria € uma técnica que baseia-se na administracdo de uma
substancia sensivel a luz (fotossensibilizador) e em seguida, a irradiacdo desta substancia por
uma fonte de luz (Laser ou LED), para que haja excitacdo da molécula fotossensibilizadora e
esta reaja com o parasito a ser eliminado através da formacéo de Espécies Reativas de Oxigénio
(EROs). Os derivados fenotiazinicos (azul de metileno e azul de toluidina) apresentaram-se
como 6timos candidatos a moléculas fotossensibilizantes. O objetivo deste trabalho foi avaliar
a capacidade tripanocida e leishmanicida da Fotoquimioterapia Antiparasitaria, utilizando os
derivados fenotiazinicos azul de metileno e azul de toluidina, como moléculas
fotossensibilizantes, identificando as suas maximas concentracBes atoxicas e a melhor
configuragdo do laser excitante destas moléculas. Para avaliar a citotoxicidade dos compostos
foram realizados trés experimentos distintos (incorporacdo de timidina tritiada, ensaio com o
cristal violeta e através do Alamarblue). Posteriormente foi realizado teste de atividade
tripanocida e leishmanicida destes composto. Testou-se a acdo isolada dos compostos (fase
escura) contra as diversas formas evolutivas do T. cruzi e do L. braziliensis bem como com os
compostos sendo excitados pelo laser (fase clara). Apds estes experimentos constatou-se uma
boa acdo da Fotoquimioterapia Antiparasitaria utilizando os derivados fenotiazinicos como
fotossensibilizadores. Os resultados de citotoxicidade pelos trés métodos testados, indicaram
que a maxima concentracdo atdxica dos compostos foi equivalente a 20 pg/ml ou 25 pM. O
laser em sua melhor configuragio (A= 660 nm, 40 mW, 4.2 J/cm?, CW) ocasionou modificacoes
morfo-estruturais nas formas epimastigotas de T. cruzi, porém ndo apresentou estimulacdo ou
inibicdo na proliferacdo parasitaria. Foi constado apenas uma espécie de resisténcia dos
macrofagos irradiados a infeccdo por amastigotas de T. cruzi. Para os T. cruzi o composto Azul
de Metileno apresentou os melhores resultados como fotossensibilizador associado ao laser,
com um ICsp (0,4607 uM) bem menor que o do farmaco padrdo de tratamentos que é o
benzonidazol (ICso = 3,8 pM) e contra o L. braziliensis o composto Azul de Toluidina
apresentou os melhores resultados (10 pg/ml) associado ao laser. Desta forma conclui-se que a
Fotoquimioterapia Antiparasitaria utilizando os derivados fenotiazinicos Azul de Metileno e
Azul de Toluidina como fotossensibilizadores foi eficaz nos ensaios in vitro e revela-se
promissora para ensaios clinicos contra a doenca de Chagas e a Leishmaniose cutanea.

Palavras-Chave: Azul de Metileno, Azul de Toluidina, Fenotiazinas, Laser, Leishmaniose,
Doenca de Chagas
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ABSTRACT

Chagas disease and cutaneous leishmaniasis are two diseases of great importance to public
health worldwide. It is believed that the two diseases together infect about 20 million people
currently in more than 80 countries. Trypanosoma cruzi and Leishmania braziliensis are the
etiological agents of Chagas disease and cutaneous leishmaniasis, respectively, and are part of
the family of trypanosomatids. According to the World Health Organization, are classified as
Neglected Tropical Diseases by the lack of treatments available, and the available full of side
effects, the few funding research for diagnosis and treatment of the same. Currently, these
diseases have marketed drugs for more than 40 years, which are not as effective in many
situations, besides being toxic and some requiring hospital intervention. The search for new
treatments and therapies are encouraged by the World Health Organization. Antiparasitic
Photochemotherapy is a technique that is based on the administration of a substance sensitive
to light (photosensitizer), and then irradiation of the substance by a light source (laser or LED),
so that there excitation photosensitizer and the molecule that react with the parasite to be
eliminated. Phenothiazine derivatives (methylene blue and toluidine blue) were as great
candidates photosensitizing molecules. The aim of this study was to evaluate the ability
trypanocidal and leishmanicidal of the Antiparasitic Photochemotherapy, using phenothiazine
derivatives as methylene blue and toluidine blue as photosensitizing molecules, identifying
their maximum non-toxic concentrations and the best configuration of the laser that exciting
these molecules. To evaluate the cytotoxicity of the compounds were performed three separate
experiments (tritiated thymidine incorporation, crystal violet assay and AlamarBlue). Later
tests were trypanocidal and leishmanicidal activity of these compounds. We tested whether the
isolated action of the compounds (dark phase) against the various evolutives forms of T. cruzi
and L. braziliensis as well as the compounds being excited by the laser (light phase). After these
experiments it was found a good action Antiparasitic Photochemotherapy using phenothiazine
derivatives as photosensitizers. The results of cytotoxicity by three methods indicated that the
highest non-toxic concentration of the compounds was equivalent to 20 mg / ml or 25 uM. The
laser in its best configuration (A = 660 nm, 40 mW, 4.2 J/cm?, CW) caused morpho-structural
changes in epimastigotes of T. cruzi, but no showed stimulation or inhibition of parasite
proliferation. It featured in only one species of resistance to infection by macrophage irradiated
amastigotes of T. cruzi. For the T. cruzi, the compound Methylene Blue showed the best results
as a photosensitizer associated with the laser, with an 1Cs (0.4607 uM) much smaller than the
standard drug treatments is benzonidazole (IC50 = 3.8 uM) and against the L. braziliensis
compound toluidine blue showed the best results (10 pg/ml) associated with the laser. Thus it
is concluded that the Antiparasitic Photochemotherapy using phenothiazine derivatives as
methylene blue and toluidine blue as photosensitizer was effective in in vitro and shows promise
for clinical trials against Chagas disease and cutaneous leishmaniasis.

Key Words: Methylene blue, toluidine blue, Phenothiazines, Laser, leishmaniasis, Chagas
disease
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1. INTRODUCAO

A familia Trypanosomatidae é composta por um grande grupo de protozoarios parasitas
flagelados que causam infec¢cbes em humanos e animais. As doencas infecciosas mais
importantes para 0 homem sdo causadas por espécies de Trypanosoma (doenca do sono e
doenca de Chagas) e Leishmania (leishmaniose). A maioria dos afetados por estas doencas
parasitarias sao as populacdes de baixa renda dos paises em desenvolvimento em areas tropicais
e subtropicais do mundo. Estas doencas s&o transmitidas ao humanos (ou para outros
hospedeiros mamiferos) por um inseto vetor, e afetam mais que 500 mil pessoas pelo mundo.
Devido ao fato destas doencas terem poucos tratamentos disponiveis e as pesquisas se limitarem
pelos financiamentos, estas tém sido consideradas como Doencas Tropicais Negligenciadas
(CAFFREY, 2008).

O tratamento clinico das doencas causadas por tripanossomatideos continua sendo
basicamente através de quimioterapicos. No entanto, as drogas convencionais estdo longe de
satisfazer a demandas atuais das populacbes endémicas, devido ao seu custo, problemas de
toxicidade e de resisténcia, resultando em uma urgente necessidade de identificar e desenvolver
novas alternativas terapéuticas (FIDALGO, 2011) De acordo com o DNDi (Iniciativa
Medicamentos para Doencas Negligenciadas) sdo necessarias melhores opcdes de tratamento
para todas as infec¢des tropicais.

Em sua esséncia, a Fotoquimioterapia Antiparasitaria significa destruicdo de células ou
tecidos-alvo induzida por uma reacdo fotoquimica onde uma luz em comprimento de onda
especifico excita uma substancia fotossensivel (fotossensibilizador). O fotossensibilizador
ativado e na presenca do oxigénio da célula, pode reagir com moléculas na sua vizinhanga por
transferéncia de elétrons ou hidrogénio, levando a producdo de radicais livres (reacdo tipo I) ou
por transferéncia de energia ao oxigénio molecular distribuido pelo sistema vascular (reacdo
tipo 1), levando a producdo de oxigénio singleto, altamente oxidante. Ambos os caminhos
podem levar a morte celular e a destruicdo de tecido doente (BARBOSA, 2012).

O objetivo deste trabalho foi avaliar a possibilidade e os melhores parametros da
Fotoquimioterapia Antiparasitaria - FQTAp contra parasitas da familia dos Tripanossomatideos
(Trypanosoma cruzi e Leishmania braziliensis). Para isto, buscou-se avaliar a citotoxicidade
dos derivados fenotiazinicos utilizados como fotossensibilizadores, avaliou-se a atividade
fotossensibilizante dos derivados fenotiazinicos contra os parasitos e analisou-se todos os dados

obtidos para se determinar o melhor ajuste de Dose, Poténcia e comprimento de onda do Laser
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em combinacdo com diferentes concentragdes dos fotossensibilizadores e seus respectivos
tempos de pré-incubacéo.

Um dos principais problemas com os medicamentos convencionais € seu Unico sitio e
modo de acdo. Apds determinada exposicdo, a maioria dos microrganismos sdo capazes de
desenvolver mecanismos resistentes para um Unico ponto de ataque. (CORREA et al, 2001,
PARVEEN, 2005; LIMA e BARREIRO, 2005) Ao contrario dos medicamentos convencionais,
os fotossensibilizadores agem via producdo de oxigénio singleto e ROS (do inglés espécies
reativas de oxigénio), os quais ndo apresentam uma especificidade com relacdo ao alvo
biomolecular, reagindo rapidamente com uma variedade de substratos incluindo o colesterol,
acilas insaturadas das camadas lipidicas das membranas, residuos de aminoacidos tais como
cisteina, histidina e triptofano das proteinas, bem como bases de &cidos nucléicos do DNA,
particularmente a guanina e timina. Desta forma, a fotodinamizacéo podera induzir danos nas
biomoléculas que conduzirdo a perda da funcionalidade bioldgica apropriada, levando a
inativacdo da célula. (CAMINOS, 2006)

As fenotiazinas tem demonstrado grande afinidade pelos Tripanossomatideos (T"UNG,
1938, FERREIRA, 2006; BUCHHOLZ, 2008) Possuem acao contra duas enzimas importantes,
a Trypanothiona redutase e a Superéxido Desmutase. Todos estes tripanossomatideos possuem
em comum uma Unica via de metabolismo de thiol no qual o sistema ubiquo glutationa /
glutationa redutase é substituido por trypanotiona e trypanotiona redutase (metabolismo
antioxidante). Uma outra enzima encontrada nos tripanossomatideos, a Superéxido Dismutase
(SOD) (TEMPERTON, 1998), tem seu mecanismo de acdo envolvidos com enzimas anti-
oxidantes as quais catalizam a dismutagdo do O2" a H202 e O protegendo a catalase e a
peroxidase contra a inibi¢do pelo Oz, que pode ser proveniente dos derivados fenotiazinicos
como demonstrado por Kim et al (2001).

Baseado nas informacGes existentes sobre a eficacia da FQTAp contra virus, fungos e
bactérias, agindo principalmente sobre suas membranas ou estruturas internas, associado a
afinidade e atuacao quimica que os derivados fenotiazinicos possuem pelos tripanossomatideos,
acreditamos que esta nova abordagem para uma Fotoquimioterapia Antiparasitaria, utilizando
derivados fenotiazinicos como fotossensibilizadores, também sera eficaz contra o Trypanosoma

cruzi e Leishmania braziliensis.
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1.2. OBJETIVOS
1.2.1. Geral

- Verificar a melhor condicdo de Fotoquimioterapia Antiparasitaria sobre parasitos de
Trypanosoma cruzi e Leishmania braziliensis

1.2.2. Especificos
- Avaliar citotoxicidade dos novos compostos candidatos a fotossensibilizantes;

- Avaliar a atividade fotossensibilizante dos novos compostos contra o parasito do

Trypanosoma cruzi e Leishmania braziliensis

- Analisar o melhor ajuste de Dose e poténcia do Laser, a serem empregados na
Fotoquimioterapia Antiparasitaria associados as melhores concentracbes dos

fotossensibilizadores;
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2. REVISAO BIBLIOGRAFICA
2.1.Tripanosomatideos:

Trypanosoma cruzi e Leishmania sp. sdo protozoarios parasitas unicelular e uniflagelados,
pertencentes ao filo Euglenozoa, classe Mastigophora, ordem Kinetoplastida e familia
Trypanosomatidae, que é uma das linhagens mais antigas da evolu¢do dos Eucariotas,
responsaveis pela Doenca de Chagas e a Leishmaniose, respectivamente. Estas doencas sdo
transmitidas ao humanos (ou para outros hospedeiros mamiferos) por um inseto vetor, e afetam
mais que 500 mil pessoas pelo mundo. Durante a infeccdo, estes parasitas migram através da
circulacdo do hospedeiro, onde eles tem que evitar a resposta imune inata do hospedeiro, e
infectar as células (SIQUEIRA-BATISTA, 2007, CESTARI, 2013).

Assim, as caracteristicas tipicas dos tripanosomatideos extracelulares sdo: (a): corpo em
geral alongado contendo um unico flagelo, que emerge na extremidade anterior da célula (o
protozoario nada com o flagelo a frente, isto é, o batimento flagelar puxa o corpo); (b) o
cinetoplasto, um local da mitocéndria (um tdbulo alongado e Unico) onde DNA mitocondrial
(préximo ao flagelo) estd acumulado. Um conjunto de microtibulos subpeliculares
regularmente espacados esta presente abaixo da membrana plasmatica (ICC/FIOCRUZ, 2013).

O ciclo de vida das espécies patogénicas aos humanos envolve a adaptacdo do parasita a
viver dentro do inseto vetor ou o hospedeiro mamifero. Para lidar com diferentes ambientes do
hospedeiro, esses organismos tém desenvolvido mecanismos adaptativo baseados em recursos
bioquimicos e ultra estruturais excepcionais (MANTA, 2013).

O primeiro tripanosoma foi descoberto, evidentemente, sem qualquer relacdo a essas
doencas devastadoras, como um aparentemente e inofensivo parasita no sangue dos simios em
meados do século 19. Em geral, porém, as pesquisas relacionadas foram impulsionadas por
pressdo econdmica, seja por problemas na pecudria devido a doencas no gado na faixa
endémica, pela mosca tsé-tsé, ou as perdas no comeércio de escravos, devido a doencga do sono
Africana, ou a preocupacéo dos governos coloniais com a saude de seus soldados e oficiais na
Africa. Ndo surpreendentemente, o primeiro tripanosoma patogénico a ser identificado foi
aquele que afeta o gado, tais como T. evansi causando surra em cavalos e T. brucei brucei
causando nagana ao gado. Os mais importantes parasitos que infectam humanos foram aqueles
identificados na primeira década do Seculo 20: T. brucei gambiensi em 1902 por Joseph Everett
Dutton, L. donovani por William Leishman e Charles Donovan em 1903, L. braziliensis por
Gaspar Viana em 1906, T. cruzi, por Carlos Chagas em 1909 e o T. brucei rhodensiense em

1910 por John William Watson Stephens e Harold Benjamin Fantham (FLOHE, 2012).
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2.2. Leishmaniose

Leishmaniose é uma infeccdo ocasionada por protozodarios parasitas transmitidos para
os mamiferos, incluindo os seres humanos, pela picada de um minusculo inseto vetor, apenas
2-3 mm de comprimento, o flebotomineo, e clinicamente classificadas em trés formas: visceral,
cutanea e mucocutanea (DE MUYLDER, 2011; TAVARES, 2011). A Leishmaniose ameaga
cerca de 350 milhdes de pessoas em 88 paises pelo 0 mundo e estima-se que cerca de 12 milhdes
de pessoas atualmente estejam infectadas, com cerca de 1-2 milhdes de novos casos estimados
que ocorrem a cada ano (MONTE-NETO, 2011).

Os parasitas residem intracelularmente causando a doenca. Os hospedeiros primarios
sdo vertebrados, entre eles 0s humanos, cées e ratos. Depois da Malaria e da Doenca do Sono,
a Leishmaniose € a terceira mais importante doenca transmitida por insetos e em nono lugar no
ranking global de todas as doencas infecciosas e parasitarias. Aproximadamente 90% da
Leishmaniose cutanea ocorre no Afeganistdo, Paquistdo, Siria, Ardbia Saudita, Argélia, Ira,
Brasil e Peri (STOCKDALE, 2013).

Os protozoarios do género Leishmania sdo os agentes etiologicos da doencga tegumentar
ou visceral em humanos. As diferencas entre as espécies de Leishmania resultam na diversidade
de manifestacdes clinicas na leishmaniose. Leishmania braziliensis é o agente etioldgico da
Leishmaniose Cutanea Americana, a qual a caracterizada por sua cronicidade e a possibilidade
de uma metastase levando a forma clinica denominada mucocutanea. (TAVARES, 2011).

No momento em que um a fémea de um flebotomineo infectado realiza o repasto
sanguineo, injeta parasitos em seu estagio infectivo (promastigota) (Figura 1b) no hospedeiro
vertebrado, através da probdscide do inseto. Os promastigotas que chegam até o local da picada
sdo fagocitados pelos macrofagos e outros tipos de células mononucleares fagocitarias. No
interior destas células, os promastigotas transformam-se na forma intracelular deste parasita,
amastigota (Figura la). Estes amastigotas continuam a se multiplicar por divisdo simples e
procedem a infeccdo de outras células mononucleares fagocitérias. Alguns fatores que

interagem entre 0s parasitas e o hospedeiro afetam e/ou determinam o curso da infeccao,
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Fig. 1: A — Amastigotas Leishmania sp; B — Promastigotas de Leishmania sp. Obtidos:

http://dpd.cdc.gov/dpdx/HT ML/ImageLibrary/Leishmaniasis_il.htm
resultando nas formas de Leishmaniose visceral ou cutanea. Posteriormente, um novo inseto,
ao picar este hospedeiro infectado, ingerira sangue com macréfagos infectados com
amastigotas, e no intestino do inseto, estes amastigotas transformam-se em promastigotas e em
seguida migram para a proboscide do inseto conforme figura (Figura 2) (CDC, 2013).

As apresentacdes clinicas da Leishmaniose cutanea variam desde ulceracdes na pele a

varios graus de envolvimento das mucosas (cutanea difusa ou muco cutanea). A mortalidade
associada a Leishmaniose cutanea ndo é significativa, no entanto, a morbidade, sob a forma de

deformacéo, com a subsequente estigma social, que surge a pessoas tém a crenca de que partir
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Fig. 2 - Ciclo de vida Leishmania sp. Obtido em
http://www.cdc.gov/parasites/leishmaniasis/biology.html
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de lesbes cutaneas e as cicatrizes resultantes sdo muito importante. Em areas endémicas, muitas
a doenca pode ser transferido através do contato fisico, resultando em restri¢do de participacdo
social. Indiscutivelmente, os efeitos econdmicos e na salde ocasionados pela doenga causam
um impacto na qualidade de vida e na satide mental dos pacientes resultante de estigma social
(STOCKDALE, 2013).

2.3. Leishmaniose - Tratamento:

Devido a falta de uma vacina segura e eficaz, a quimioterapia tem sido uma alternativa
preferida no controle desta doenca, e em particular os antimoniais pentavalentes que tém sido
utilizados no tratamento das lesdes cutaneas. No entanto, os efeitos adversos foram notificados
desde os primeiros testes em populacdes afetadas, incluindo outros vertebrados, tais como
caninos, sendo esta toxicidade principalmente relacionada com danos no figado e pancreas.
Tendo em conta estes efeitos adversos, a seguranca das formulagbes de antimoniais
pentavalentes esta sendo objeto de intenso debate, sugerindo que estes formulacfes também sao
potencialmente imunotoxicas. Outro aspecto importante relacionado com esta doenca sdo seus
altos encargos econémicos impostos pelo seu tratamento no Sistema de Salde (DELGADO,
2011).

Varios medicamentos disponibilizados para o tratamento da leishmaniose ja possuem
mais de 50 anos. O desenvolvimento de novos procedimentos terapéuticos tem sido um dos
setores mais interessantes da medicina humana e veterinaria. O principal alvo de novas drogas
é 0 combate contra o parasita em seus diferentes aspectos: fisiol6gicos e bioquimicos, e para
promover a resposta imune do hospedeiro. Até agora, ndo tem-se visto medicamentos que
parecam ser eficaz, de baixo custo financeiro, facil de manipular, e sem quaisquer efeitos
secundarios, ao mesmo tempo (MASMOUDI, 2013).

Alguns tratamentos sistémicos tem sido utilizados para o tratamento da leishmaniose
cutanea. Derivados de Antimoniais Pentavalentes como o Glucantime (antimoniato de
meglumine) (Figura 3A) tem sido utilizado atualmente e preferencialmente ao francofone e o
stibogluconato, como medicamentos de primeira opcdo para o tratamento da leishmaniose
cutdnea (MASMOUDI, 2013).

A anfotericina B (Figura 3B) é o segundo farmaco de escolha, quando ndo ha nenhuma
resposta ao tratamento com antimoniais ou quando nao € possivel utiliza-lo. O Isotionato de

Pentamidina (Figura 3C), o terceiro farmaco de escolha, é utilizado ja ha alguns anos contra a
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leishmaniose visceral e tem sido usado atualmente em diferentes protocolos para o tratamento
de leishmaniose cutanea (BARBOSA, 2012).
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Fig. 3- Estrutura quimica dos compostos utilizados para o tratamento da Leishmaniose: A- Glucantime; B-
Anfotericina B; C- Isotionato de Pentamidina.

Vaérios efeitos colaterais tem sido atribuidos a estes compostos e podem ser observados na
literatura (BARBOSA, 2012; MASMOUDI, 2013).

Outros tipos de tratamentos também veem sendo empregados no tratamento da
leishmaniose cutanea como: injegdes intralesional com derivados antimoniais pentavalentes, a
crioterapia (baseado na sensibilidade doas parasitos a baixas temperaturas ocasionada pela
aplicacdo do Nitrogénio liquido através de um criospray), antibioticos (Paromomicina),
Termoterapia (realizando um aquecimento controlado que é doloroso e requer anestesia), além

de técnicas promissoras in vivo como a eletroterapia e a fitoterapia (MASMOUDI, 2013)

2.4.Doencas de Chagas

A doenca de Chagas (Tripanossomiase Americana), descoberta por Carlos Chagas
(Figura 4) em 1909 através de um grande feito na medicina onde identificou a doenca, o agente
vetor e 0 parasito, é causado por um protozoario intracelular obrigatorio chamado Trypanosoma
cruzi (Bilate, 2008). E endémica entre as Américas do Sul e Central, onde estima-se que cerca
de 8 a 11 milhdes de pessoas estdo infectadas com o parasito e a cada ano que de 10 a 14 mil
pessoas morram por conta da doenca. E reconhecida pela Organizacio Mundial de Saude
(OMS) como uma das 13 doengas tropicais mais negligenciadas no mundo (COURA, 2010;
RASSI, 2012; NAKAJIMA-SHIMADA, 2013).
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Fig. 4: Carlos Chagas no dia de sua posse como professor catedratico de Medicina Tropical da Faculdade de Medicina
do Rio de Janeiro. Rio de Janeiro, 23 maio 1925. Departamento de Arquivo e Documentacéo da Casa de Oswaldo
Cruz /Fiocruz. Obtido em: http://www.fiocruz.br/chagas/cgi/cgilua.exe/sys/start.htm?sid=33

A doenca de Chagas afeta principalmente as populagdes pobres, rurais e apresenta duas
fases clinicas: a fase aguda, que aparece logo apo6s a infeccdo, e a fase crbnica, a qual
desenvolve-se em cerca de um terco das pessoas infectadas apds um periodo assintomatico (fase
indeterminada) que pode durar anos ou décadas (BILATE, 2008; CLAYTON, 2010; DE
CASTRO 2011).

O T. cruzi, pode ser transmitido para humanos através dos seguintes mecanismos
divididos em dois grupos: (i) de insetos triatomineos sugadores de sangue, por via oral ou
contato com o sangue contaminado, e (ii) por acidentes de laborat6rios, manejo de animais
infectados, transplantes de 6rgdos, transmissdo sexual, ferimentos, contato com esperma ou
fluido menstrual contaminado e, hipoteticamente, inoculagdo criminal proposital ou
contaminacdo de comida com o parasita (CHAGAS, 1909; MONCAYO, 2009; DIAS, 1997,
COURA, 2007, DE CASTRO, 2011). Recentemente, a doenca de Chagas vem gerando uma
nova preocupacao devido a globalizacdo mundial, onde a imigracdo de individuos infectados
para regides ndo-endémica, tem espalhado a doenca (DE CASTRO, 2011).

O ciclo de vida (Figura 5) deste parasita envolve um inseto vetor triatomineo
hemato6fago, e diversos hospedeiros animais (mamiferos). Inicialmente, os tripomastigotas
sanguineos (Figura 6a) sdo ingeridos pelos insetos no momento que picam e sugam 0 sangue
de um animal infectado. Em seguida, estes tripomastigotas sao convertidos em epimastigotas

(Figura 6b) no intestino deste inseto, e em sua porc¢éo posterior, se proliferam e diferenciam em
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formas tripomastigotas metaciclicos (Figura 6¢), por um processo denominado metaciclogénese
(BONALDO, 1991; DE CASTRO, 2011). Estas formas evolutivas, misturam-se em meio as
fezes e urina do inseto a serem excretadas pelo inseto. Ao realizar o hematofagismo, o inseto
infectado alimenta-se do sangue do hospedeiro invertebrado o que o forca a eliminar sua massa
de excreta depositada em seu sistema digestivo, sendo geralmente depositada na superficie da
pele. Nestas fezes encontra-se a forma infectante tripomastigota metaciclico. Devido a
movimentacdo dos parasitos e a presenca de enzimas histoliticas, o individuo picado causa
escoriacdes ou feridas na pele facilitando a entrada dos protozoarios para a circulacdo e para
outras regides do corpo como a mucosa ocular, formando o conhecido Sinal de Romafa. Os
tripomastigotas metaciclicos sdo extremamente infectantes, podendo invadir os primeiros tipos
celulares que encontram — fibroblastos, macrofagos ou células epiteliais, que geralmente os
fagocitam. No interior destes elementos do Sistema Mononuclear fagocitario (SMF), ocorre a
proliferacdo e liberacdo de formas tripomastigotas e estas formas por sua vez podem atingir a
corrente circulatéria e atingir todos os tecidos do hospedeiro, onde sofreram por grandes
transformacdes estruturais tornando-se amastigotas (Figura 6d) multiplicativos. Tais formas
sofrerdo uma série de divisdes binarias sucessivas no interior das células infectadas.
Aproximadamente 12 horas antes da ruptura da célula, as formas amastigotas transformam-se
em tripomastigotas sanguineas, os quais apés a lise das células, poderdo invadir novas células,
viabilizando a permanéncia no hospedeiro. (SIQUEIRA-BATISTA, 2007; FIOCRUZ-DE
SOUZA, 2009).

As manifestacGes clinicas apresentadas na fase aguda podem variar entre febre,
taquicardia néo relacionada com o grau de hipertermia, linfadenopatia, esplenomegalia leve e
edemas. As células brancas apresentam-se em linfocitose e o envolvimento do coracdo é
semelhante aqueles que ocorrem com outros tipos de miocardites. J na fase cronica, 2 a 4
meses apOs as manifestaces agudas desaparecerem e 0S parasitas serem raramente
identificados no sangue periférico, a doenca entra em sua fase crénica. Em geral, inicia-se com
um longo periodo de laténcia, denominado forma indeterminada o qual podera durar varios
anos. Apos este periodo varios pacientem relatam o comprometimento de alguns 6érgaos como
0 coracgao, esofago, colon e o sistema nervoso, caracterizando a segunda forma clinica (PRATA,
2001).

26



DESCOBERTA DE UMA NOVA ABORDAGEM PARA FOTOQUIMIOTERAPIA ...

Doenga de Chagas: Ciclo de Vida do
Trypanossoma cruzi

transforraar era amastigotas.

BARBOSA, AF.S.

No insecto 0 O insecto pica e defeca a0 mesto terapo. O @9 Os triporaastigotas irvadera células onde se

Barbelro triporaastigota passa & ferida nas fezes.
[ : \ No Ser Humano
Tranformam-se em tripomastigotas A (:‘\
A e
Os amastigotas
iplicarn- Os tripanossomas entdo  rultiplicare-se dentro das
glmphcm * irevadern novas células exq Células assexualrente.
Tripanomastigotas regides diferentes do
sanguineos corpo gue invadern e onde
sio absorvidos por se m‘-lmp]icm coro
emvo insecto era arnastigotas.
Transformam se em nova picada

epimastigotas no

intestino do insecto g\

\ 3 > @
o Os amastigotas transformarn-se em

A=Esla’g;io infeccioso -

A:Esta’gjo diagnéstico triporastigotas e destroera a célula

saindo para o sangue

Fig. 5: Ciclo de vida do Trypanosoma cruzi. Obtido em:

http://www.google.com.br/imgres?rlz=1CINNVC_enBR492BR497&biw=1600&bih=799&tbm=isch&tbnid
=FvYxNJAH2KkRsgM:&imgrefurl=http://pt.wikipedia.org/wiki/Doen%25C3%25A7a_de_Chagas&docid=3e
Y4sPHnNMFQISM&imgurl=http://upload.wikimedia.org/wikipedia/commons/a/a9/Chagas_ciclo_de_doen%?2
525C3%2525A7a.JPG&wW=700&h=533&ei=paKkUcjCMZD08QSsmICIAQ&zoom=1&ved=1t:3588,r:0,s:0,
i:92&iact=rc&dur=802&page=1&thnh=176&tbnw=231&start=0&ndsp=20&tx=147&ty=100

A prevencdo e o controle da Doenca de Chagas podem ser feitos através de varias

estratégias: tratamento das residéncias com inseticidas, triagem sanguinea nas transfusdes,

tratamento com medicamentos em determinados casos, melhoria da estrutura das casas

(substituindo paredes e telhados), entre outros (COURA, 2007).
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Fig. 6: Formas evolutivas do T. cruzi. A — tripomastigotas sanguineas; B — Epimatigotas; C — tripomastigotas
metaciclicas; D- Amastigota intracelular. Obtidos em:
http://www.fiocruz.br/chagas/cgi/cgilua.exe/sys/start.ntm?sid=69

2.5. Doenca de Chagas — Tratamento:

Poucos investimentos tem sidos alocados para o desenvolvimento de novos agentes anti-
T. cruzi. Passados mais de 100 anos apds o seu descobrimento por Carlos Chagas, a Doenca de
Chagas, atualmente, s6 possui dois farmacos com eficacia comprovada para 0 seu tratamento,
0 Benzonidazol e o Nifurtimox. Desenvolvidos em meados dos anos 60, sdo utilizados
principalmente para tratar a fase aguda e a etapa inicial da fase cronica da doenga.
Frequentemente ambas substancias apresentam efeitos adversos (possuem similaridade quimica
e vias metabolicas comuns possibilitando que haja reacdes cruzadas entre eles). Apresentam
uma relacdo desfavoravel entre suas doses seguras e eficacia de cura na fase cronica tardia. Esta
real eficacia do tratamento é desconhecida em virtude da paralisacdo do tratamento a longo
prazo. Desta forma, prefere-se o benzonidazol ao nifurtimox pois este primeiro é mais toleravel,
possui uma melhor penetracdo tecidual e uma melhor eficacia (BERN, 2007; COURA, 2011;
PEREZ-MOLINA, 2012; PEREZ-MOLINA, 2013)

Benzonidazol (Figura 7), um derivado nitroimidazol com atividade contra as formas
tripomastigota e epimastigota, € localmente produzido pelo Laboratério Farmacéutico do
Estado de Pernambuco (LAFEPE), antes foi produzido pela Roche com o0 nome Radanil® ou
Rochagan®. Ele foi introduzido no mercado, em 1971, e tem sido largamente utilizado como
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um agente efetivo para terapia antiparasitaria nos casos agudos ou subagudos da doenca de
Chagas, incluindo transfusfes e doencas adquiridas em laboratério e reativacao da infecgdo em
transplantados e outros pacientes imunossuprimidos (MARIN-NETO, 2009). Nifurtimox
(Figura 8), um derivado nitrofurano, de nome comercial Lampit® (Bayer 2503, Leverkusen,
Alemanha) tem sido extensivamente utilizado por mais de trés décadas, mas atualmente néo é
mais recomendado em varios paises, incluindo o Brasil (URBINA, 2003; MARIN-NETO,
2009).
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Fig. 7: Benzonidazol: (N-benzyl-2-nitroimidazol acetamida (COURA, 2002)

Benzonidazol e o Nifurtimox sdo pré-farmacos e precisam submeter-se a uma ativacao
mediada por enzimas dentro do patdgeno para gerar efeitos citotdxicos; reacbes que séo
catalisadas pela nitrorredutase tipo 1. Estes compostos induzem a formac&o de espécies reativas
de oxigénio (ERO) que em humanos sdo eliminados pela Superdxido Dismutase | (SOD 1). Os
parasitos que tiveram o gene de SOD 1 danificados ficam mais sensiveis a estes compostos
(NAKAJIMA-SHIMADA, 2013).
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Fig. 8: Nifurtimox: 3-metil-4-(5"-nitrofurfurilidenoamino)tetrahidro-4H-1, 4-tiazina-1,1-diéxido (COURA, 2002)

Diversos efeitos colaterais sdo descritos na literatura pelo uso destas medicagdes.
Efeitos colaterais cutaneos, gastrointestinais e neurologicos sdo mais comumente observados
na terapia com o benzonidazol. J& com o nifurtimox, as manifestagdes gastrointestinais, perda
de peso, fadiga, dor de cabeca, mudanca de humor, artralgia, mialgia, erupcGes na pele e

neuropatia periférica (PEREZ-MOLINA, 2013). Por estas restricdes, destaca-se a necessidade
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de desenvolvimento de novos compostos, sintéticos ou naturais, ou novas terapias mais efetivas
para o tratamento da doenca de chagas (ADADE, 2013)

Desde a introducdo da Benzonidazol e Nifurtimox, apenas o alopurinol e algumas azois,
tais como o itraconazol, fluconazol e cetoconazol, passaram para ensaios clinicos. Na verdade,
esforcos para o desenvolvimento de drogas para a doenca de Chagas séo quase exclusivamente
em pesquisa pré-clinica, embora estudos de fase Il para o farmaco antifungico posaconazol e

de um pré-farmaco de ravuconazol estdo sendo planejadas (DE CASTRO, 2011).

2.6. Fotoquimioterapia Antiparasitaria - FQTAp

A Fotoquimioterapia Antiparasitaria tem sido considerada uma terapia
relativamente nova uma vez que comegou a ser empregada com uma sistematica cientifica
recentemente (SIMPLICIO, 2002). Baseia-se numa derivacdo da Terapia Fotodindmica
antitumoral, que é uma forma de tratamento cuja eficacia depende da producéo e liberacéo de
altas quantidades de Espécies Reativas de Oxigénio (ERO), ap6s a administracdo topica ou
sistémica de uma substancia fotossensibilizadora, em concentraces ndo toxicass e sensivel a
luz, seguida pela irradiagdo com uma luz visivel em um comprimento de onda apropriado ao
fotossensibilizador, e na presenca de oxigénio (GAD, 2004; COUPIENE, 2011). Porém ha
mais de 3400 anos, os indianos deram inicio a esta terapia, visando o tratamento do vitiligo, ao
empregar um fotossensibilizador exdgeno obtido de plantas (Psoralenos), usado sob a forma
de uma locdo aplicada sobre a pele e que era capaz de absorver a luz solar (PINHEIRO, 2010).

No inicio do século XX, Raab e VVon Tappeiner, constataram acidentalmente que
um meio de cultura contendo Acridina diluida, quando exposto a uma luz intensa, apresentava,
como consequéncia, a morte dos microrganismos cultivados. Estes pesquisadores, em
experimentos subseqiientes, observaram que quando da associacdo do corante e da exposicao a
luz sobre os meios contendo os microrganismos, apresentava como resultado maior toxicidade,
em relagdo aquela observada com o uso isolado de luz ou Acridina. Postulou-se, portanto, que
algum produto da fluorescéncia e ndo a luz por si s, seria responsavel pela elevada toxicidade
observada (PINHEIRO, 2010).

Em 1913, Mayer-Betz fez uma auto injecdo de 200mg do que ele pensava ser
hematoporfirina pura e ndo sentiu nenhum efeito, porém ao se expor a luz apresentou
fotossensibilidade na pele por varios meses. Em 1924, ocorreu o primeiro relato de
fluorescéncia espontdnea de tumores induzidos experimentalmente com o auxilio de uma

lampada de Wood. Neste mesmo ano, Policard, postulou ser este fenbmeno ocasionado pela
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Porfirina (PINHEIRO, 2010).

Com o atual fenébmeno da resisténcia aos antibiéticos em diversas doencas infecciosas
pelo mundo, o interesse por novas alternativas de tratamento vem se multiplicando. A QTFAp
volta ao cenario de pesquisas como uma nova alternativa de tratamento a estes patdgenos
resistentes a farmacos, pois ndo existe relatos na literatura de microrganismos resistentes a
técnica, mesmo aqueles submetidos a varios ciclos de tratamento (KHARKWAL, 2012).

Na presenca de oxigénio encontrado nas células, os fotossensibilizadores excitados
podem reagir com moléculas de sua vizinhanca através da transferéncia de elétrons ou
hidrogénio, levando a producdo de radicais livres (reacdo Tipo I) ou pela transferéncia de
energia para o oxigénio, levando a producéo de oxigénio singleto (reacdo Tipo Il). Ambas as
vias levam a morte das células ou tecido alvo (DEMIDOVA, 2005; LAMBRECHTS, 2005;
BARBOSA, 2011). As espécies reativas de oxigénio (EROs) atacam multiplas moléculas
responsaveis pelas mais variadas propriedades, FQTAp ndo deve causar resisténcia as drogas
utilizadas e merece atengdo especial como uma nova estratégia para contornar este problema
tdo comum encontrado no tratamento convencional de certas doencas (Figura 9) (DUTTA,
2011).

A FQTAp ¢é potencialmente segura, aplicavel e oferecem opcGes de tratamento para
pacientes que sofrem de muitos problemas (gestantes, imunocomprometidos, idosos, criangas)
se tornando uma outra opgdo de tratamento as quimioterapias tradicionais. Também néo induz
resisténcia aos microrganismos e nao necessita de inimeras sessdes de tratamento (BARBOSA,
2012). Segundo a Sociedade Americana de Cancer, varios fatores sdo favoraveis ao tratamento
a Fotoguimioterapia, quando realizada corretamente, ndo apresenta efeitos colaterais a longo
prazo; é menos invasiva que uma cirurgia; normalmente ¢ um procedimento muito rapido e
pode ser realizado em ambulatorios; caso seja necessario, 0 procedimento pode ser repetido
diversas vezes, ao contrario da radiacdo; pouca ou nenhuma cicatrizacdo local. Sua
desvantagem consiste basicamente no alcance da luz, ou seja, a técnica s6 funciona onde a luz
possa chegar (em decorréncia da absor¢édo tecidual) e/ou a sensibilidade do organismo aos
fotossensibilizadores.

A utilizacdo da QTFAp para o tratamento de algumas infecgOes ainda apresenta certas
limitacOes que precisam ser superadas para aplicacdes terapéuticas futuras significantes para o
tratamento de doencas infecciosas, e a questdo-chave consiste na melhor forma de entrega da

luz e do fotossensibilizador as células alvo. Além disso, é preciso determinar dosimetria
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precisas, usando dispositivos de iluminacdo adequada com parametros bem definidos
(KHARKWAL,2012).
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Fig. 9 — Diagrama de Jablonski, demonstrando como um fotossensibilizador (FS), quando excita por uma Energia
(E), sai do seu estado fundamento para um estado mais excitado chamado singleto. Em seu estado singleto a
molécula podera voltar ao seu estado fundamental (Fluorescéncia) ou passar para uma estagio intermediario
denominado tripleto e deste retornar ao seu estado fundamental (Fosforecéncia). Em seu estado tripleto, o
fotossensibilizador poderéa reagir com as moléculas de O, presentes na vizinhanca e desencadear as reagdes do tipo
I e 11, gerando produtos toxicos e aumentando a citotoxidade no interior das células tratadas.

2.7. Fontes de Luz

Em termos de dptica, pode-se dizer que a primeira revolucdo marcante veio com o
advento da luz elétrica. A capacidade do homem em produzir de forma controlada radiacao
luminosa, mudou seu préprio uso e permitiu que ela se tornasse um excelente elemento para
diversas aplicagdes. Com o advento da luz elétrica, os aparelhos 6pticos ganharam um grande
impulso. Depois veio 0 LASER (abreviacdo para Light Amplified by Stimuleted Emission of
Radiation) e com ele uma nova revolucdo. Poucos feitos cientificos modernos tiveram a
abrangéncia conquistada pelo laser. O laser tem encontrado, desde a sua descoberta, uma vasta
aplicabilidade cobrindo desde as pesquisas cientificas mais fundamentais até aplicativos na area
médica. Num futuro ndo muito distante é possivel que se tenha lasers implantados dentro de
nosso corpo para realizarem diagnosticos de distarbios ou doencas e que também poderdo
promover o tratamento adequado. (BAGNATO, 2008)

O laser, cuja teoria ¢ creditada ao fisico Albert Einstein, que em seu artigo “Zur
Quantum Theories der Strahlung”, publicado em 1916, utilizou 0 nome de emissao estimulada
pela primeira vez, sendo um termo bastante peculiar para a época. O trabalho de Einstein

discutiu a interacéo de atomos, ions e moléculas com a radiacéo eletromagnetica em termos da
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absorcdo e emissdo espontanea de radiacdo. Com a aplicagdo de principios termodinamicos,
Einstein concluiu que o terceiro processo de interacdo, a emisséo estimulada, deveria existir, e
nela a radiacdo eletromagnética deveria ser produzida por um processo atdmico. (VECOSO,
1993; PINHEIRO, 2010).

A luz é uma energia radiante produzida por todos os estados fisicos da matéria (sélido,
liguido e gasoso). Esta energia contida em todas as estruturas atbmicas forma um espectro
eletromagnético que por sua vez é metodicamente organizado, sendo denominado de
comprimento de onda. Dessa forma, a energia radiante possui um espectro de comprimento de
onda, visivel ao olho humano, entre A385 nm e A760 nm. Abaixo de A385 nm, a luz é
denominada de ultravioleta e acima de A760 nm de infravermelha, ambas ndo visiveis pelo
homem (ATKINSON, 1997; PINHEIRO, 2010).

As caracteristicas especiais da luz laser, tais como: coeréncia, monocromaticidade,
unidirecionalidade, a diferencia totalmente da luz natural. A luz coerente: todas as ondas séo
do mesmo comprimento, isto €, a uniformidade da luz; monocromatica, a luz laser é pura e
composta de uma Unica cor, e o efeito colimado apresenta todas as ondas sempre paralelas entre
si, ndo havendo dispersao, ou seja, ndo aumentam seu diametro (PINHEIRO, 1992; PINHEIRO,
2010;).

Essa laserterapia foi utilizada primeiramente por Mester e colaboradores, que usaram o
laser de argbnio de A488nm e A515 nm. Subsequentemente foi introduzido o laser de hélio-
nednio (HeNe) que emite luz vermelha com comprimento de onda de A632,8 nm. Atualmente
estes aparelhos foram substituido por outros de precos mais reduzido e mais potente; o laser de
diodo, com comprimentos de onda entre A660-950 nm. Os tratamentos experimentais em
pacientes iniciaram-se na década de 1970 apds relatos de resultados positivos da irradiacdo com
a Fotobiomodulacdo a Laser (FBML) em culturas de células e em experimentos animais.
Estudos realizados foram insuficientes para confirmar os efeitos benéficos da FBML. Efeitos
positivos surgiram, mas falharam devido ao grande nimero de intervencgdes e a insatisfatoria
qualidade da metodologia (ROCHA-JUNIOR, 2006; PINHEIRO, 2010).

2.8.Fotossensibilizadores

Um fotossensibilizador € uma molécula que age como um pré-farmaco, que pode ser
natural ou sintética, inerte (ndo-toxica), e que na presenca da luz, em um comprimento de onda

especifico, pode absorver essa energia luminosa e ser fotoativada. Este precursor chamado de
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fotossensibilizador, sofre excitacdo enquanto esté sendo irradiado, passando a ser uma molécula
farmacologicamente ativa. Ap0s sua ativacdo pela luz, os fotossensibilizadores desencadeiam
reacOes quimicas que produzem diretamente ou indiretamente espécies citotoxicas, como
radicais livres e oxigénio singleto (figura 9) (NAGY, 2010).

A maioria dos fotossensibilizadores que estdo sendo avaliados e testados em terapia
fotodindmica seja contra o cancer ou outros microrganismos sdo baseados em diversos
compostos entre eles destacam-se: porfirinas, hematoporfirinas, protoporfirina, clorinas,
ftalocianinas, acridinas, fenotiazinas entre outros. (PERUSSI, 2007)

Os fenotiazinicos sdo moléculas com potencial fotossensibilizante e com grande
propensédo a formacdo de espécies reativas de oxigénio (EROs). Sao considerados hidrofilicos,
triciclicos contendo Nitrogénio e Enxofre, e, conhecidas a mais de 100 anos. Até agora mais de
5 mil derivados fenotiazinicos ja foram obtidos e esta classe vem se destacando por sua
variedade de propriedades quimicas e bioldgicas. As fenotiazinas possuem um custo
relativamente baixo, sdo facilmente encontradas, bem toleradas. Exibem atividade promissoras
contra bacteérias, fungos, cancer, virus, inflamacéo, protozoarios além de suas propriedades
anticonvulsivante, analgésica e imunossupressora (WAINWRIGHT, 1998; BARBOSA, 2012)

O Azul de Metileno (MB) e Azul de Toluidina (TBO) (tabela 1) sdo fotossensibilizantes
fenotiazinicos aceitos nas pratica médica e demonstrados em estudos na literatura. Possuem
capacidade fotoantimicrobiana contra diferentes organismos incluindo virus, bactérias e fungos.
Apresentam estrutura quimica e propriedades fisico-quimicas semelhantes. Embora suas
propriedades sejam semelhantes, a eficiéncia fotodindmica destes compostos, varia entre 0s
diversos microrganismos (DEMIDOVA, 2005).

A banda de absorcdo do MB varia entre 620 nm e 700 nm, com 6tima penetragdo nos
tecidos e absor¢cdo maxima em 665 nm em solucdo aquosa (FERNANDEZ, 1997). Para o TBO,
a banda maxima de absorc¢éo é de 636 nm (GARCEZ, 2003). O uso desses fotossensibilizantes
pode ser topico ou sistémico e ndo apresenta toxicidade. Teichert et al. (2002) relataram que o
MB possui baixa toxicidade, com grande aceitacdo no campo medico devido a sua potencial

acao antimicrobiana fotoativa.

Durante o periodo inicial de pesquisas na Terapia Fotodindmica moderna, tem sido um
padréo de fotossensibilizador bioativo, dando um rendimento razoavel de oxigénio singleto
(forma do oxigénio mais reativo e oxidante que o oxigénio molecular) e absorvendo luz na

janela terapéutica (definida pela faixa de frequéncia onde a laser terapia é mais efetiva) para
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terapia fotodindmica (600 — 900 nm), sendo assim um ponto inicial de sintese de novas
moléculas. (WAINWRIGHT, 2005; RONSEIN, 2006)

O corante fenotiazinico azul de metileno é um corante aromatico heterociclico soluvel

em agua ou em alcool, que absorve intensamente na regido espectroscopica do ultravioleta-

visivel. E um agente fotossensibilizante muito eficaz na inativacdo de microrganismos como
bactérias e virus (WAINWRIGHT, 1998). O Azul de Toluidina é uma fenotiazina analoga ao

azul de metileno, com minimas divergéncias estruturais, que seria a presenca de dois

metilaminas no azul de metileno. Tem sido amplamente empregado na coloracdo bioldgica,
especialmente na hematologia. (WAINWRIGHT, 2005)

methylphenothiazin-3-
ylidene)-
dimethylazanium

chloride

SIGLA NOME QUiMICO PM FORMULA ESTRUTURA QUIMICA
(g/mol) MOLECULAR
MB 3,7- 319,85 Ca6H18N3SCl N
bis(Dimethylamino)- HE’C"I;JMS:QFCM
phenothiazin-5-ium CHs Cl” Chs
chloride
TBO (7-amino-8- 305,83 CisH16CINsS

Cr
XL
H,N S r«lr”

Tabela 1. Derivados fenotiazinicos avaliados como potenciais fotossensibilizadores contra
Tripanosomatideos
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3.1. Lasers Surg Med. 2012 Dec;44(10):850-5. doi: 10.1002/1sm.22099. Epub 2012 Nov 26

Photodynamic Antimicrobial Chemotherapy (PACT) Using Phenothiazine Derivatives as
Photosensitizers Against Leishmania braziliensis

Leismaniose cutanea e mucocutanea sao doengas caracterizadas por manifestagfes na pele ou
nas mucosas. No Novo Mundo, Leishmania braziliensis € o principal agente etiologico da
leishmaniose cutanea, numa condic¢do que pode evoluir para uma forma mucocutanea. O arsenal
terapéutico empregado rotineiramente para tratar pacientes infectados € insatisfatorio,
especialmente os antimoniais pentavalentes, que séo recomendados pela Organizagdo Mundial
de Saude, mas sao altamente toxicos, pouco tolerados e varios efeitos colaterais. Neste trabalho
buscou-se avaliar, de forma in vitro, a eficacia da Fotoquimioterapia Antiparasitaria como uma
nova abordagem para o tratamento da leishmaniose. Para isto foi utilizado um laser (A660 nm,
40 mW, 4,2 J/cm? 8,4 J/cm?, CW) associado a derivados fenotiazinicos em concentragdes de 5
e 10 pg/ml do azul de metileno, azul de toluidina, e de uma mistura de 1:1 de ambos os
compostos contra a forma promastigota de L. braziliensis. Apds uma incubacéo de 72h depois
do tratamento pela Fotoquimioterapia Antiparasitaria, as amostras foram contadas através de
um hematocitometro para determinar a viabilidade dos parasitas. Uma importante diminuicao
no numero de parasitas viaveis em todos 0s grupos tratados com a FTQAp, em compatracao
aos grupos controles foi observado em todos os grupos testados, demonstrando uma
significativa letalidade para a dose com 10 pg/ml do azul de toluidina.
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ABSTRACT:

Background and Objective: Cutaneous and mucocutaneous leishmaniasis are diseases
characterized by skin or mucosal manifestations. In the new world, Leishmania braziliensis is
the main etiological agent of cutaneous leishmaniasis, condition that may evolve to the
mucocutaneous form. The therapeutic arsenal routinely employed to treat infected patients is
unsatisfactory, especially for pentavalent antimonials, treatment recommended by the WHO, as
they are often highly toxic, poorly tolerated and of variable effectiveness. This work aimed to
evaluate in vitro the effectiveness of Photodynamic Antimicrobial Chemotherapy as a new
approach for the treatment of Leishmaniasis. Materials and Methods: A Laser (A660nm,
40mW, 4.2)/cm?and 8.4 J/cm?, CW) associated to phenothiazine’s derivatives (5 and 10 pg/ml,
Toluidine Blue O, Methylene Blue or Phenothiazine) on the promastigote forms of L.
braziliensis in a single session. Samples were removed and analyzed in a hemocytometer 72h
after PACT and viability of the parasites was assessed in quadruplicates. Results: An important
decrease in the number of viable parasites on all treated groups in comparison to their controls
was observed as all tested compounds lead to significant parasite lethality being the highest
lethality achieved with 10 pug/ml of TBO. No lethality was observed on groups treated with
laser or with any of the compounds separately. Conclusions: TBO presented higher parasite
lethality in comparison to MB with impressive reduction from 1 h to 5 minutes of pre-
incubation time.

Keywords: Laser-therapy, Leishmaniasis, Methylene Blue, Toluidine Blue O, Treatment
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INTRODUCTION

Leishmaniasis are protozoan parasitic infections transmitted to mammals, including humans,
by phlebotomine sandflies and clinically classified in three forms: visceral, cutaneous, and
mucocutaneous [1]. Leishmaniasis threatens about 350 million people in 88 countries
worldwide and 12 million people are believed to be currently infected, with about 1-2 million
estimated new cases occurring every year [2].

Cutaneous leishmaniasis is mainly caused by Leishmania major in the old world and by
Leishmania amazonensis or Leishmania braziliensis in the Americas, in particular in Brazil [2-
4]. Leishmania braziliensis is the etiologic agent of American cutaneous leishmaniasis (ACL),
which is characterized by its chronicity and the possibility to metastasize leading to the
mucocutaneous clinical form [5].

Current treatment for leishmaniasis relies mainly on chemotherapy, as no efficient
vaccine is available. Pentavalent antimonials meglumine antimoniate and sodium
stibogluconate have been considered the first option of treatment of leishmaniasis since the
1940s [1,6]. Amphotericin B is the second drug of choice when there is no response to treatment
with antimonials or when it is not possible to use it. The efficacy of pentamidine, the third drug
of choice, is less well known. Pentavalent antimonials are expensive, toxic many organs.
Furthermore, the administration of antimonials is forbidden in many situations such as during
both pregnancy and lactation, in very small children, in case of hypersensitivity to the drugs,
and in people suffering from certain chronic diseases [7,8]. Several side effects from use of
these compounds may be found elsewhere in the literature [2].

Recently, photodynamic antimicrobial chemotherapy (PACT) has been studied for the
treatment of leishmaniasis [9-11]. PACT is a potentially applicable, safe and affordable option
for treating patients suffering from many conditions being an attractive option to the use of
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conventional antimicrobial chemotherapy [12]. PACT neither induces resistant strains nor
demands multiple sessions of treatment [13,14].

Phenothiazines, nitrogen- and sulfur-containing tricyclic compounds, are known for
over a hundred years. Up to now over 5000 phenothiazines derivatives have been obtained and
this class of organic compounds became extremely important due to their varied biological and
chemical properties. Recent reports dealt with promising anticancer, antibacterial, antiplasmid,
multidrug resistance (MDR) reversal activities and potential treatment in Alzheimer’s and
Creutzfeldt-Jakob diseases of classical phenothiazines [15]. Phenothiazines are relatively
inexpensive, widely available, well-tolerated and nontoxic compounds. New phenothiazines
exhibit promising antibacterial, antifungal, anticancer, antiviral, anti-inflammatory,
antimalarial, antifilarial, trypanocidal, anticonvulsant, analgesic, immunosuppressive and
multidrug resistance reversal properties [15].

The present investigation aimed to evaluate the effectiveness of PACT against the
promastigote form of Leishmania braziliensis, as a new approach to therapy against human
cutaneous leishmaniasis.

MATERIALS AND METHODS

Chemicals

MB and TBO were purchased from Sigma-Aldrich Corporation (Milwaukee, WI, USA). Three
compounds were used: MB, TBO and a 1:1 mixture of MB + TBO, here named as phenothiazine
- MB-TBO. The stock solutions were diluted in distilled water (10 or 20 pg /ml).

Culture Promastigote Forms

L. braziliensis promastigotes (strain MHOM/BR/01/BA788 - cultivated and maintained
by the Integrated Laboratory of Microbiology and immunoregulation) were cultivated in
Schneider's Insect Medium (Sigma Chemical Co., St Louis, Mo, USA) supplemented with 20%
heat-inactivated fetal bovine serum (Gibco, Carlsbad, CA, USA), L-glutamine (2 mM),
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penicillin (100 U/ml), streptomycin (100 pg/ml) at 26 °C (Thermostat cabinets — LS Scientific,
Ikeja, Lagos, Nigeria) for 5-7 days when the parasites reached the stationary-phase. After
reaching the stationary-phase, the culture was sedimented by centrifugation (5810 R,
Eppendorf, Hamburg, Germany, 10 min, 4°C, 4000 rpm), suspended in 1 mL of the same
medium and quantified in a Neubauer chamber (LO - Laboroptik GmbH, Friedrichsdorf,
Germany) with the aid of a microscope (Nikon Eclipse E200, Melville, NY, USA). Enough
medium was added in order to adjust the parasitic concentration to 2 x 10° promastigotes/mL
[4].

Leishmanicidal Activity against Promastigotes Forms

The determination of the leishmanicidal activity was performed in 96-well plates
(Tesplate 96F - TPP, Zollstrasse, Trasadingen, Switzerland). The compounds were tested in
quadruplicate in two concentration 5 or 10 ug/mL. The parasitic concentration in the wells was
that of 2 x 10° promastigotes/mL. A negative control was performed with four wells containing
only parasites and the incubation medium. After 72 h of incubation at 26°C, 10 uL of each well
was diluted in 90 pL of the PBS and the parasites were quantified in a Neubauer chamber. The
data obtained from this quantification were plotted in a graph using Microsoft Excel and the
values of the lethality of the treated groups were obtained through the difference in percentage
of viable parasites in the groups treated with the amount of viable parasites in the control group.
Photodynamic Antimicrobial Chemotherapy (PACT)

Metacyclic promastigotes were pre-incubated during either 5 or 60 minutes, in darkness,
with the different concentrations of the photosensitizers in Schneider’s Drosophila medium (pH
7.2) with 10% FBS in 96-well plates. After pre-incubation each well was irradiated with a diode
laser which has a semiconductor active medium InGaAIP (A = 660nm, 40mW, 4.2J/cm?, CW,
TwinFlex®, MMOptics, Sdo Carlos, Sdo Paulo, Brazil). After 72 h of incubation at 26°C, 10 pL
of each well was diluted in 90 pL of the formaline 10% and the parasites were quantified in a
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Neubauer chamber. The data obtained from this quantification were plotted in a graph using
Microsoft Excel and the values of the lethality of the treated groups were obtained through the
difference in percentage of viable parasites in the groups treated with the amount of viable
parasites in the control group. Four protocols were carried out: |: Pre-incubation of 5
minutes and 2 minutes of irradiation (4.2 J/cm?); II: Pre-incubation of 5 minutes and 4
minutes of irradiation (8.4 J/cm?); Ill: Pre-incubation of 60 minutes and 2 minutes of
irradiation (4.2 J/cm?); and IV: Pre-incubation of 60 minutes and 4 minutes of irradiation
(8.4 J/lcm?).
Crystal Violet Toxicity Assay

In order to assess the toxicity of certain phenothiazines concentrations to human cells,
we made a Crystal Violet Toxicity assay from macrophages derived from peripheral blood
mononuclear cells (PBMC). PBMC were obtained from blood bags processed with buffy coat,
donated from the local hemocenter (Fundacdo de Hematologia e Hemoterapia da Bahia), by a
gradient centrifugation on Ficoll-Hypaque (GE Healthcare, Uppsala, Sweden) at 1500 RPM
with room temperature. The PBMC collected were then washed with PBS following
centrifugations at 1400, 1300 and 1200 RPM. For macrophage differentiation, the PBMC
remaining were disposed in a 96 well dish with 200 ul of RPMI (LGCBIO, Cotia, SP, Brazil)
with 10% inactivated AB human serum (Sigma Chemical Co., St Louis, Mo, USA), at
concentration of 10°PBMC/ml, remaining for 7 days with exchanging half of the media at every
2 days. One day after photochemotherapy, the culture media was removed from the wells
(Tesplate 96F - TPP, Zollstrasse, Trasadingen, Switzerland) and 100 pL of methanol was added
and the plate, and incubated for 20 minutes at room temperature (25°C). Methanol was then
removed from the wells, being added 50 pL of Cristal Violet Dye (0.5% Crystal Violet, 20%
Methanol, 80% dH.O, Sigma-Aldrich Corporation, Milwaukee, W1, USA) followed by
incubation for 10 minutes at room temperature. After that period, the dye was removed and the
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wells washed twice with tap water, followed by 2 immersions of the plate in a beaker filled with
tap water. To extract de dye from the cells, 100 puL of Sorenson’s buffer (SDS) was added in
the wells and the plate was incubated in a rotate shaker for 30 minutes. An ELISA - SpectraMax
190 Microplate Reader® (Sunnyvale, CA, USA) plate reader was used for the absorbance
measurement at wavelength of 540nm.
Statistical Analysis

The data was analyzed using the Minitab15 software (Minitab, Belo Horizonte — MG,

Brazil). Significance level was fixed in 5%.

RESULTS

From Crystal Violet toxicity assay, we observed that MB and TBO presented a very similar
pattern of toxicity. When compared to control group, both have a trend to decrease the cells
viability along with concentration increasing, although this effect was showed to be significant
only at 20 pg/ml. Thus, concentrations below these levels were chosen from both phenotiazines
for PACT assays.

The overall analysis showed that, the use of energy density of 4.2 J/cm? achieved the
best results of lethality when using incubation time of 5 minutes and using either 10ug/ml of
TBO or MB-TBO. When the incubation time was increased to 60 minutes, all compounds are
similarly effective, independent of the energy density used. So the use of either 10ug/ml of TBO
or MB-TBO during 5 minutes prior irradiation with 4.2J/cm? A660nm laser light was the most

efficient protocol (Table 1).

DISCUSSION
According to the WHO, leishmaniasis is among the six most important tropical diseases,
affecting around 12 million people in 88 countries [16]. Chemotherapy remains the most
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effective control measure for this disease. The therapeutic arsenal routinely employed to treat
patients with leishmaniasis is limited and unsatisfactory. For cutaneous leishmaniasis,
pentavalent antimonials (sodium stibogluconate or meglumine antimoniate) are the first line
therapeutic scheme recommended by the WHO, the second drug of choice (amphotericin B)
and the third drug of choice is pentamidine. All of these medications are parenterally
administered and may result in mild to severe side effects. These compounds are highly toxic,
poorly tolerated, require long-term treatment and their effectiveness highly variable [17-19].

Pentavalent antimonials may cause hyperamylasemia, ECG abnormalities, bone
marrow suppression and hepatotoxicity, as well as constitutional symptoms, such as myalgia,
arthralgia, headache, fever, nausea, vomiting, and pain at the site of drug application, when
administered intramuscularly. Amphotericin B may result in anemia, cardiac and nephrotoxic
effects, hypokalemia, and constitutional side effects, such as nausea, vomiting, phlebitis,
shivering and fever, which sometimes require the interruption of treatment. Pentamidine is
known for its cardiac toxicity, nephrotoxicity, hypotension, hypoglycemia, but the major
concern is the possibility of development of diabetes mellitus [19].

Antimicrobial Chemotherapy (PACT) which may also be called Photosensitization
lethal laser (PLL), based on topical or systemic non-toxic dye sensitive to light irradiation
followed by at low doses with visible light of appropriate wavelength [20]. The photodynamic
inactivation can be performed in a localized way, different from photodynamic therapy against
cancer, where the compound photosensitizer is usually injected into the bloodstream and
accumulates in the tumor, photodynamic inactivation may be made by local employment in the
area of the photosensitizer infected by topical application, instillation, or interstitial injection
[21].

In the presence of oxygen found in the cells, photosensitizer (FS) enabled can react with
molecules in their neighborhood by electron transfer or hydrogen, leading to production of free
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radicals (type | reaction) or by energy transfer to oxygen, leading to production of singlet
oxygen (type Il reaction). Both paths may lead to cell death and the destruction of diseased
tissue [22, 23, 24].

Reagent Oxygen Species (ROS) simultaneously attack multiple molecules of varied
properties. PACT is considered to have the potential to circumvent drug-resistance that is
common to both infectious and non-infectious diseases. PACT should not cause resistance to
the drugs used and deserves special attention as a new strategy to circumvent this so common
problem encountered in the chemotherapy of some diseases [25].

The light sources can be used to bring the excitement of photosensitizing molecules,
such as pulsed light, lights incoherent, xenon lamp, among others, all with specific filters that
let you select the wavelength with greater penetration in tissues and of maximum absorption of
the drug [26,27]. The radiation used often is provided by a laser system, which are preferably
employed because they have specific characteristics that differ from the light as being
monochromatic, coherent and collimated [28].

MB and TBO are photosensitizing phenothiazine accepted at the practice medical and
demonstrated in studies in literature. Exhibit intense absorption of 600-660nm, region of the
spectrum useful in PACT to be in the "therapeutic window" required for efficient penetration
of light in tissues [29,30]. Although its properties physical and chemical are similar the
efficiency photodynamic of compounds, varies between the several microorganisms [23]. The
use of staining agents such as MB and TBO in the analysis of the pathology of the microbial
diseased state is well established, as mentioned above [31].

The phenothiazine dye Toluidine blue O (TBO) is a heterocyclic aromatic colorant
soluble in water or alcohol, which absorbs strongly in the region of the ultraviolet-visible. A
photosensitizing agent that is very effective in inactivating pathogenic organisms. TBO is a
phenothiazine analogous to MB with minimal structural differences. It has been widely used in
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biological staining, especially in hematology [31]. TBO is a phenothiazine dye that interacts
with biological molecules and mediators. Previous studies have demonstrated the high ability
of TBO molecules to bind to DNA. DNA is an important target in the phenothiazinium dye
photosensitized biological damage, and guanine residues. Resonance light scattering spectra of
TBO in the presence of DNA indicated that TBO could aggregate along DNA surface [23].

TBO in solution is playing a highly active role in the light-mediated killing of the cells.
There are two possible explanations for this observation. First, it may be due to the light-
mediated extracellular generation of ROS (particularly singlet oxygen) that may diffuse itself
into the cell producing damage cell death. The second explanation is that the first part of the
Photodynamic Inactivation - PDI process produces some damage at the cell surface that allows
more TBO molecules present in solution to bind and/or penetrate the cell and therefore
increasing the potency of the PDI process. The finding that there was a significant dependence
of killing on cell density also implies that there is binding or interaction of the cells with a
limited concentration of some species and that this occurs whether or not the PS is washed out
from the cell suspension [23].

The methylene blue (MB) has shown to be an effective broad-spectrum
photoantimicrobial agent [32]. Due to the hydrophilic nature of the outer cell membrane, MB
acts leading both to a lack of activity against intracellular targets as membrane photodamage,
hemolysis, etc. MB is a long established biological dye and has been known as a
photoantimicrobial since 1928. The antiprotozoal activity of MB includes both African and
American trypanosomiasis and leishmaniasis. The continuing use of MB as a lead compound
for antimalarial research underlines its activity against Plasmodium spp [33].

The electronically excited MB molecule is relatively stable and can undergo an
electronic rearrangement. The excited form is known as an excited triplet state and it is this that
facilitates photodynamic action. A relatively long-lived excited triplet state allows the excited
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MB molecule to pass on the excitational energy to other molecules. Direct interaction with
adjacent molecules leads to electron transfer or hydrogen abstraction and the formation of
radical species. This is known as Type | photosensitization, and with membrane-related
molecules leads to the formation of lipid hydroperoxides and thus to membrane damage [22].
If the excited triplet state molecule interacts directly with oxygen, the excitational energy is
transferred causing the formation of a highly reactive species, singlet oxygen. Formed in situ
within a cellular environment, singlet oxygen is highly toxic on account of its oxidizing activity,
although it has a very short lifetime and will decay to the ground state (non-toxic triplet oxygen)
within microseconds. Singlet oxygen-mediated photosensitization is known as the Type I
pathway [34].

Phenothiazines possess great affinity by Trypanosomatides [35-37]. Trypanothione and
trypanothione reductase (TryR)-based redox metabolism found in Leishmania sp. and other
trypanosomatides exemplify the unique features of this group of organisms. Its absence in
mammalian hosts, together with the sensitivity of trypanosomes against oxidative stress, makes
this enzyme a unique target for exploitation for potential antileishmanial chemotherapeutics
[34, 38-40]. Trypanothione reductase (TR) was irreversibly inhibited phenothiazine derivatives.
The inactivation of TR depends on (a) of incubation with the phenothiazine derivatives (b) the
free radicals formed (c) and the concentration and structure of phenothiazine derivatives [38].

Another enzyme found in Leishmania sp, is the Superoxide Dismutase (SOD) SOD has
its mechanism of action involved in anti-oxidant enzymes which catalyze the dismutation of
0O, to H2O2 and Oy protecting catalase and peroxidase against inhibition by O2", which can be
derived from the phenothiazine [41, 42].

Based on this knowledge about the actions of phenothiazine derivatives on structures
and enzymes of Leishmania, we can better understand why the choice of some works of PACT
with MB [43,44].
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Other advantages of PACT are: The procedure can be repeated several times if
necessary, since no toxic effects and is usually non-invasive. In addition, due to its low risk,
can be used in people who are elderly or frail to undergo other surgery. The main side effect is
sensitization to light, which is circumvented by avoiding exposure to sunlight and interior light
too intense for a period of up to 6 weeks depending on the photosensitizer [45].

Because of its ability to interact at a more internal MB, we decided to evaluate the TBO,
individually and combined with MB for comparison with results previously available in the
literature with MB. Our results showed that TBO really stands out when compared to MB. The
contribution that this work can also provide for new research PACT with Leishmania, especially
L. braziliensis, which is in respect to the parameters used in the irradiation for stimulation of
the compounds used together with the low concentration of photosensitizers.

The concentrations used were well below those considered toxic based on toxicity test
with crystal violet, giving us greater security to work and to modify the concentrations without
causing problems cytotoxicity. Another point worth highlighting in this work is the total time
for which the technique is carried out. We conducted four experimental periods, one where the
child understands the pre-incubation of 5 minutes with 2 minutes of irradiation, a total of 7
minutes of dealing with a dose of 4.2 Jlcm?. Already the longest period includes a pre-
incubation of 60 minutes with 4 minutes of irradiation, totaling 64 minutes of procedure and a
dose of 8.4 J/cm?. As there was no statistical difference of the best concentration, 10 pg/ml of
TBO compared the times of pre-incubation of 5 or 60 minutes, we suggest that among these
possibilities tested at work, the best procedure would be to use 10 pg/ml of TBO irradiated by
a laser device with a dose of 4.2 J/cm?. In this procedure, we have less time with greater

lethality.
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Morpho-Structural Effects Caused by 660nm Laser Diode in Epimastigotes Forms of
Trypanosoma cruzi: In Vitro Study

As doengas parasitarias representam um dos principais problemas de satde publica na América
Latina, em particular, a doenca de Chagas ou Tripanossomiase americana, causada pelo
protozoario Trypanosoma cruzi, infecta mais de 18 milhdes de pessoas em todos 0s paises da
Ameérica Latina. A luz visivel induz a uma reacdo fotoguimica, que induz a ativacéo de enzimas
utilizadas principalmente na cadeia respiratoria e, esta luz tem como alvos primarios 0s
lisossomos e mitocondrias no interior das células, aumentando a producdo de ATP
mitochondrial. O objetivo deste estudo foi avaliar as modificagdes morfo-estruturais geradas
nas formas epimastigotas de Trypanosoma cruzi, apos a irradia¢cdo com um laser semicondutor
AlGalnP, a um comprimento de onda (A) igual a 660 nm + 10 nm, 40 mW de poténcia Optica,
emitindo luz vermelha no espectro visivel, com uma dose de 6J/cm2 em modo continuo. Em
seguida, os parasitas que foram submetidos a irradiacao foram analisadas ao microscopio optico
e comparadas com outros ndo tratados. Constatou-se 0 aumento do tamanho do cinetoplastico
(estrutura com elevada concentracdo de DNA extracelular - KDNA, cuja principal funcéo é a

codificar as enzimas da cadeia respiratoria tais como ATPase e citocromoxidase), do nicleo da

célula e do volume da célula parasita, deixando-o0 mais arredondado.
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Morpho-Structural Effects Caused by 660nm Laser Diode
In Epimastigotes Forms of Trypanosoma cruzi: In Vitro
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Abstract: Parasitic diseases represent a major public health problems in Latin America, in particular, Chagas disease or
American trypanosomiasis, caused by the protozoan parasite Trypanosoma cruzi, infects more than 18 million people in
all countries of Latin America. Visible light induces a photochemical reaction, that induces the activation of enzymes used
mainly in the respiratory chain, and that light has the primary targets lysosomes and mitochondria of cells, increasing, the
mitochondrial ATP production. The purpose of this study was to assess the morpho-structural generated in the epimastigote
form of Trypanosoma cruzi, after irradiation with a semiconductor laser InGaAlP, at a wavelength () equal to 660nm +
10nm, 40 mW optical Power, emitting red light in the visible spectrum, with a dose of 6J/cm? in continuous mode. Then
the parasites that have undergone irradiation were analyzed by optical microscopy and compared to untreated. It found the
increase in size of the kinetoplast (structure with high concentration of extracellular DNA - KDNA, whose main function
is to encode the respiratory chain enzymes such as ATPase and citocromoxidase), the cell nucleus and the cell volume of
the parasite, leaving the more rounded.

Keywords: laser Effects, Trypanosoma cruzi, photo-biological mechanism
PACS: 42.62.-b.

INTRODUCTION

In 1909, Carlos Chagas realised a unique medical finding describing a new disease known as American
trypanosomiasis, as well as its vector and causative agent, the haemoflagellate protozoan Trypanosoma cruzi [1].

One hundred years after its discovery, Chagas disease is still epidemiologically relevant, afflicting 16-18
million people in 18 endemic countries in Latin America [2,3]. Several hundred thousand T. cruzi-infected
individuals may also be living in North America, Europe and other countries as a result of immigration to these
areas in search of a better life [4],demonstrating that Chagas disease is a far-reaching public health issue.

The first records of human infection with Trypanosoma cruzi date back nine thousand years, to a time when
the first humans peopled the Andean coast. Molecular analyses of tissues extracted from human mummies of the
Northern Chile and Southern Peru regions showed the presence of the parasite’s kinetoplast DNA in 41% of the
samples taken [5].

Two types of DNA rings are present in the kinetoplast, the minicircles and the maxicircles. There are several
thousand minicircles, which range in size from about 0.5-2.5 kb (depending on the species) and a few dozen
maxicircles, usually varying from 20-40 kb [6, 7]. They encode guide RNAs that modify maxicircle transcripts by
extensive uridylate insertion or deletion, a process known as RNA editing. Maxicircles are structurally and
functionally analogous to the mitochondrial DNA in higher eukaryotes that encodes rRNAs and the subunits of
respiratory complexes [8].

Exists in the animal organism a photo-regulator function, based on certain photoreceptor capable of absorbing
photons of a certain length where, arriving to cause a change in functional and metabolic activity of the cell. The
energy of the photons forming a laser radiation absorbed by a cell will be transformed into biochemical energy
and used in its chain [9].

In 1988, Karu found the mechanism of action of different lasers. The lasers used in laser therapy emitting both
wavelengths in the visible range and near infrared. The visible laser light induces a photo-chemical reaction, that
is, there is a direct activation of synthesis of enzymes [10, 11, 12] and this light has the primary targets lysosomes
and mitochondria of cells [9]. The increase in mitochondrial ATP that is produced after laser irradiation, favors a
large number of reactions involved in cellular metabolism. The laser accelerates the increase of ATP [13, 14, 15,
16].
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MATERIALS AND METHODS

Parasites

Epimastigote forms of Y-strain T. cruzi were axenically grown and maintained in complex medium containing
37 g L—1 brain heart infusion (BHI; Difco®, MA, USA), 10 pg L™ hemin (Sigma®, MO, USA), 20 ug L* folic
acid (Sigma), and 10% (v/v) fetal bovine serum (FBS; Gibco, BRL®) for 7 days at 28°C.

Laser Therapy

Each well of the culture plate will receive, individual form, irradiation with the laser connected to an optical
fiber, with optical power of 30 mW, emitting light in the red visible specter, with a dose of 4J/cm? in continuous
mode. After the plate was then incubated at 28°C for 3 hours. After this period a sample was taken from each well
and then viewed in the light microscope.

Light microscopy

Epimastigote measurement. The control group and irradiated with the laser were observed in Microscopy Carls-
Zeiss Axiostar Plus equipped with a Canon PowerShot A640. Contrasting images of epimastigotes were acquired,
both the control and the irradiated with the laser. The images were treated in the Axionvision and analyzed by the
researchers who conducted the test.

RESULTS AND DISCUSSION

Throughout the 80s, the researcher Tiina I. Karu, showed the groundwork for understanding the molecular
mechanisms underlying the effects of low power light on biological systems [17, 18, 19]. We know the existence
of the action of a photo-biological mechanism that regulates the light energy on the respiratory chain of eukaryotic
and prokaryotic enzymes with terminal respiratory chain, cytochrome ¢ oxidase in mitochondria, acting as
photoreceptor [20]. Cellular responses occur in primary reaction in the respiratory chain reaction and secondary in
the cytoplasm and the nucleus of cells [21]. Some of the effects of photostimulation on biological systems are:
increased rate of cell proliferation [22], increasing the production rate of fibroblasts and collagen synthesis [23,
24], increased rate of synthesis of RNA and DNA [20,22], ATP synthesis [25], increased vascularity [26], changes
in nerve conduction [27], etc.

The mechanisms of action of light after absorption are characterized in primary and secondary. According to
Karu (2003) the different mechanisms may lead to similar results by stimulating the mitochondrial redox state
toward greater oxidation. Is discussed, however, what mechanisms are critical in a given situation, since factors
such as light dose and intensity of use may favor the dominance of either [28]. The primary mechanisms have not
been well established with a number of assumptions associated with the generation of singlet oxygen 1 O [29].
The secondary mechanisms are responsible for the connection between the response to the action of light by
photoreceptor located in the mitochondria and the mechanisms of synthesis of DNA and RNA localized in the
nucleus or other phenomena in other components of the cell. There are different regulatory processes associated
with control of photo-acceptors on the level of intracellular ATP, transcription factors sensitive to cellular redox
state or homeostatic cell signaling cascades in the cytoplasm through the cell membrane to the nucleus [28].

In this study, we observed the morphological and structural changes caused by 660nm laser diode on protozoan
Trypanosoma cruzi. A larger volume of the nucleus and the mitochondrion-kinetoplast can be observed when
comparing the irradiated with the parasite without treatment. The body of the organism treated with the laser also
has a change of form, from a more elongated form to a rounder. Mobility was also affected, with the parasites
treated a movement noticeably smaller than the control group (Figure 1).
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FIGURE 1 - (A,B) Control group; (C,D,E) Laser treated
CONCLUSION

In conclusion, we verified the viability of using laser therapy, so in vitro on Trypanosoma cruzi parasites. It
can be concluded that the laser cause morphological and structural changes in the parasites. These new results
leads us, rationally, for the use of photodynamic therapy or lethal photosensitization as a means to combat Chagas

disease.
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3.3. AIP Conference Proceedings;8/24/2011, Vol. 1364 Issue 1, p55

Evaluation of Photodynamic Antimicrobial Therapy (PACT) against Trypomastigotes of
Trypanosoma cruzi: In Vitro Study

Politicas publicas para o combate da doenca de Chagas apresentam-se com um consideravel
grau de negligencia e séo classificadas pelo TDR (Programa Especial para Treinamento e
Pesquisas em Doencas Tropicais) como nivel Ill, onde o foco das pesquisas deve ser baseado
na melhoria e dissemina¢do mundial das ferramentas existentes e das estratégias para o combate
destas doencas. Uma nova terapia é proposta para o tratamento da doenca de Chagas. A
Fotoquimioterapia Antiparasitaria é baseada na administracdo tdpica ou sistémica de um
corante ndo-toxico e sensivel a luz, seguido da irradiagdo por uma baixa dose de luz visivel em
um comprimento de onda apropriado ao fotossensibilizador. Na presenca do oxigénio
encontrado nas células, esta molécula fotossensibilizadora é ativada e pode reagir com
moléculas em sua vizinhanga através da transferéncia de elétrons ou hidrogénio, levando a
formagé&o de radicais livres (reacéo tipo I) ou pela transferéncia de energia ao oxigénio (reacéo
tipo I1). Ambos os caminhos podem levar as células a morte e/ou destruicao do tecido tratado.
Neste trabalho, foi verificado a eficacia da fotoquimioterapia antiparasitaria associada a um
laser semicondutor de InGaAIP (A660nm, 30mW, 4J/cm?, CW) utilizando o azul de metileno
como fotossensibilizador diluido em 6 diferentes concentracBes contra as formas
tripomastigotas de T. cruzi. Para determinar-se a viabilidade dos parasitas, uma amostra de cada
grupo tratado em cada concentracdo foi removido e analisado em um hemocitdmetro,
observando a diminuicdo do nimero de parasitas vivos e sendo comparado com 0 grupo
controle sem tratamento. Os resultados demonstraram um significante percentual de lises
parasitaria, 0 que ndo pode ser observado nos grupos tratados apenas com o laser ou com 0s
compostos sem a irradiacdo com o laser.
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Abstract: Policies to combat Chagas disease presents a considerable degree of negligence and is classified at level 111 by TDR,
where the focus of research is based on the improvement and wider dissemination of existing tools and strategies for combating
them. The PACT is based on topical or systemic administration of a nontoxic dye sensitive to light, followed by low dose
irradiation with visible light of wavelength appropriate. In the presence of oxygen found in the cells, the photosensitizer (FS)
enabled may react with molecules in its vicinity by electron transfer or hydrogen, leading to production of free radicals (type |
reaction) or by energy transfer to oxygen (type Il reaction), leading to production of singlet oxygen. Both paths can lead to cell
death and the destruction of diseased tissue. In this work, we verify the effectiveness of PACT associated with a semiconductor
laser InGaAlP, a wavelength (X) equal to 660nm + 10nm, 30 mW optical power, emitting red light in the visible spectrum, with
a dose of 4J/cm? in continuous mode, using methylene blue in five differents concentrations on the infective trypomastigote
forms of Trypanosoma cruzi. To determine the viability of the parasites, one sample from each treatment group at each
concentration was removed and analyzed in a hemocytometer, observing the decrease in the number of live parasites for the
solution without treatment. The results demonstrated significant percentage of parasite lysis (up to 86% lethality), what can not
be observed in the groups treated with laser or with the FS.

Keywords: Photodynamic Antimicrobial Therapy, PACT, Trypanosoma cruzi, Chagas Disease
PACS: 42.62.-h.

INTRODUCTION

The protozoan parasite Trypanosoma cruzi is the causative agent of American trypanosomiasis or Chagas
disease, a human harmful disease affecting 16 to 18 million people in South and Central America [1].The treatment
of Chagas disease, which is endemic in Latin America and caused by the protozoan Trypanosoma cruzi, is based
on two nitroheterocycles (nifurtimox and benznidazole) that present severe side effects, and their efficacy during
the chronic phase is still controversial with poor indices of apparent cure [2].

This parasite has a single mitochondrion, which contains a branched electron transport chain, cyanide-resistant
respiration mediated by an alternative oxidase [3], and a specialized region rich in DNA named a kinetoplast,
which is a hallmark of Kinetoplastida protozoa [4], making this organelle an extraordinary drug target [5] and for
a new technique, the photodynamic antimicrobial therapy (PACT).

PACT is based on topical or systemic administration of a nontoxic dye sensitive light followed by low dose
irradiation with visible light of appropriate wavelength [6]. In the presence oxygen found in the cells, the
photosensitizer (FS) system can react with molecules in its neighborhood by electron transfer or hydrogen, leading
to production of free radicals (reaction type 1) or by energy transfer to oxygen (type Il reaction), leading to
production of singlet oxygen. Both paths can lead to cell death and the destruction of diseased tissue [7,8].

Compared with other cytotoxic therapy, PACT has advantage of dual selectivity: not only the FS can be directed
to the cells or diseased tissue, but also the light can be precisely focused at the lesion site. [9, 10]. The procedure
can be repeated several times, if necessary, since no toxic effects and is usually not invasive. Also, because of their
low risk, can be used in elderly or who are too weak to be undergo surgery [11].

Methylene blue (MB) is a well known blue dye. The blue colour of an aqueous solution of MB is due to the
fact that the phenothiazinium molecule absorbs visible light strongly in the region 600—700 nm, thus allowing the
remainder of the visible spectrum (350-600 nm) to be transmitted. Where the MB molecule differs from other
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blue dye types (e.g. blue azoic or anthraquinone dyes) is that the absorbed light energy can be passed on efficiently
to other molecules in the vicinity [12].

The electronically excited MB molecule is relatively stable and can undergo an electronic rearrangement. The
rearranged form is known as an excited triplet state and it is this that facilitates photodynamic action. A relatively
long-lived excited triplet state allows the excited MB molecule to pass on the excitational energy to other
molecules. Direct interaction with adjacent molecules leads to electron transfer or hydrogen abstraction and the
formation of radical species. This is known as Type | photosensitization, and with membrane-related molecules
leads to the formation of lipid hydroperoxides and thus to membrane damage.

If the excited triplet state molecule interacts directly with oxygen, the excitational energy is transferred causing
the formation of a highly reactive species, singlet oxygen. Formed in situ within a cellular environment, singlet
oxygen is highly toxic on account of its oxidising activity, although it has a very short lifetime and will decay to
the ground state (non-toxic triplet oxygen) within microseconds. Singlet oxygen-mediated photosensitization is
known as the Type Il pathway [12]. The study of the parasite-specific trypanothione-based thiol metabolism as a
target of methylene blue (MB, MB™) or of MB-containing drug combinations is recommended for Boda et al. Other
papers had previously shown effects of MB on T. cruzi [13,14] and several leishmania species [15,16].

MATERIALS AND METHODS
Cytotoxicity Assay

The cytotoxicity of the compounds was determined using BALB/c mice splenocytes (5x108 cells/well),
obtained by Pereira et al 2004 [17], cultured in 96-well plates in RPMI 164 (Sigma Chemical Co) supplemented
with 10% of fetal calf serum (Cultilab, Campinas, SP) and 50 pg/mL of gentamycin (Novafarma, Anapolis, GO).
Each compound was dissolved in NaCl 0,9 and was evaluated for their ability to inhibit splenocytes proliferation
at concentration in six concentrations (0,78 — 0,39 -0,19 -0,1 — 0,05 e 0,025 pg/mL), in duplicate. Cell proliferation
was determined by adding 1 pCi of [*H] — thymidine per well for 24 h at 37°C and 5% CO,. After this period, the
content of the plate was harvested to determine the *H-thymidine incorporation using a beta-radiation counter (B-
matrix 9600, Packard). The toxicity of the compounds was determined comparing the percentage of *H-thymidine
incorporation of drug-treated wells in relation to untreated wells. Non-toxic concentrations were defined as those
causing a reduction of 3H-thymidine incorporation below 30% in relation to untreated controls.

Parasites

Trypanosoma cruzi Y strains were used. T. cruzi tissue culture trypomastigotes were obtained from the
supernatant of 5-6 day-old infected Vero cells. Infected cells were maintained in RPMI-1640 medium
supplemented with 2% fetal calf serum (FCS) for 5-6 days at 37 °C in a 5% humidified CO, atmosphere. After
this time, supernatant was collected, centrifuged at 500xg for 5 min and allowed to remain at 37 -C for 30 min.
During this period, trypomastigotes in the pellet moved into the supernatant medium which was collected and
centrifuged at 1000xg for 10 min. Trypomastigotes concentrated in the pellet were counted in a Neubauer chamber,
and used in a concentration of 5x108 cells to infect a monolayer of host cells cultivated in 25 cm? culture flasks.
After a 24 h infection, culture medium was changed to remove free parasites, being the host cells then incubated
again at 37 -C in a 5% humidified CO, atmosphere. Culture medium was changed every 48 h.

Phototherapy

To determine the effect of irradiation with the laser diode on trypomastigotes of Trypanosoma cruzi, 2x10°
parasites were placed in triplicate in wells of culture plates of 96 wells in 200 pl volume. Each well of the culture
will receive, individual form, irradiation with the laser connected to an optical fiber, with optical power of 30 mWw,
emitting light in the red visible specter, with a dose of 4J/cm? in continuous mode. After the plate was then
incubated again at 37 -C in a 5% humidified CO, atmosphere for 24 hours and after this period was performed to
count the parasites. The equipment used for photosensitization will be the Laser® Hand (MM Optics, Sao Carlos,
SP), class 3R ANVISA. The Laser Hand® has a semiconductor diode InGaAlP, it emits radiation of continuous
form (CW), in a wave length (1) equal 660nm + 10nm, optic power of 40 mW, frequency of 50-60Hz and diameter
of spot (») of 0,4mm?. Fiber optics are provided by the manufacturer and are made of flexible material e promotes
a loss of up to 30% of the energy. The tests will be conducted to a control culture of parasites without treatment.
The percentage of activity against the parasite is determined by comparing the values of viable parasites counted
by the hemocytometer, wells irradiated with the laser and the values of the untreated control. All the procedures
that to involve the laser use will be executed with eyeglasses supplied for the manufacturer.
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Anti-proliferative Effect For Trypanosoma cruzi

To determine the anti-proliferative effect for Trypanosoma cruzi, trypomastigotes (4x108/ml) grown as
Bisaggio (2006) [18], will be placed in 96-well plates in 100 pl volume. The growth of trypomastigote forms will
be held in the absence and presence of different concentrations of photosensitizer for 24 hours under appropriate
conditions (37°C and 5% CO;). The tests will be conducted as control cultures of parasites without treatment. The
percentage of activity against the parasite is determined by comparing the values of viable parasites counted by
the hemocytometer, the wells incubated with the photosensitizer and the values of untreated control. Next will be
evaluated in terms of percentage of mortality of the parasites.

Photodynamic Antimicrobial Chemistry Therapy

The samples then will be increased of the photosensitiser of form that reaches the desired concentration. The
culture plate is then closed and stored in the dark for a period of five minutes, that is the pre-irradiation period
(PIP). After this time, each well of the culture will receive, individual form, irradiation with the laser connected to
an optical fiber, with optical power of 30 mW, emitting light in the red visible specter, with a dose of 4J/cm? in
continuous mode. After the plate was then incubated again at 37 <C in a 5% humidified CO, atmosphere for 24
hours and after this period was performed to count the parasites. The equipment used for photosensitization will
be the Laser® Hand (MM Optics, Séo Carlos, SP), class 3R ANVISA. The Laser Hand® has a semiconductor diode
InGaAlP, it emits radiation of continuous form (CW), in a wave length (1) equal 660nm £ 10nm, optic power of
40 mW, frequency of 50-60Hz and diameter of spot (¢) of 0,4mm?. Fiber optics are provided by the manufacturer
and are made of flexible material e promotes a loss of up to 30% of the energy. All the procedures that to involve
the laser use will be executed with eyeglasses supplied for the manufacturer.

RESULTS AND DISCUSSION
Cytotoxicity Assay

Methylene blue was shown to be atoxic at concentrations below 1 g / ml (Figure 1). At concentrations below
this, methylene blue did not affect the cell viability to undermine their development.
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FIGURE 1: Cytotoxicity Assay — Methylene Blue values
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After 24 hours the day of PACT, the parasites were counted using a Neubauer chamber to determine the
percentage of lysis caused by the technique. Most non-toxic concentration (0.78 p g / ml) the percentage of lysis
was 86% as the chart (Figure 2). Since this is a work job, some parameters used were based on existing information
on Photodynamic antimicrobial Therapy and previous data acquired by our research group.

The compound phenothiazine methylene blue proved to be toxic to animal cells at concentrations above 1
ng/ml. Nontoxic concentrations were those that showed a reduction below 30% in the 3H-thymidine incorporation
compared to untreated controls. Based on these data, the concentrations used and employed in testing anti-
proliferative effect against T. cruzi and the test for Photodynamic Antimicrobial Therapy was always below 1
png/ml. Another important feature of these concentrations on the work, is the fact that they are much smaller when
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compared to concentrations of methylene blue used in the literature, with other microorganisms such as bacteria
for example.

m 0,780

0,390

Pergentage of |ysis

non-toxic conéentration

FIGURE 2: Percentage of lysis of the parasites

Phototherapy with laser diode was analyzed by comparing the laser group with the control group. After 24
hours of irradiation with the laser, in this experiment were not found significant differences in mortality between
groups of parasites tested. Also not proliferative effect was observed in the parasites after laser application, as
statistical analysis.

Several authors have published on the inactivation of Trypanosoma cruzi by phenothiazine derivatives
[13, 19, 20, 21]. Some enzymes has been demonstrated to be targets of methylene blue as trypanothione reductase
inhibitors and other (di) thiols were oxidized to disulfides by the dye. The superoxide dismutase also demonstrated
suffer inactivation by methylene blue [22]. But this behavior of the parasites was not observed at the concentrations
tested, because we did not identify statistical variations in mortality of the parasites causes by methylene blue
compared to the control group.

All parameters used for Photodynamic Antimicrobial Therapy were based on prior information acquired by the
group in working with other microorganisms. As initial work, we opted to use the best values of the dose and
potency of the laser and the incubation time observed in bacteria. Parallel studies, evaluating the best values on
dose and laser power, and the incubation period of more effective are being conducted in our laboratory.

With this dose we used to demonstrate the effectiveness of photosensitization in killing the parasite
Trypanosoma cruzi trypomastigotes. As the Photodynamic Antimicrobial Therapy against Trypanosoma cruzi was
first employed by us, some points that cause the lethality of the parasite are not explained, creating a new strand
of research for our group to analyze.

The mechanism by which death occurs, the parasite could perhaps be explained by photodynamic reaction type
I, when the molecule of the photosensitizer in its excited triplet state with one molecule of oxygen, which also
has its triplet ground state, it transfers its energy to this molecule forming the excited state singlet oxygen. This
state of oxygen is chemically very active and can induce various chain reactions with cell components such as
DNA, proteins, cell membrane phospholipids, resulting in cell death.

Other experiments employing Photodynamic Antimicrobial Therapy with the protozoan Trypanosoma brucei,
Leishmania brasiliensis, Leishmania chagasi, Plasmodium falciparum and Plasmodium vivax parasites causing
the sleeping sickness (African trypanosomiasis), cutaneus leishmaniasis visceral leishmaniasis and malaria,

respectively, are also being conducted by our research group for upcoming publications.

CONCLUSION

In conclusion, we studied the use of laser with a new approach, activity anti-Trypanosoma cruzi. The lethal
photosensitization can serve as a new tool in the fight against Chagas disease. The promising results in vitro study
lead you to further studies to better use of therapy.
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Evaluation of Photodynamic Antimicrobial Therapy (PACT) against Promastigotes
Form of the Leishmania (Viannia) braziliensis: In Vitro Study

Leishmaniose € uma doenga complexa que afeta cerca de 12 milhGes de pessoas em 88 paises
ao redor do mundo. Leishmania braziliensis é a espécie mais comum nas Americas e a principal
espécie causadora de leishmaniose cutanea e mucocutanea no Brasil. As opcdes terapéuticas
disponibilizadas para o tratamento dos pacientes sdo muito limitados ou insatisfatorios. Para a
leishmaniose cuténea, os antimoniais pentavalentes sdo a primeira op¢do de indicacdo
preconizado pela Organizacdo Mundial de Salde, porém ndo sdo muito bem aceitos e
apresentam uma série de efeitos adversos. Neste trabalho, neste trabalho buscou avaliar a
eficacia da Fotoquimioterapia Antiparasitaria de forma in vitro, como uma nova opcao para o
tratamento da leishmaniose cutanea. Para isto um semicondutor laser (A660nm, 40mW, 4,2 e
8,4 J/lcm?, CW) associado a derivados fenotiazinicos em duas concentracdes, 5 e 10 pg/ml,
contra as formas promastigotas de L. braziliensis com um periodo de pré-irradiacdo de 5
minutos. Ap6s 72h de incubados apds a fotoquimioterapia antiparasitaria, a viabilidade destes
parasitas foi analisada e a contagem dos parasitas viaveis foi realizada para se identificar o
percentual de letalidade da FQTAp. Né&o foi identificada letalidade dos compostos nas doses
testadas, assim como, da agdo isolada do laser, porém o composto azul de toluidina na
concentracdo de 10 pg/ml apresentou o melhor resultado.
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ABSTRACT

Leishmaniasis is a complex disease that affects more than 12 million people in 88 countries worldwide. Leishmania
(Viannia) braziliensis is the most common species in the Americas and the most important causative agent of
cutaneous and mucocutaneous leishmaniasis in Brazil. The therapeutic arsenal routinely employed to treat patients
with leishmaniasis is limited and unsatisfactory. For cutaneous leishmaniasis, pentavalent antimonials are the first
line therapeutic scheme recommended by the WHO. These compounds are highly toxic, poorly tolerated and their
effectiveness highly variable. In this work, a technique with, so far, an unknown disadvantage is discussed. The
aim of this study was to verify the effectiveness of PACT in vitro, as a new technique for the treatment of
Leishmaniasis. For this, semiconductor laser (A = 660nm, 40mW, 4.2J/cm?, CW) associated to phenothiazine’s
derivatives (5 and 10 pug/ml, TBO, Methylene Blue or Phenothiazine) on the promastigotes form of Leishmania
braziliensis in a single session was used. Viability of the parasites was assessed in quadruplicates of each group.
The samples were removed and analyzed in a hemocytometer 72h after PACT. We found an important decrease
in the number of viable parasites on all treated groups in comparison to their controls. The results of present study
showed significant percentage of lethality (above 95%) of the protocol. The 99.23% of lethality was achieved with
10 pg/ml of TBO. No lethality was seen on groups treated neither with laser nor with each compounds separately.
The results are promising and indicative that the use of PACT may be a powerful treatment of leishmaniasis when
compared to already available ones.

Key words: New Therapy- Leishimaniasis- Toluidine Blue O - Methylene Blue - Phenothiazine.

1. INTRODUTION

Antimicrobial Photodynamic Therapy (PACT) is a new technique-based on topical or systemic administration of
a nontoxic dye sensitive light followed by low dose irradiation with visible light of appropriate wavelength. In the
presence oxygen found in the cells, the photosensitizer (PS) system may react with molecules in its neighborhood
by electron transfer or hydrogen, leading to production of free radicals (reaction type 1) or by energy transfer to
oxygen (type Il reaction), leading to production of singlet oxygen. Both paths may lead to cell death and the
destruction of diseased tissue . Compared with other cytotoxic therapy, PACT has advantage of dual selectivity:
not only the PS may be directed to the cells or diseased tissue, but also the light may be precisely focused at the
lesion site>®. The procedure may be repeated several times, if necessary, since no toxic effects and is usually not
invasive. Also, because of their low risk, may be used in elderly or who are too weak for undergoing surgery *.

Photosensitizers are drugs that when combined with light in specific wavelength, produces reactive oxygen species
(ROS) and reactive nitrogen species (RNS), leading to cell death®®. When the aromatic molecules that are
stimulated by light energy, they suffer an electronic transition to the singlet excited state. Depending on the
molecular structure and environment, this molecule may lose its energy by physical or electronic, returning to its
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ground state, or may undergo a transition to its excited triplet state. At this stage the molecule may again suffer a
decay back to the ground state, and may suffer redox reactions with the environment, or your excitacional energy
may be transferred to other molecules of oxygen (also in triplet state) leading to the formation of labile singlet
oxygen®. Various photosensitizers (PSs) have demonstrated light-induced killing activities toward different cell
types; however, in dermatologic settings. Porphyrin, chlorin, and phenothiazine molecules demonstrated
significant antimicrobial PDT activity in vitro, some of which have been used in clinical practice in the treatment
of malignancies 7.

Phenothiaziniuns are blue dyes (max 600-660 nm) such as Methylene Blue (MB) and Toluidine Blue O (TBO).
The first report of its photodynamic action (against bacteriophages and viruses) appeared as early as 1930. Both
MB and TBO are used in surgical identification of abnormal cells at reasonably high concentrations (normally 1%
w/v) without causing human toxicity. TBO is known to be membrane active, since it causes increased permeability,
whereas MB causes strand breaks in this nucleic acid 5. Phenothiazine derivatives exhibit promising biological
activities such as anticancer, antiviral, anti-inflammatory, anticonvulsant, analgesic, immunosuppressive,
multidrug resistance reversal properties, antifungal, antimalarial, antifilarial, trypanocidal and leishmanicidal 8.

Leishmaniasis is a disease caused by protozoan parasites belonging to the genus Leishmania. The parasites are
transmitted by the bite of a tiny — only 2-3 mm long — insect vector, the phlebotomine sandfly. Leishmaniasis
threatens about 350 million men, women and children in 88 countries around the world. As many as 12 million
people are believed to be currently infected, with about 1-2 million estimated new cases occuring every year. The
disease may have a wide range of clinical symptoms, which may be cutaneous, mucocutaneous or visceral.
Cutaneous leishmaniasis is the most common form. Visceral leishmaniasis is the most severe form, in which vital
organs of the body are affected °.

Among several drugs used in the treatment of leishmaniasis, pentavalent antimonials, considered a gold standard
in the treatment, are known to be very toxic to humans. Pentavalent antimonials meglumine antimoniate and
sodium stibogluconate have been considered the first option of treatment of leishmaniasis and Amphotericin B is
the second drug of choice when there is no response to treatment with antimonials or when it is not possible to use
it. The efficacy of pentamidine, the third drug of choice, is less well known'°. Furthermore, as the drugs used in
treatment are expensive and their use is mostly limited in undeveloped and developing countries. Ineffectiveness
of drugs against several species of Leishmania is another disadvantage. For these reasons, new approaches in the
treatment of leishmaniasis are urgently needed ™.

The aim of this study was to investigate, in vitro, the possible antileishmanial effects of the use of Photodynamic
Antimicrobial Chemotherapy in Leishmania brasiliensis in culture

2. MATERIALS AND METHODS
2.1. Chemicals

Methylene Blue (MB) and Toluidine Blue O (TBO) were purchased from Sigma-Aldrich Corporation (Milwaukee,
WI, USA). Three compounds were used: MB, TBO and a 1:1 mixture of MB + TBO, here named as phenothiazine
- FTZ. The stock solutions were diluted in distilled water (10 or 20 pg / ml).

2.2. Culture Promastigotes forms

L. braziliensis (strain MHOM/BR/01/BA788 - cultivated and maintained by the Laboratorio Integrado
de Microbiologia e Imunoregulacdo) promastigotes were cultivated in Schneider's Insect Medium (Sigma
Chemical Co., St Louis, Mo, USA) supplemented with 20% heat-inactivated fetal bovine serum (Gibco, Carlsbad,
CA, USA), L-glutamine (2 mM), penicillin (100 U/ml), streptomycin (100 pg/ml) at 26 °C (Thermostat cabinets
— LS Scientific, Ikeja, Lagos, Nigeria) for 5-7 days when the parasites reached the stationary-phase. After reaching
the stationary-phase, the culture was sedimented by centrifugation (5810 R, Eppendorf, Hamburg, Germany, 10
min, 4°C, 4000 rpm), suspended in 1 mL of the same medium and quantified in a Neubauer chamber (LO -
Laboroptik GmbH, Friedrichsdorf, Germany) with the aid of a microscope (Nikon Eclipse E200, Melville, NY,
USA). Enough medium was added in order to adjust the parasitic concentration to 2 x 108 promastigotes/mL 2,

69



DESCOBERTA DE UMA NOVA ABORDAGEM PARA FOTOQUIMIOTERAPIA ... BARBOSA, AF.S.

2.3. Leishmanicidal activivity against Promastigotes

The determination of the leishmanicidal activity was performed in 96-well plates (Tesplate 96F - TPP,
Zollstrasse, Trasadingen, Switzerland). The compounds were tested in quadruplicate in two concentration 5 or 10
pg/mL. The parasitic concentration in the wells was that of 2 x 10® promastigotes/mL. A negative control was
performed with four wells containing only parasites and the incubation medium. After 72 h of incubation at 26°C,
10 pL of each well was diluted in 90 puL of the PBS and the parasites were quantified in a Neubauer chamber. The
data obtained from this quantification were plotted in a graph using Microsoft Excel and the values of the lethality
of the treated groups were obtained through the difference in percentage of viable parasites in the groups treated
with the amount of viable parasites in the control group.

2.4. Photodynamic Therapy

Metacyclic promastigotes were pre-incubated during 5 or 60 minutes, in darkness, with the different
concentrations of the photosensitizers in Schneider’s Drosophila medium (pH 7.2) with 10% FBS in 96-well plates.
After this pre-incubation, each well was irradiated by a Laser device (A = 660nm, 40mW, 4.2J/cm?, CW, TwinFlex,
MMOptics, S&o Carlos, Séo Paulo, Brazil). After 72 h of incubation at 26°C, 10 pL of each well was diluted in 90
pL of of the PBS and the parasites were quantified in a Neubauer chamber. The data obtained from this
quantification were plotted in a graph using Microsoft Excel and the values of the lethality of the treated groups
were obtained through the difference in percentage of viable parasites in the groups treated with the amount of
viable parasites in the control group.

2.5. Crystal Violet Toxicity Assay

One day after photochemotherapy, the culture media was removed from the wells (Tesplate 96F - TPP,
Zollstrasse, Trasadingen, Switzerland) and100uL of methanol was added and the plate, and incubated for 20
minutes at room temperature (25°C). Methanol was then removed from the wells, being added 50uL of Cristal
Violet Dye (0.5% Crystal Violet, 20% Methanol, 80% dH»0, Sigma-Aldrich Corporation (Milwaukee, W1, USA)
followed by incubation for 10 minutes at room temperature. After that period, the dye was removed and the wells
washed twice with tap water, followed by two immersions of the plate in a becker filled with tap water. To extract
de dye from the cells, 100uL of Sorenson’s buffer (SDS) was added in the wells and the plate was incubated in a
rotate shaker for 30 minutes. An ELISA - SpectraMax 190 Microplate Reader (Sunnyvale, CA, USA) plate reader
was used for the absorbance measurement at wavelength of 540nm

2.6. Statistical analysis

Statistical analysis was performed using the software Minitab14 (Minitab, Belo Horizonte, MG, Brazil) where the
ANOVA was used to test intergroup and for intragroup, we used the t-student test. The level of significance was
set at 95%.

3. RESULTS

On regarding the type of photosensitizer used we found that protocols using MB at 5 ng/ml showed significant
differences were observed between groups 4.2J/cm?/5min and 4.2J/cm?/60min (p < 0.001). When increasing the
concentration to 10 ug/ml, no significant differences were seen between group 4.2J/cm?/5 min and 4.2J/cm?/60min
(p >0.05).

When using TBO at 5 pg/ml, no significant differences were seen between groups 4.2J/cm?5min and
4.2)/cm?/60min (p > 0.05). Increasing the concentration to 10 ug/ml, no significant differences were observed
between groups 4.2J/cm?/5min and 4.2J/cm?/60min (p > 0.05).

Using the FTZ at 5 pg/ml, no significant differences were observed between groups 4.2J/cm?/5min and
4.2)/cm?/60min (p > 0.05). Increasing the concentration to 10 pg/ml, no significant differences were observed
between groups 4.2)/cm?/5min and 4.2J/cm?/60min (p > 0.05).
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Analyzing the energy density, we found that, using an energy density of 4.2J/cm?2 and incubation time of 5 minutes,
was found significant differences between groups MB 5Spg/ml and 10pg/ml (p < 0.001), TBO 5 pg/ml and 10
pg/ml (p < 0.001). Significant differences were also found between groups MB 5 pg/ml and TB 10 pg/ml (p <
0.001), MB 5pg/ml and FTZ 10pg/ml (p < 0.001), TB 5 pg/ml and MB 10 pg/ml (p < 0.001), TB 5 pg/ml and
FTZ 10 pg/ml (p < 0.001), and between groups FTZ Spug/ml and TB 10 pg/ml (p < 0.001), and FTZ 5 pg/ml and
FTZ 10 pg/ml (p = 0.02).

So the use of either 10 ug/ml of TBO or FTZ during 5 minutes prior irradiation with 4.2J/cm? A660nm laser light
was the best protocol used to kill Leishmania brasiliensis. When the incubation time was increased to 60 minutes,
all compounds were similarly effective.

4. DISCUSSION

Leishmaniases are protozoan parasitic infections transmitted to humans as well as several vertebrate species, by
phlebotomine sandflies and they are associated with three main types of disease manifestations: visceral,
cutaneous, and mucocutaneous, causing a broad spectrum of clinical conditions with different degrees of severity
depending on the tissue they invade (superficial [skin and mucous membranes] or deep [hematopoietic tissues such
as spleen, bone marrow, etc]) 3!4. The principal species causing cutaneous leishmaniasis (CL) in Brazil is
Leishmania braziliensis which most often leads to a cutaneous form of the disease characterized by one or more
ulcers with raised borders, most frequently located on the upper and lower extremities, but also found on the head,
face, and trunk 1516,

The drugs for the treatment of CL nevertheless, adverse effects have been reported since the first trials in affected
populations, including other vertebrates such as canines, being this toxicity mostly related to pancreatic and liver
damage 1"%°, Toxicity is due to an osmolarity increase in batches or emergence of free trivalent metabolites whose
presence should only be detected after the pentavalent fraction is processed by the effect of pH in the
parasitophorous vacuole within macrophages where it should arrive to exert its leishmanicidal function. Given
these adverse effects, the safety of pentavalent antimonial formulations is currently being subject of intense debate,
especially as the residual effects of these metabolites on other target organs are still ignored and previous reports
pointing out to a reduction in cellular populations such as polymorphonuclear cells; suggest that these formulations
are also potentially immunotoxic .

The present study investigated the antileishmanial effects of PACT, using phenothiazines derivates as
photosensitizer, against L. brasiliensis parasites using two different incubation times (5 and 60 minutes). It was
found that both 5 and 60 minutes of pre-irradiation resulted in antileishmanial effects by inhibiting growth,
metabolic activity, and infectivity of promastigotes in culture. It was also demonstrated that the antileishmanial
effect of both phenothiazines derivates and the Laser in (4.2)/cm?) used isolated did not present inhibition.
Inhibition was achieved when association of the Laser and the photosensitizer was used. Despite several previous
studies on the its antibacterial, antiviral, and antifungal activities, with phenothiazines & we were not able to find
any study on regards the antileishmanial effect of TBO on L. brasiliensis parasites.

The phenothiazines have established great affinity by the Trypanosomatideos 2°-?2. Trypanothione and
trypanothione reductase (TryR)-based redox metabolism found in Leishmania sp. and other trypanosomatids
exemplify the unique features of this group of organisms. Its absence in mammalian hosts, together with the
sensitivity of trypanosomes against oxidative stress, makes this enzyme a unique target for exploitation for
potential antileishmanial chemotherapeutics 2326, Trypanothione reductase (TR) was irreversibly inhibited
phenothiazine derivatives. The inactivation of TR depends on (a) of incubation with the phenothiazine derivatives
(b) the free radicals formed (c) and the concentration and structure of phenothiazine derivatives 2.

The main reason for using phenothiazine” derivatives in this study was their capacity to produce ROS and RNS,
when excited by laser, which Leishmania parasites are known to be susceptible to *. In PACT, a light-activated
molecule known as photosensitizer (PS) is used to generate cytotoxic reactive chemical species with spatial
specificity governed by both the localization of the PS itself and the delivery of light of a specific wavelength
required for therapeutic excitation of the PS 27, The Ps produce highly reactive hydroxyl radical species from Type
I PACT reactions and singlet oxygen species from Type Il PACT reactions. Both pathways may induce cell death.
Singlet oxygen is the predominant cytotoxic agent with a very short lifetime for highly localized tissue damage
restricted to the small region around photosensitizers 8. Hydroxy! radical species from Type | PDT reactions may
become more dominant when the photosensitizers are highly concentrated in a region, especially under hypoxic
conditions °. Cytotoxic photochemical and photobiological responses resulting from the interaction of these
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reactive species with tissues cause irreversible damage through direct cytotoxicity (necrosis and apoptosis),
vascular damage, inflammation, and immune host response .

The final cellular localization of photosensitizers is crucial to photodynamic efficacy. Due to the high activity and
short lifetime of the singlet oxygen, the damage induced by PACT is restricted to the area where photosensitizers
localize, usually the cellular membrane or subcellular membrane 2. The mitochondria, lysosomes, Golgi
apparatus, nucleus, and plasma membrane of tumor cells, as well as tumor vasculature have been evaluated and
considered as potential PACT and PDT targets 3. Photosensitizers localized at mitochondria or endoplasmic
reticulum induces apoptosis, while photosensitizers in the plasma membrane or in lysosomes tend to trigger
necrosis 3%. The localization of photosensitizers depends on multiple factors, including the structure and properties
of photosensitizers, the passive or active targeting strategy, whether a triggered release method is applied, and the
cell type 2832,

Important advantages of PACT over other therapies are that: (1) it is precisely targeted by selective illumination,
(2) it may be repeated at the same site if needed, (3) it has low morbidity, and (4) it is much less invasive than
surgery . Other evident advantage of PACT over other conventional treatments such as chemotherapy and
radiotherapy is its selective targeting and reduced toxicity 34,

Our results strongly suggest that phenothiazine derivatives have activity against Leishmania brasiliensis 3, In
this study, it was observed, that using a reduced pre-irradiation (5 minutes) and low energy density 4.2 J/cm? of
laser light, improved results were observed when compared to previously published PACT reports on Leishmania
338 The novelty and relevance of this study is the fact that that there is no significant difference between a long
period of pre-irradiation of parasites with a short time. In this case, the use shorter time, 5 minutes, instead of 60
minutes suggested in the literature 3538, Another advantage presented here is to use an energy density of 4.2 J/cm?,
well below the average reported 10J/cm? 35-3,
5. CONCLUSION

The results of the present investigation indicates that the use of the present protocol using a single application of
10 ug / ml of TBO, incubation time of 5 minutes and 4.2 J/cm? was efficient on killing of Leishmania brasiliensis.
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In vitro study of the Photodynamic Antimicrobial Therapy (PACT) against promastigotes
form of the Leishmania (Viannia) braziliensis: In Vitro Study

A leishmaniose é uma doenga parasitaria de importancia a sadde publica mundial pois é
edemica em varios paises. O tratamento da leishmaniose é dificil devido ao seu alto custo
financeiro, sua toxicidade sistémica e ao desenvolvimento do fenémeno de resisténcia dos
parasitas aos medicamentos. Por isto, o desenvolvimento de novas terapias para o tratamento é
muito importante. Neste trabalho, neste trabalho buscou avaliar a eficacia da Fotoquimioterapia
Antiparasitaria de forma in vitro, como uma nova opcao para o tratamento da leishmaniose
cutanea. Para isto um semicondutor laser (A660nm, 40mW, 4,2 e 8,4 J/cm?, CW) associado a
derivados fenotiazinicos em duas concentragdes, 5 e 10 pg/ml, contra as formas promastigotas
de L. braziliensis com um periodo de pré-irradiacdo de 60 minutos. Apds 72h de incubados
apos a fotoquimioterapia antiparasitaria, a viabilidade destes parasitas foi analisada e a
contagem dos parasitas viadveis foi realizada para se identificar o percentual de letalidade da
FQTAp. Néo foi identificada letalidade dos compostos nas doses testadas, assim como, da a¢éo
isolada do laser, porém a mistura de 1:1 do azul de metileno com o azul de toluidina na
concentracdo de 10 pg/ml apresentou o melhor resultado.
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ABSTRACT

Leishmaniasis, a protozoan parasitic disease that remains a major worldwide health problem with high endemicity
in developing countries. Treatment of Cutaneous Leishmaniasis (CL) should be decided by the clinical lesions,
etiological species and its potential to develop into mucosal leishmaniasis. High cost, systemic toxicity, and
diminished efficacy due to development of parasite resistance are the serious drawbacks of current treatment
options. Thus, identifying new, effective, and safer anti-leishmanial drug(s) is of paramount importance. The aim
of this study was to verify the effectiveness of PACT in vitro, as a new technique for the treatment of
Leishmaniasis. For this, semiconductor laser (A = 660nm, 40mW, 8.4J/cm?, CW) associated to phenothiazine’s
derivatives (5 and 10 pg/ml, TBO, Methylene Blue or Phenothiazine) on the promastigotes form of Leishmania
braziliensis in a single session was used. Viability of the parasites was assessed in quadruplicates of each group.
The samples were removed and analyzed in a hemocytometer 72h after PACT. We found an important decrease
in the number of viable parasites on all treated groups in comparison to their controls. The results of present study
showed significant percentage of lethality (above 92%) of the protocol. The 98.33% of lethality was achieved with
10 pg/ml of FTZ. No lethality was seen on groups treated neither with laser nor with each compounds separately.
The results are promising and indicative that the use of PACT may be a powerful treatment of leishmaniasis when
compared to already available ones.

Key words: New Therapy- Leishimaniasis - Toluidine Blue O - Methylene Blue - Phenothiazine.
1. INTRODUTION

Leishmaniasis threatens about 350 million people in 88 countries worldwide and 12 million people are
believed to be currently infected, with about 1-2 million estimated new cases occurring every year *. Leishmaniasis
is a disease caused by protozoan parasites belonging to the genus Leishmania. The parasites are transmitted by the
bite of a tiny — only 2-3 mm long — insect vector, the phlebotomine sandfly. Leishmania braziliensis is the etiologic
agent of American Cutaneous Leishmaniasis (ACL), which is characterized by its chronicity and the possibility to
metastasize leading to the muco-cutaneous clinical form 2.

Due to the lack of a safe and effective vaccine, chemotherapy has been the preferred alternative in the
control of this disease, particularly pentavalent antimonials, which have been used successfully in the treatment of
cutaneous lesions. Nevertheless, adverse effects have been reported since the first trials in affected populations,
including other vertebrates such as canines, being this toxicity mostly related to pancreatic and liver damage. Given

these adverse effects, the safety of pentavalent antimonial formulations is currently being subject of intense debate,
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suggest that these formulations are also potentially immunotoxic. Another important aspect associated to this
disease is the high economic burden imposed by its treatment on health systems 3.

PACT is a procedure characterized by the use of a photosensitizer (PS) and a light source of specific
wavelength. Photosensitizers are drugs that when combined with light in specific wavelength, produces reactive
oxygen species (ROS) and reactive nitrogen species (RNS), leading to cell death 5. In the presence oxygen found
in the tissues, the PS is excited by either Laser or LED light causing, by either by electron or hydrogen transfer,
the production and release of free radicals (reaction type I) or by energy transfer to oxygen (type Il reaction),
leading to production of singlet oxygen. Both pathways may lead to cell death and consequent destruction of
diseased tissue °.

Phenothiaziniuns are blue dyes (max 600-660 nm) such as Methylene Blue (MB) and Toluidine Blue O
(TBO). The first report of its photodynamic action (against bacteriophages and viruses) appeared as early as 1930.
Both MB and TBO are used in surgical identification of abnormal cells at reasonably high concentrations (normally
1% wi/v) without causing human toxicity. TBO is known to be membrane active, since it causes increased
permeability, whereas MB causes strand breaks in this nucleic acid #. Phenothiazine derivatives exhibit promising
biological activities such as anticancer, antiviral, anti-inflammatory, anticonvulsant, analgesic,
immunosuppressive, multidrug resistance reversal properties, antifungal, antimalarial, antifilarial, trypanocidal
and leishmanicidal 7.

The aim of this study was to investigate, in vitro, the increasing effects of the use of Photodynamic

Antimicrobial Chemotherapy in Leishmania brasiliensis in culture.

2. MATERIALS AND METHODS

2.1. Chemicals

Methylene Blue (MB) and Toluidine Blue O (TBO) were purchased from Sigma-Aldrich Corporation
(Milwaukee, WI, USA). Three compounds were used: MB, TBO and a 1:1 mixture of MB + TBO, here named as
phenothiazine - FTZ. The stock solutions were diluted in distilled water (10 or 20 pg / ml).

2.2. Culture Promastigotes forms

L. braziliensis (strain MHOM/BR/01/BA788 - cultivated and maintained by the Laboratorio Integrado
de Microbiologia e Imunoregulagdo) promastigotes were cultivated in Schneider's Insect Medium (Sigma
Chemical Co., St Louis, Mo, USA) supplemented with 20% heat-inactivated fetal bovine serum (Gibco, Carlsbad,
CA, USA), L-glutamine (2 mM), penicillin (100 U/ml), streptomycin (100 pg/ml) at 26 °C (Thermostat cabinets
— LS Scientific, Ikeja, Lagos, Nigeria) for 5-7 days when the parasites reached the stationary-phase. After reaching
the stationary-phase, the culture was sedimented by centrifugation (5810 R, Eppendorf, Hamburg, Germany, 10
min, 4°C, 4000 rpm), suspended in 1 mL of the same medium and quantified in a Neubauer chamber (LO -
Laboroptik GmbH, Friedrichsdorf, Germany) with the aid of a microscope (Nikon Eclipse E200, Melville, NY,

USA). Enough medium was added in order to adjust the parasitic concentration to 2 x 108 promastigotes/mL &,
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2.3. Leishmanicidal activivity against Promastigotes

The determination of the leishmanicidal activity was performed in 96-well plates (Tesplate 96F - TPP,
Zollstrasse, Trasadingen, Switzerland). The compounds were tested in quadruplicate in two concentration 5 or 10
pg/mL. The parasitic concentration in the wells was that of 2 x 10® promastigotes/mL. A negative control was
performed with four wells containing only parasites and the incubation medium. After 72 h of incubation at 26°C,
10 pL of each well was diluted in 90 pL of the PBS and the parasites were quantified in a Neubauer chamber. The
data obtained from this quantification were plotted in a graph using Microsoft Excel and the values of the lethality
of the treated groups were obtained through the difference in percentage of viable parasites in the groups treated

with the amount of viable parasites in the control group.

2.4. Photodynamic Therapy

Metacyclic promastigotes were pre-incubated during 5 or 60 minutes, in darkness, with the different
concentrations of the photosensitizers in Schneider’s Drosophila medium (pH 7.2) with 10% FBS in 96-well plates.
After this pre-incubation, each well was irradiated by a Laser device (A = 660nm, 40mW, 8.4J/cm?, CW, TwinFlex,
MMOptics, S&o Carlos, Séo Paulo, Brazil). After 72 h of incubation at 26°C, 10 pL of each well was diluted in 90
pL of of the PBS and the parasites were quantified in a Neubauer chamber. The data obtained from this
quantification were plotted in a graph using Microsoft Excel and the values of the lethality of the treated groups
were obtained through the difference in percentage of viable parasites in the groups treated with the amount of

viable parasites in the control group.

2.5. Crystal Violet Toxicity Assay

One day after photochemotherapy, the culture media was removed from the wells (Tesplate 96F - TPP,
Zollstrasse, Trasadingen, Switzerland) and100uL of methanol was added and the plate, and incubated for 20
minutes at room temperature (25°C). Methanol was then removed from the wells, being added 50uL of Cristal
Violet Dye (0.5% Crystal Violet, 20% Methanol, 80% dH-0, Sigma-Aldrich Corporation (Milwaukee, WI, USA)
followed by incubation for 10 minutes at room temperature. After that period, the dye was removed and the wells
washed twice with tap water, followed by two immersions of the plate in a becker filled with tap water. To extract
de dye from the cells, 100uL of Sorenson’s buffer (SDS) was added in the wells and the plate was incubated in a
rotate shaker for 30 minutes. An ELISA - SpectraMax 190 Microplate Reader (Sunnyvale, CA, USA) plate reader

was used for the absorbance measurement at wavelength of 540nm

2.6. Statistical analysis
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Statistical analysis was performed using the software Minitab14 (Minitab, Belo Horizonte, MG, Brazil)
where the ANOVA was used to test intergroup and for intragroup, we used the t-student test. The level of

significance was set at 95%.

3. RESULTS

From Crystal Violet toxicity assay, we observed that MB and TBO presented a very similar pattern of
toxicity. When compared to control group, both have a trend to decrease the cells viability along with concentration
increasing, although this effect was showed to be significant only at 20pug/ml. Thus, concentrations below these
level were chosen from both phenotiazines for PACT assays.

On regarding the type of photosensitizer used we found that protocols using MB at 5 pg/ml showed
significant differences were observed between groups 8.4J/cm?/5min and 8.4J/cm?/60min (p < 0.001). When
increasing the concentration to 10 ug/ml, significant differences were seen between group 8.4]J/cm?/5min and
8.4J/cm?/60min (p < 0.001) (TABLE 1).

Incubation Time (min) / Energy Density (J/cm2)
Photosensitizer(ug/ml)
5/8.4 60/8.4
MB -5 93.89% 95.59%
TBO-5 92.59% 97.11%
FTZ-5 93.89% 96.67%
MB - 10 92.59% 96.67%
TBO-10 93.15% 97.11%
FTZ-10 93.33% 98.33%

TABLE 1: Percentage of lethality

When using TBO at 5 ug/ml, significant differences were seen between groups 8.4J/cm?/5min and
8.4J/cm?/60min (p < 0.001). Increasing the concentration to 10 pg/ml, no significant differences were observed
between groups 8.4J/cm?/5min and 8.4J/cm?60min (p < 0.001).

Using the FTZ at 5 pg/ml, significant differences were observed between groups 8.4J/cm?/5min and
8.4J/cm?/60min (p < 0.001). Increasing the concentration to 10 pg/ml, significant differences were observed
between groups 8.4J/cm?/5min and 8.4J/cm?/60min (p < 0.001).

Analyzing the energy density, we found that, using an energy density of 8.4J/cm? and incubation time of
10 minutes, was found significant differences between groups MB 5Spg/ml and 10pg/ml (p < 0.001), TBO 5 pg/ml
and 10 pg/ml (p < 0.001). Significant differences were also found between groups MB 5 pg/ml and TB 10 pg/ml
(p <0.001), MB 5pg/ml and FTZ 10pg/ml (p < 0.001), TB 5 pg/ml and MB 10 pg/ml (p < 0.001), TB 5 pg/ml
and FTZ 10 pg/ml (p < 0.001), and between groups FTZ Sug/ml and TB 10 pg/ml (p < 0.001), and FTZ 5 pg/ml
and FTZ 10 pg/ml (p < 0.001).

So the use of either 10 pg/ml of FTZ during 60 minutes prior irradiation with 8.4J/cm? A660nm laser light

was the best protocol used to kill Leishmania brasiliensis in the study.
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4. DISCUSSION

Leishmaniasis is caused by parasitic protozoa of the genus Leishmania. Humans are infected via the bite
of phlebotomine sandflies, which breed in forest areas, caves and adobe brick houses where most of the
transmission to humans takes place. There are four main types of the disease: Cutaneous, Diffuse Cutaneous,
Mucocutaneous and Visceral (kala azar). In cutaneous forms, skin ulcers usually form on exposed areas, such as
the face, arms and legs. These usually heal within a few months, leaving scars °.

There is currently no satisfactory treatment for any form of CL. Many treatment regimens are associated
with significant failure rates and considerable toxicity. Relapses are common and there are increasing reports of
drug resistance emergence. Pentavalent antimonials (i.e. Sodium stibogluconate or meglumine antimonite) are
given as first-line drugs through a series of intramuscular, intravenous, or intralesional injections. These drugs
have serious side effects, require long treatment, are not affordable for most patients and are difficult to administer
in poor rural areas. Alternative treatments as Liposomal amphotericin-B, which is efficacious in VL, has not been
fully tested on CL caused by the target parasites described above. Even if efficacious, it cannot be deployed widely
because of cost and delivery requirements. Miltefosine, developed for VL, is potentially teratogenic and has side
effects that make it unsuitable to treat CL. Other treatments, such as thermotherapy and cryotherapy are being
used in certain clinics, but these treatments are expensive °.

Recently, a new technique has been studied for the treatment of leishmaniasis %1212, which we will call
this paper Photodynamic Antimicrobial Chemotherapy (PACT). PACT is a potentially applicable, safe and
affordable option for treating patients suffering from many conditions being an attractive option to the use of
conventional antimicrobial chemotherapy 4. PACT neither induces resistant strains nor demands multiple sessions
of treatment 15 8,

PACT is a procedure characterized by the use of a photosensitizer (PS) and a light source of specific
wavelength. In the presence oxygen found in the tissues, the PS is excited by either Laser or LED light causing,
by either by electron or hydrogen transfer, the production and release of free radicals (reaction type I) or by energy
transfer to oxygen (type Il reaction), leading to production of singlet oxygen. Both pathways may lead to cell death
and consequent destruction of diseased tissue 7.

The methylene blue (MB) and toluidine blue (TBO) are photosensitizing phenothiazine accepted at the
practice medical and demonstrated in studies in literature. Exhibit intense absorption of 600-660nm, region of the
spectrum useful in PACT to be in the "therapeutic window" required for efficient penetration of light in tissues
1819 Although its properties physycal and chemical are similar the efficiency photodynamic of compounds, varies
between the several microorganisms 2. The use of staining agents such as MB and TBO in the analysis of the
pathology of the microbially diseased state is well established, as mentioned above 2.

The present study investigated the antileishmanial effects of PACT, using phenothiazines derivates as
photosensitizer, against L. brasiliensis parasites using two different incubation times (5 and 60 minutes). It was
found that both 5 and 60 minutes of pre-irradiation resulted in antileishmanial effects by inhibiting growth,
metabolic activity, and infectivity of promastigotes in culture. It was also demonstrated that the antileishmanial
effect of both phenothiazines derivates and the Laser in (8.4J/cm?) used isolated did not present inhibition.
Inhibition was achieved when association of the Laser and the photosensitizer was used. Despite several previous

studies on the its antibacterial, antiviral, and antifungal activities, with phenothiazines ?? we were not able to find
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any study on regards the antileishmanial effect of TBO on L. brasiliensis parasites.

The final cellular localization of photosensitizers is crucial to photodynamic efficacy. Due to the high
activity and short lifetime of the singlet oxygen, the damage induced by PACT is restricted to the area where
photosensitizers localize, usually the cellular membrane or subcellular membrane 23, The mitochondria, lysosomes,
Golgi apparatus, nucleus, and plasma membrane of tumor cells, as well as tumor vasculature have been evaluated
and considered as potential PACT and PDT targets 2. Photosensitizers localized at mitochondria or endoplasmic
reticulum induces apoptosis, while photosensitizers in the plasma membrane or in lysosomes tend to trigger
necrosis 2*. The localization of photosensitizers depends on multiple factors, including the structure and properties
of photosensitizers, the passive or active targeting strategy, whether a triggered release method is applied, and the
cell type 2335,

Our results strongly suggest that phenothiazine derivatives have activity against Leishmania brasiliensis
26,27 |n this study, it was observed, that using a reduced pre-irradiation (60 minutes) and low energy density 8.4
Jlem? of laser light, improved results were observed when compared to previously published PACT reports on

Leishmania %2,

5. CONCLUSION

The results of the present investigation indicates that the use of the present protocol using a single
application of 10 ug / ml of FTZ, incubation time of 60 minutes and 8.4 J/lcm? was efficient on killing of

Leishmania brasiliensis.
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4. DISCUSSAO

No inicio deste trabalho, nao se tinha conhecimento da ac¢ao do laser vermelho (A660nm)
sobre as espécies T. cruzi e L. braziliensis. Inicialmente buscou-se observar quais os efeitos que
0s parasitos apresentariam apds a irradiacdo com um laser de baixa poténcia. Com base nos
parametros de laser que 0 nosso grupo utilizava contra bactérias, iniciou-se as pesquisas com a
forma epimastigota de T. cruzi, utilizando um laser semicondutor InGaAlP (A660nm, 30mW, 6
Jiem? CW).

Apos a irradiacdo de uma cultura de epimastigotas de T. cruzi, foi observado alteracdes
na morfologia dos parasitos. O grupo irradiado perderam sua forma alongada e de cinetoplasto
tipico além de um movimento flagelar caracteristico, passando a apresentar-se mais
arredondado, com um complexo cinetoplasto-mitocondria bem mais denso e desenvolvido em
relacdo ao controle e com uma movimentagéo flagelar mais agitada.

Ao longo da década de 80, a pesquisadora Tiina |. Karu, mostrou as bases para a
compreensdo dos mecanismos moleculares subjacentes aos efeitos da luz de baixa intensidade
em sistemas biologicos (KARU, 1982; KARU, 1983a; KARU, 1983b). Sabes-se da existéncia
da acdo de um mecanismo foto-bioldgico que regula a energia luminosa na cadeia respiratéria
de enzimas eucariotas e procariotas, como a citocromo ¢ oxidase localizada na mitocondria,
com a cadeia respiratéria terminal, atuando como fotorreceptores. A resposta celular ocorrem
primariamente nas reac6es da cadeia respiratdria e em seguida, no citoplasma e/ou nucleo da
célula (KARU, 2005). Alguns dos efeitos de fotoestimulacdo em sistemas bioldgicos séo: o
aumento da taxa de proliferacdo célular, 0 aumento da taxa de sintese de fibroblastos e producao
de colagéno, 0 aumento da taxa de sintese de RNA e DNA, aumento da sintese de ATP, entre
outras (KARU, 1987; TAKAHASHI, 1992; CONLAN, 1996; YU, 1997; VINCK, 2003;
KARU, 2005).

Estes diferentes mecanismos de interacdo da luz com os sistemas biolégicos podem
levar a resultados similares aoda estimulagédo do estado redox mitocondrial direcionando a uma
maior oxidacao. E discutido ainda, qual dos mecanismos é realmente ativado, pois, dependendo
da situacdo, a dose de luz ou a intensidade, pr exemplo, podem favorecer um ou a outro
mecanismo (KARU, 2003). No mecanismo primario nédo se esta bem estabelecido a rota para a
geracdo do oxigénio singleto. O mecanismo secundario é responsavel pela ligacdo entre a
resposta & agdo da luz pelos fotorreceptores, localizados nas mitocéndrias, e 0s mecanismos de

sintese de DNA e RNA, localizada no nucleo, ou outros fenémenos de outros componentes da
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célula. Existem diferentes processos regulatérios associados ao controle dos niveis de foto-
receptores de ATP intracelular, fatores de transcricdo sensiveis ao estado redox celular, ou
cascatas de sinalizacdo da homeostase celular no citoplasma através da membrana celular para
0 nucleo (KARU, 2003).

Foram observadas alteragdes morfoldgicas e estruturais causadas por diodo laser 660nm
nas formas evolutivas epimastigotas de Trypanosoma cruzi. Um maior volume do nucleo e do
complexo mitocndria-cinetoplastico pode ser observado quando comparado os parasitas
irradiados com os parasitas sem tratamento luminoso. O corpo dos parasitas tratados com o
laser também apresentaram alteracdes em sua forma tipica, passando de uma forma mais
alongada a uma mais arredondada. A mobilidade também foi afetada, com os parasitas tratados
movimentando-se sensivelmente menos do que o grupo de controle.

Em seguida, buscamos verificar se a Fotoquimioterapia Antiparasitaria também
funcionaria contra parasitos. Para isso, utilizou-se de um laser semicondutor de InGaAlP
(A660nm=+10nm; 30mW; 4 Jicm? CW) associado ao azul de metileno, em diferentes
concentragdes, como fotossensibilizador contra a forma infectante do T. crui.

Primeiro, testou-se a citotoxicidade do composto azul de metileno contra células
esplénicas de camundongo do tipo BALB/c através da técnica de incorporacdo da Timidina
tritiada usando um contador de radiacdo B. Foi realizada uma dilui¢ao de oito concentragdes
(100 — 0,025 pg/ml). A toxicidade dos composto foi determinada comparando o percentual de
incorporacdo da timidina das células presentes nos pogos tratados com o percentual de
incorporacdo da timidina das células dos pog¢os ndo tratados com o azul de metileno. Foram
consideradas concentracdes atoxicas, aquelas que apresentaram uma reducdo de incorporagao
inferior a 30%. Neste ensaio, foi verificado que a toxicidade do azul de metileno seria de 1
pg/ml.

Varios autores tém publicado sobre a capacidade de derivados fenotiazinicos inativarem
algumas enzimas de tripanossomatideos, como por exemplo a tripanotiona redutase e a
Superoxido desmutase (ALVES, 1983; FERREIRA, 2006; WAINWRIGHT, 2007,
BUCHHOLZ, 2008)

Em seguida, realizou-se a Fotoquimioterapia Antiparasitaria diluindo-se o azul de
metileno em seis concentracdes a partir de 0,78 pg/ml (concentragdo atdxica) até 0,025 pg/ml,
associado ao laser (A660nm=10nm; 30mW; 4 J/cm?; CW). Para se determinar a atividade anti-
proliferativa da técnica, avaliou-se a agdo de forma isolada do laser, dos compostos sem

irradiacdo nas doses supracitadas, e com a fotoquimioterapia contra cultura de tripomastigota
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de T. cruzi. Os resultados demonstraram que tanto o laser como 0s compostos sem serem
irradiados ndo apresentaram efeito significativo contra tripomastigotas de T. cruzi. Porém ao se
realizar a FQTAp, houve uma reducdo da quantidades de parasitos na cultura tratada quando
comparado ao grupo controle sem tratamento, demonstrando a acdo da FQTAp contra
tripomastigotas de T. cruzi.

Posteriormente realizou-se novos experimentos com uma outra espécie de
tripanossomatideos, a L. braziliensis. Neste proximo passo do trabalho, buscou-se avaliar a agdo
da FQTAp contra os parasitos causadores da leishmaniose cutanea. Para isto, utilizou-se de um
semicondutor laser (A = 660nm, 40mW, 4,2 e 8,4 J/cm2, CW) associado a duas concentragdes
de derivados fenotiazinicos (azul de metileno e azul de toluidina) contra a forma promastigota
de L. braziliensis.

Inicialmente, realizou-se mais dois diferentes ensaios de citotoxicidade dos compostos.
No primeiro ensaio, determinou-se a toxicidade do azul de metileno e do azul de toluidina,
através da coloracdo por cristal violeta incorporados aos parasitas viaveis apds os tratamentos,
e 0 segundo experimento, através da degradacdo do Alamarblue, onde os parasitas viaveis, em
através de seu metabolismo, realizam reacbes de REDOX com o Alamarblue, gerando
alteracdes de cor e fluorescéncia nos pogos testados. Para a  citotoxicidade, o0s
experimentos demonstraram que ambos 0s compostos sao atdxicos em concentracdes inferiores

a 20 pg/ml ou 25 pM.

Por fim, avaliou-se o efeito da anti-proliferativo da FQTAp contra os parasitos de L.
braziliensis. Foram utilizadas apenas duas concentracdes dos compostos azul de metileno e azul
de toluidina, 5 pg/ml e 10 pug/ml de cada. Estas concentragdes foram testadas sem a irradiacao
(fase escura), e ndo demonstrou nenhuma reducdo da quantidade de promastigotas de L.
braziliensis. Em seguida, uma luz laser de forma isolada foi aplicada sobre a cultura dos
parasitas para avaliar o a energia entregue alteraria a quantidade de parasitas, porém nenhuma
alteracdo de contagem foi observada quando utilizou-se um laser (A660nm, 40mW, 4,2 ou 8,4
Jlem?, CW) em relagdo ao grupo controle. O proximo passo foi realizar a FQTAp. Incubou-se

0s parasitos com as concentragdes de 5 pg/ml e 10 pg/ml de ambos os fotossensibilizadores,
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seguido de um tempo de pré-irradiagédo de 5 ou 60 minutos para em seguida realizar a irradiagdo
com o laser variando a dose de energia entregue entre 4,2 e 8,4 J/cm?,

Ao se analisar os resultados, em um tempo de pré-irradiacdo de 5 minutos, 0s
tratamentos com uma energia de 4,2 J/cm? apresentaram-se melhores que quando tratados com
8,4 J/cm?, tendo a concentragdo 10 pg/ml do azul de toluidina demonstrado o melhor resultado.
Ao se analisar os resultados dos experimentos com um periodo de pré-irradiacdo de 60 minutos,
os percentuais de letalidade foram um pouco maiores que os tratados com um periodo de pré-
irradiacdo de 5 minutos, porém ndo se encontrou diferenca estatistica significante entre estes
valores. Desta forma, como ndo existe uma diferenca estatistica significativa para se justificar
a utilizacdo de um periodo de pré-irradiacdo de 60 minutos, optamos por um periodo menor de
pré-irradiacdo para que o tratamento seja mais rapido. Ja quando a energia do laser foi avaliada,
também ndo foi observado um aumento significativo da letalidade com uma dose de 8,4 J/cm?.

Em suma, o melhor pardmetro encontrado para o tratamento das formas promastigotas
de L. braziliensis seria a incubacéo dos parasitas com 10 pg/ml de azul de toluidina seguido por
um periodo de pré-irradiagio de 5 minutos e a irradia¢cio com uma dose de 4,2 J/cm? com uma
laser (A660nm, 40mW, 4,2 ou 8,4 J/cm?, CW).
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5. CONCLUSOES

e Apo0s os experimentos apresentados, os compostos MB e TBO apresentaram atividades
fotossensibilizante contra os parasitos de T. cruzi e L. braziliensis nas concentragdes
atoxicas testadas;

e A melhor condicédo de energia a ser entregue configurou-se em:

v" Laser Vermelho: 660nm

Poténcia de Saida: 40 mW

Frequéncia: 50-60Hz

Modo Continuo (CW)

Fluéncia: 4J/cm?

ASEENEE NI NEEN

Tempo: 120 segundos

¢ A fototerapia empregada ocasionou alteracdes morfo-estruturais em Trypanosoma cruzi.

e A energia empregada ndo ocasionou inibicdo ou estimulacdo na proliferacéo parasitaria de
T. cruzi e L. braziliensis.

e Os compostos apresentam-se atoxicos em concentracoes inferiores a 20 pg/mL ou 25 uM.

e Em situacdo in vitro, para L. braziliensis o composto TBO em sua concentragédo de 10ug/mL
associado a configuracdo do laser previamente descrita apresentou o melhor percentual de
letalidade nos experimentos testados.

e Em situacdo in vitro, para T. cruzi o0 composto MB apresentou um IC50 de 0,4607 uM
associado a configuracdo do laser previamente descrita, sendo desta forma bem menor que
0 IC50 da farmaco padrao de tratamento Benzonidazol (3,8 uM).

e Em infeccles intracelulares, a Fotoquimioterapia Antiparasitaria apresentou efetividade
contra as formas amastigotas de T. cruzi, quando comparado a quimioterapia tradicional com

0s candidatos a fotossensibilizadores.

Com base em todos os resultados sob os mais diversos parametros avaliados pode-se
demonstrar a eficacia dos derivados fenotiazinicos como excelentes fotossensibilizadores a
serem utilizados na Fotoquimioterapia Antiparasitaria contra os parasitos de Trypanosoma
cruzi e Leishmania braziliensis. Os compostos apresentaram Indices de seletividade
satisfatorios, isto €, as concentragdes utilizadas na técnica possuiam valores muito abaixo das
maiores concentragdes atoxicas testadas. A potencializacdo da letalidade pela FQTAp também
pode ser demonstrada contra as varias formas evolutivas dos parasitos. Com todos esses
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resultados positivos, a FQTAp revela-se promissora para ensaios clinicos contra a doenga de
Chagas e a Leishmaniose cutanea.
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6. PERSPECTIVAS

Como perspectivas, nos temos:

Analises in vivo contra Leishmania braziliensis — Leishmaniose cutanea;
Analises Clinicas contra Leishmania braziliensis;
Avaliagéo in vitro contra Trypanosoma cruzi;

Desenvolvimento de dispositivo para irradiacdo clinica.
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8.1. RESULTADOS COMPLEMENTARES PARA TRYPANOSOMA CRUZI

Os critérios utilizados para a escolha das formas amastigotas intracelulares e
tripomastigotas deveu-se a sua importancia na infeccdo de humanos. Seguiu-se uma ordem para
0s experimentos, dividindo-se os estudos in vitro em duas etapas.

A primeira etapa consistiu em avaliar o efeito dos compostos contra as formas
tripomastigota e amastigota intracelulares. Nesta etapa, foi feita a administragéo dos compostos,
de forma isolada, sobre os parasitas, monitorando-se os efeitos sobre as formas tripomastigota
e amastigota. Os valores médios das concentrac6es utilizadas foram de, no maximo, 10 uM. Foi
realizada uma diluicdo seriada até a obtencdo de concentracfes inferiores até 0,002 uM,
buscando determinar se a reducdo dos parasitas seria superior a aquela obtida com o uso do
Benzonidazol, droga padrdo usada atualmente no tratamento da patologia.

A segunda etapa consistiu na determinacdo do indice de Seletividade — SI, o qual é
determinado com base na relagéo do valor de ICso na célula hospedeira, dividido pelo valor de
ICso do parasita. A determinacdo do indice de seletividade (SI) foi realizada através do calculo
da relacdo do valor de ICso das células hospedeiras dividido pelo valor de ICso do parasita,
testada através do protocolo AlamarBlue™ , utilizado para avaliar a toxicidade para as células
hospedeira. Os compostos que causaram morte celular < 50% foram utilizados na etapa
seguinte.

Os testes de atividade anti-Trypanosoma cruzi contra a forma tripomastigota, em sua
fase escura, isto é, sem a utilizacdo da fonte de luz, avaliou a agdo isolada dos compostos. Os
resultados demonstraram eficacia contra os parasitas e apresentaram valores de ICso inferiores
ao ICso do Benzonidazol (BZ), droga padrdo no tratamento da doenca de Chagas
(aproximadamente 3,8 pM). Os compostos testados MB e TBO apresentaram, respectivamente,
ICso de 2,59 e 1,21 uM, respectivamente.

Quando foi realizada a FQTAp proposta, foram encontrados valores ainda menores de
ICso. Utilizando-se de uma densidade de energia fixa (J/cm?) para excitar os compostos, foi
possivel reduzir os valores de 1Csg encontrados na fase escura do experimento. Foi verificado
que esta densidade de energia usada de forma isolada sobre os parasitas, ndo alterou a populagéo
de parasitas, ndo interferindo de forma inibitéria ou estimulatdria na cultura durante o tempo
experimental. Os novos valores de ICso apds a FQTAp foram respectivamente para 0S

compostos MB e TBO de 0,4607 e 1,148 uM. Estes valores demonstram um percentual de
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reducdo da ordem de 82,21 e 5,78. A reducdo ocorreu devido ao efeito que a luz utilizada
produziu nos compostos, demonstrando assim a eficacia da FQTAp sobre os parasitas.

Outro importante critério na busca por compostos ativos, contra os parasitas de T. cruzi,
com potencial terapéutico é sua baixa toxicidade para células de mamiferos. Os compostos MB
e TBO foram testados na fase escura e ndo demonstraram nenhum efeito citotoxico as células
testadas (esplendcitos) em concentracBes até 25 uM, através do método do Alamablue,
(Romanha e colaboradores, 2010). Ao se realizar a FQTAp, os compostos MB e TBO
continuaram exibindo um ICso, para células de mamiferos, superior a 25 pM (Tab.1). O efeito
citotdxico da fonte de luz também foi avaliado, e na densidade de energia utilizada, ndo foi

identificado nenhum efeito citotoxico sobre as células de mamiferos.

MB TBO

LCs0 escuro >25 uM >25 UM

1C50 tripo escuro 2,59 UM 1,21 uM

indice de seletividade >9.65 >20.66

FQTAp

LC50 FQTAp >25 uM >25 uM

1Cs0 tripo FQTAp 0.4607 uM 1.148 uM

indice de seletividade >54.34 >21.77

Tabela 1: indice de Seletividade dos compostos em sua fase clara e escura

No ensaio utilizando a forma amastigota intracelular, macréfagos foram infectados com
tripomastigotas para a transformacédo em amastigotas. Dois experimentos foram realizados para
avaliar a atividade potencial dos compostos contra amastigotas intracelulares. O primeiro se
baseou na administracdo isolada dos compostos sem a excitacdo com a fonte de luz. Foram
escolhidas concentracdes que ndo apresentaram nenhuma atividade contra esta forma
especifica. Ao avaliar-se o efeito dos compostos sobre os parasitos intracelulares, verificou-se
um percentual de reducdo inferior a 10% para os compostos MB e TBO. Os dados demonstram
também que 0s compostos apresentam certa capacidade em reduzir a quantidade de células

infectadas.
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Verificou-se que apds o tratamento, houve um percentual de reducdo de infec¢do de
macrofagos de 35,96 e 44,94 para os compostos MB e TBO respectivamente. Assim, 0S
compostos nas concentracdes testadas nao reduziram, de forma acentuada, a quantidade de
amastigotas, porém foram capazes de reduzir a quantidade de células infectadas. Isto pode ser
indicativo de alteracBes morfofisioldgicas que podem ter reduzido o potencial infectante dos
parasitos.

Quando foi realizada a FQTAp proposta contra amastigotas intracelulares, as
concentracgdes testadas na fase escura foram também utilizadas para avaliar o seu possivel efeito
tripanocida. As concentracdes testadas foram de 0,04 e 0,078 uM para os compostos MB e TBO,
respectivamente. Os percentuais de reducdo da quantidade de amastigotas foram superiores a
73% para estas concentracdes, o que demonstram um efeito importante da FQTAp sobre os
amastigotas.

Ao se avaliar o percentual de reducdo de células infectadas, os resultados mostraram
uma redugéo superior a 52% . Neste experimento, um fato inesperado foi o feito da luz utilizada
sobre os macrofagos. Foi evidenciado que a luz sozinha apresentou tanto uma reducdo na
guantidade de amastigotas intracelulares, quanto na quantidade de macréfagos infectados.
Foram observadas alteragdes morfoldgicas, ndo demonstradas em imagem, nos macréfagos
irradiados. Possivelmente, existe uma estimulagdo dos macréfagos pela luz, que de alguma
forma aumenta sua atividade contra os parasitas.

Quando se comparou a infeccdo de amastigotas intracelulares tratados com a FQTAp
com os tratados apenas com 0s compostos, verificou-se uma melhora da atividade quando
comparados todos os compostos. A FQTAp utilizando o composto MB apresentou um aumento
de aproximadamente 75% na reducdo da quantidade de amastigotas. O composto TBO
apresentou um aumento de aproximadamente 65% quando comparado a sua acdo isolada na
fase escura.

Ao se analisar o percentual de reducdo da quantidade de células infectadas, a FQTAp
também apresentou valores melhores do que os obtidos na fase escura. A FQTAp utilizando o
composto MB apresentou um aumento de aproximadamente 16% e o TBO apresentou uma

reducdo de aproximadamente 20% quando comparados as suas ac¢des isoladas na fase escura.
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8.2.Anexos: Demais Artigos Publicados
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Abhstma- 'Wa carried out & hisiological analysis on bona
defects grafted with minaral trimdde sggregais (MTA] tmaisd
or not with lasar, bona morphoganatic profsin (BMPL and
guided bona raganaration |GBRL. Banofits of tha use of MTA,
lxsor, BMIPs, and GBR on bona ropair are wall bnown, but
thara is no napwt on thair association with lasor light. Ninaty
rots weors divided into 10 groups each subdivided into 3
Defacts on G il and | wars fillad wath tha blood clot G Il was
furthar irradisted with LED. G il and I weers fillsd with MTA
G IV was furthar irresdisted wath leser. G Y and VI, the defects
fillad with MTA and covorsd with & mambrana GERL. G VI
wins furthar irmdisied with lesar. G VIl and Vi, EMPs weors
added 1o tha MTA and group Villl further irrediaind with lasar.
G iIX and X, tha MTA & EMP graft wes covarad with a mam-

brana {GEK]. & X was futher irredisted with lassr. Lasar light
o= 350 nm, 150 miL -I-J.'r_mil was apmliad owar tha dofact
ot &5-h infarvals and repasted for 15 deoys. Spocimans wena
processed, cut and sained with HE&EE and Sirius rod and
undersent histological analysis. Subjoects on group X wena
irradisimd Tha resulls showsd difforant tissus responss on
all groups during the @ xpe rimental time. #Major changes wena
saan on iradisted subjects and included marked deposition
of new bone in advanced maturstion. It is concluded that
naar infrared lasar phowtharapy improved the resuls of the
usa of tha MTA on bona dofeds. © 2011 ¥y Parodeals, b
oJ BEormend Mabed Pas Panm A 984 2221 201,

ey Words: biomatarial, LLL T, minaral frioxida aggragata

INTRODUCTION

The treatment of hane defed=s using biomaterials has besn
extemsively studied in the dental field"™ Sinee the pionser
warrk by Urist, who demonstrated hetermtmophic formation of
hone induced by devitlized deminemlzed bone matric, a
new passibility of treating bone defects was established. De-
minemlized bone matriv has osteainductive pmperties due
o the presence of soluble growth factors on its cn:rn]:l:ls'tim.'
Bone loss may be a result of several mthologies, trauma, or a
mmeeguence of sungial prooesdures. This aspect led to echen-
sive studies on the prooes of bone remir worddwide. Seeeral
edhniques for the treatment of bone defects have heen pm-
po==d, indwding the use of severml types of grafl, mem-
branes, and the ssociation of hoth E=chnigues?

Minel trimdde aggregate [(MTA] is a powder aggregats,
mmzining mineral mddes that hawve no cytotoxicity and
good hinlogical regpomme It stimulstes tissue repair by
inreasing cellular adhesion, growth, and pmliferaton at its
surface. The wme of MTA has besn shownm ®© cause an

Corpaipon danos e A L B Parsio; e-na . o/ e o b

overgmwth of cementum and on fadlitating the regenem-
tion of the perindontal igament 2 well as the deposition of
new bane™27

Previous histological reports have indicated that new
bone or cementum is formed adiaeent o MTA when it is
pazd in contact with the periodontal tisue or in artifidal
bone defeds ™4 |t has antibacterial properties™
enhances tissue dissolution, and inducess hone formatian.

Previous shudies suggested that the rise of ph
induced by calcium hydmxide mmbined with the availabil-
ity of Ca®* and OF jons has a stimulating efect on hone
mineral zation ="

Guided hone regenemtion [GER) is a pmosdure hased
upan the guided tisse regenemation Edchnique, which is a
perindontal surgicl pmoeture, which has heen imed in the
dental clinicl practios for more than a decade %™ This
procedure is used as 3 way to stimulate wound healing and
o favor the regenemtion of tooth supporting structures !
k= prindples were based upon the selective penmeahbility
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provided by the use of membranes on the isolation of tis-
sues, essential for bone repair Previous studies have dem-
anstrated that sudh regenestion may ocour following this
]r\-nnudumﬂ'u The use GER associated to the use of hioma-
trials has been considered to be hensfidal for the healing
aof beanes

ur previous resuls indicate that near infrared bser
phototherapy [NIR LFT) is effective o improve bone remir
mainly due to its good penstration on tissues when oom-
pared to visible laser light The wse of laser photothempy
[IPT) on studiss involving hone healing has been a hot
wpic tely and many of them hawve demonstated positiee
me=ults, inclhuding its association to hiomaterials T4

We hawe shown that the impmowvement of bone neofor-
mation and maturation, on imradiated subjects, is amociated
o the inoexsed deposition of @ldum hyd mxyapatite [CHA)
during early stages of healing. The maturation of the newly
formed bone prolably represents an increzsed capacity of
seeretion by osteohlasts on iredisted subjects 1t is weell
amepted that the deposition of CHA represents bone matu-
ration Large amounts of HA on hane are indictvwe of a
mare resistant and calcified bone 7%

It is lmarwn that LPT has the ahility to stimulste oell
praliferation, including fibmblasts, which hawve the capacity
o secrete oollsgen, the main organic component choereed
during hone :|'\-:]:|n:|:i:'.:':""I=

Dempite the grmwing succesful applimton of the LPT an
bone repair, there are a few studies asseming the aocia-
fion of the liser light with hiomateria]s 843

Although =eveml reports have suggested benefits of the
isalated or combined use of MTA, EMPs. GER, and LPT an
the repair of bone defects, the asociated use of all of these
echniques were not shudied pet 1t might be possible that
the chsereed benefits of the isnlated use of each one could
he improved with their association 4

As sugpested by previous reports on the aurrent litera-
twre, bmer light is capable of improving hone healing and
may he passible that the use of h=er light amociated with
the MTA may also improve the outcomes of the trestment of
bone defecs ™

The aim of the present study was to study, histol ogially.
the effedt of NIR LPT on the healing of sumgical bone defects
grafted or not with MTA and associsted or not to the wme of
bone morphogenstic proteins (EMPs) and GER on a modent
mendel

MATERIAL S AND METHODS

This study was approved by the Animal Ethics Committes
af the Vale do Pariba University and obeyed national and
intermatiomal guidelines for animal experimentation. Ninety
healthy adult male Wistar @t [(~2months-old, average
weight 295 £ 25 g) were howsed under mtural conditions
af light, humidity and temperature at the Animal House of
the Researdh and Devel opment Institute of the Vale do Pama-
iha University during all experimental period. The sample
sz was reltvely small due to ethical comstraints and rec
aommendations of the Bthics Committes The animals wers
fed with standand laboratory pelted diet and hod water

ORI AL OF BOMED AL BAS TH MALS PESEANTE & | ALG 30U WOL A, X 7
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ad lihidum. The animals were kept in groups of five on indi-
vidual metallic gages and kept at a day/night light grde and
contrallsd temperature [220C) during the sxperimental pe-
rind. The animals were randomly distributed into 10 groups
and then suhdivided into 3 subgroups sccording to the ani-
mal samifice timing The number of experimental groups
was determined to allow us to uze the MTA under different
clinical conditions, such as in association with the technique
of GER, ax well a5 to allow the compar=on of the results
with similar madel wed by our team in which other types
of hiomaterials were used and were reported previowhe”
The distrilution of the animals may be seen in Table L

Prior imtramusolar geneml anesthesia, the amnimals
received L04 ml/100 g of atropine subcutansously. The
anesthesia was @mied out with 10% Ketamine (Syntec do
Brasl {otia, 5P Brawl) (01 ml 100 g) + 2% MNlazine
[Syntec do Brasil) (0.1 ml/100 g}l The animals had the
right leg shaved and a 3-cmelong incision was performed
at the right tibia with a no. 15 salps]l blade Skin and sub-
cutansous tissues wene dissected down to the periosteumn,
which was gently sectioned sxposing the bone and 2 2-mm
partial thicknes round bone defect was surgically pro-
duced (low spesd drll, 1200 rpm, under refrigeation] in
each animal

The hane defects on gmups 11 and 1 were fillsd only
with the blood clot Bone defeds on group 11 were further
irradiated with keser light The hone defects on the remaining
groups were filled with MTA [ﬂng:hlsr.—.ﬁrgn'lm Indhistria de
Produtos Odomtolagios 5 /A, Londrina, PR, Bra=il) (10} bone
defeds of group [V were further irmdiated with laser light. On
grmaups ¥ and V1, the bone defects wene fillsd with the MTA
and mversd with a rabmrbable membane [Gendem®,
Baumeer 54, Mogi das Cruees, 550 Pauln, Braril). Bone defects
af group V1 were further imradi ated with bser light On groups
VI and V11, a pool of BMPs [Genpro®, Baumer 54 Mogi das
COrees, 550 Paulo, Bramil) wes added to the hiomaterial
[MTAL gmoup VI was further imadisted with bser light On
groups IX and X, the MTA + BMP gaft was covered with the
membrane [ER]) Bone defects on group X were further ima-
diated with lrser light All wounds were mutinely sutured and
the animas received 3 single dose of Penthiotio™ [Penicillin,
Streptomydn, 20,000 U, Fort Dodge Ltda, Campines, SE Bra-
=l (002 mlf100 g) immedistely after surgery Animal dexth

TABLE L Distribation of the Experimentsl Groups

Group Subgroups n Protocal

| I5T2 1430 ] Contral {Clotl

[ 15962 19130 =] NI LPT

1} il 15412145130 ] MTA

I W15 21T 30 ] MTA &+ HIR LPT

W WIS A2INID =] MTA ; GER

Wil WNSA2IAE0 g MTA & GRE ; NIRLPT
Wil WIS AN 30 ] MTA &+ EMP

Wil VNS VIR N3 ] MTA &+ BMP & NIE LPT
X el TR 2 30 g MTA & EMP ;3 GER
® XI5 2130 ] MTA & EMP : GBER 4

Mift LPFT

a
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TABLE Il Semiguantitative Criteris Used for the Light Microscopy Analysis

Soore Critarion Descrata Madoamin Inimnsa
Eona rasbsorpon Prasancs of <25%. of tha Presonca of 25-50% of tha Prasonca of - T8% of tha
rasbsonpiion of tha graft o sbsonption of the graft rasbsorption of tha
ramnants and or ramnants andtor graft mmnants
tha surgical bad tha surgical bad. andfor tha surgical bad.
Bona naoform ation Presence of <268% of newiy Presenon of 25=-50% of newly Presancs of =5F% of newdy
fornmad bona similar 1o formed bona similar to sdjscant fonmed (bona
adj acant unirasind untraaind bona tissua. similar o adjacant untraaiad
bona Hsus. bona Hizsusa.

Presanca of <28% of
inflam matory calls
in tha aros.
Preseanon of = 25% of collsgen
dapas tion in tha ama.

inflam matory infiltrate

Collsgen deposition

iinflam matory calls in the arsa.

Prossnce of 25-50% of ool legan

Pressnos of 26-50% of Presanca of »580% of

iinflam matory calls in the arsa.

Prassnce of 5% of collagan

dapostion in tha aroa. daposition in tha aros.

ooomed after 15, 21, and 30 doys after the surgery with an
mvendose of general anesthetics

NIR LPTP was carrisd aut with the Twin Laser™ device
[MMiptics, 550 Cardos, 550 Paulo, Braxil; & = 850 nm, 150
mW, & = 0.5 cm”, 4 |fcm’) and was transotansously
applied on fur points around the bone defect at 48-h inter-
vals [4 Hn'nz, per point] being the frst sesion camied out
immediately after surgery and repeated at every 48 h dur-
ing 15 days [16 |fom® per sesion) and a ®tal trestment
dose of 112 [/cm’ Dosss wsed in this study were based
upn previous studies carried out by our group!

Following animal death, the samples were kong itudi nally
't under refrigeration I_'E'udﬂ"", Eomet TM1000 Madkham,
Untaria, Camada)] and the specimens kept in 10% formalin
sphution for 24 h. The specimens were mutinely processzed
o wax, out, and stained with Hematowxylin and Eosin and
Sirius red and underwent histological analysis' 44142
[Table 11} at the Labomtory of Surgical Pathology of the
Schoal of Dentistry of the Federal University of Bahia by a
experienced m@thologist in a blind manner using a Light
IMECI SO [.h:inlﬂ'hr"", Teiss, (sermany]

RESULTS

Clot

On day 15, the hone defect was partially filled with newly
formed bhone displaying nonaligned osteocybes a5 well as
the pressnce of thin and irrsgular tmbeculi Medullar tissue
and chmmnic inflammation were seen and soored as discrete.
Ostechlastic activity could be =sen and there were no signs
af hane reabsorption. On day 21, the bone defeg was
mustly filled with new bone that was more regular than
that type of hane =men on the 15th doy. Disoete chmonic
inflammation was chsereed at this stage Some spedmens
af this group shawed remmants of cartilaginous tissue, and
na signzs of bone reabsorption were =en [Fig. 1[A]]- At the
end of the experimental perind, the hone defedt was com-
pletely filled by bmellr bone and few Haversian systems
were ssen Bone trabeoli were present and were more neg-
ularly disposed The trabeculi showed some steogries as
well a5 remmants of cartibge surmounded by bone. Neither
neahsorption nor inflammation was observed at this tme

204 PFRHEENIET AL

MTA

On day 15 the bone defect was mostly filled by neoformed
bhone that was chamcterzed by the pressnce of intEronnect-
ing trabeculi contining osteocytes on it matrix and osbeo-
blasts at their surfsce Remmants of cartilage and chmonic
inflammation were also seen dispersesd within a fhmovasoular
timue A fEw points of surbce necross and remnants of the
hinmateral @uld he sen at this time [Fig 1[E]]- Bone neab-
sorption was olseneed at this stage On day 21, a regular
neaformed bone dispersed in few medullar spaces omered
the hone defect and discrete chronic inflammation was
alserved The new bane showed osteocytes 25 well 25 hasn-
philic rever=al lines, and ostechiasts were seen at the osme-
ous surface. At the end of the experimental time, the hone
defed was filled by hone without signs of inflammation.
Emall bane trabeculi, medullar tissues, surfae ecmss, and
remnants of the hiomaterial were alen m=en at this time

MTA + GER

On day 1% interconnecting bone trabeculi showing nona-
ligned osteocytes a5 well a5 active osteohlasts at the periphe
ery of the tmhbeculi filled the hone defect In a few cases,
delicate bone fragments, uswally immature, were seen
within a highly vasoularizd medullar fisue In some speci-
meers, surfae nemosis could be ==en Beneath the necrosis,
a bhand of fibrous connedive tissue was detected a5 well as
chmnic inflammatory infitrate and remmants of the hioma-
el {n day Z1, the hane defed was filled by thick newly
formed bone usally showing interconneding bone trahe-
culi, mmaligned osteogries and asophilic reversal lines.
Arexs of superficial necmsis were also olserved in some
specimens 25 well a5 the presence of remnants of the hio-
material At the end of the experimental time, the bone
defect was filled by new bone that was charaderized by
few medullar spae=s and irregular small bone fragmems. In
few spedmens, remnant of @rtilage could he seen 2 well
as tssue necrmss evtending down to the medulls. Bemmants
of the biomaterisl wene alsn ssen ot this stage [Fig 1(C])]-

MTA + BMP
On day 1% the bone defect was filled by intermnnecting
bhone trabeculi, few medullary spaces, nonaligned osteocytes,
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AGURE 1. (A) Phosicrogripty of & conted spedciamen on diy 21 showing 1he bone defect compiendy filed with mewly fomnad eoending
o 10 1he medalar Tasue and Saplaying clleoc i nondigmd and bmophiic mvarsal s, (8) Photamicrogaply of & specmen guied
with MTA on day B showing 1he Do ne spicules amida bone defct whose s aficel aes shows Do secrawa. Nose nfrior masgn with
Done walls doss 10 meduiar 1asse. (C) Photomicrography of & spedimen of e MTA + GBR goup on day 21 showing the bone defect filed by
Done spicdes of vtabie e amida Inflamm o n compasad of lymphocyies and macrophages. Nok mecrasis doe 50 T Domaeial on s
face. (D) Photo microgugtyy of specimen of 1he group MTA +~ BMP on diy B showing 1he Mvous Dand with el aras of secrass and rem-
aant of T Biametefal Gaen on top ), foliowed by the Hone defect fitad by mewly formed Bone ia T farm of imex onnecting ™hat Sapliys
ceOcyed monaignad Thise were g of reddaogtion ) Phatamicn gupty of & spedimen of group MTA ~ BMP & GBR on diy 15 showing
T Done defet pamially led with hone spicuies and Valuc uf exdending Bom one coftice! Sde, and Bw Othr whas suface Splays necrows,
CAMTAQE feMnantsy, And CaNOCyNS Aondipnad amn #50 dinesed F) Phatomicrogapty of groun NIR LPT on diy 15 showing Bw bone defect
fid by interconnecting and sewly formed bone with noniigned cmeocytes and dacrde Dasophiie sversal Fnes, amidat medulie Taeae. (G)
Photam Ceog sphy MTA + NF LPT on day B showing & s Dand with ram nas of 0w Diomatedal and necrads foliowed by irsgalar W
el s playing nondigned ceocyies and some medula tissoe. (H Phatomicrogaply of spacion of goupn MTA +~ NR LPT on day 21 show-
ng newly formed bone daglaying numedus cdocyies and scive mulinudesad giant cels amidst fidwous tTasoe Wi cvonic inflammaton
) Phasomesagapiy of & specmen of group MTA + GER + NR 1PT on day 15 ahowing the bane defect filad by narconnatng and newly
forned bome and dsglaying nonaligned cltecytes. No 403 of Ralnonpfon wire seen, and infedor patt howed exdemive inegua Dhone
cioee 10 mad e Sasoe. (D) Phatomicrogripty of & specmaen of group MTA ~ BMP + NR LPT on diy B showing 1he bone defact daplaying
sl Done spicu s and ares of oo s (L) Phatomicrogrghy of & specmen of group MTA -+ BMP — NIR LPT on day 15 showing the hone
dfect filed by imeno nnacfng o daplying 6w cleolisms, CRWCE HONAlgned, and rewraal Dasophilic Fae amidet inflamed S5
S0k, Note That oo fomn @ion progrased of bone corfcll 4s sen on T Donam. (M) Phatomicrogriptyy of & spedamen of group MTA +~GER +
BMP + NIR LPT onday 21 ahowing & Txous Dand with remnas of e Diomatedid and mecroais followed by @enive Fap ying o steotyNes
noneignad and some madalar SeEos

and active astoblasts at the periphery of hone tabeculi At
the surface, 2 land of fibrous connective tissue and small
areas of necrosis could be seen a5 well a5 both remnants of

the presenae of asteocytes. Discrete chronic inflammation
was =een during all expe rime ntal period.

the biomatenial and osteodasts [Fig 1(D)]. On day 21, the
newly formed bone was thick and irregular and showed
imegular osteocytes and few medullary spaces. In a few
ases, 3 band of fibrous connective tissue and remnants of
the hiomaterial coversd the surface of the bone defect
These remnants were assodated to foreign body meaction,
and there were signs of bone rabsarption. At the end of
the experimental period, negaotic debris was seen at the
surface as well a3 macrophages and bony fagmens were
seen extending down to the center of the bone defet. The
re of the bone defect showed iregular bone trabeauli and

JOUMNAL OF SOMED ICAL MA TEMALS RESE AN A | AUG 2000 WOL A, B 2

MTA + BMP + GBR

On day 15, there was surface necross extending down to
the core of the bone defect Irregular bone fragments and
few remnants of the biomaterial were seen asociated to
magophages. In many cases, an area of necrosis was
observed and, beneath it, 3 land of fibrous tissue was seen.
large number of bony fragments associated to basophilic
reversal lines as well as 3 large amount of remnants of car-
thge was naticed [Fig 1(B]. Irregular osteoid fSssue was
also seen at this stage On day 21, the bone defect was filled
hy newly formed tissue showing either regular ar irrsgular

s
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deposition. Imegular osteocytes, basophilic meversal lines,
and few medullary spacs were also ssen. At the surface,
bhesides the pressnoe of remmants of the hiomaterial, a band
af fibrotic timue was also seen a5 well a5 evidenoe of hane
neahsorption, and moderate chronic inflammation. At the
end of the experimental time, the bone defect was partially
ar mmpletely filled by newly formed bone displaying noma-
ligned osteocytes and few medullary spaces. In some cases,
at the surface, a band of fibrous ti=sues and remnants of the
biomaterial wers seen. No inflammation was olserved at
this stage

HIR LPT

On day 15 the bone defed was partially filled by newly
formed bone. Interconnecting delimt bane trabeculi noma-
ligned osteogries, and basophilic reversal lines were ssen at
this time In some spedmens ostechlasts and remnants of
artilage were seen at the surface [Fig 1(F)]- The newly
formed bone was dispersed on medullar tissue and no Sgns
af nrab=nrption could be seen. On day 21, the newly formed
bone was regularly distribged and showed no signs of
reahzorption. At the end of the experimental period, the
bone defect was mestly filled by newdy formed bone that
was either regular or irregulardy distributed and showed
few miedul lar spaces. No signs of realmorption werse ssen

MTA + NIR LFT

On day 15, sufar neoewis was observed as well as the
pre=nee of an imegularly distributed: either thin or thick
newly formed interconnecting bone trabeculi with nom-
ligned osteocytes and ha=nphilic reversal lines [Figo 1({)]-
The presenae of remnants of the biomaterial was alwo ==en
at the surface There was evidence of sites of resh=nrption
af the hone. On day 21, the bone filling the bone defed was
wither thick or thin and also showed nonaligned ostsocytbes,
hasophilic reversal lines, and few medullary spacs No e
dence of reabsorption was ssen at this stage [Fig 1[H]]- At
the &nd of the sxperimental period, the bone defed was
filled by newly formed bone and fo@l area displaying reah-
snrption was seen. Chmnic inflammation was seen during

all experimental time
MTA + GBR + NIRE LFT

On doy 15, the hone defect wes either partially or come
pletely filled by irregular bone trabeculi dispersed on

TABLE NL Summary of the Histologioal &nalysis

medullar tisue The bone showed nonaligned osteoories
and activwe mstechlasts at the periphery of hone tabeculi
[Fig- 1[1]]- In a few cases, hony fragments wers obsersed.
Foci of necmsis could also be seen at the surfoe at this
stage_ Remmants of the hiomateral were alsn seen in all
cases a5 well a5 a hand of fibrotic tissue These remmants
were simetimes oheerved incorpomted to the newly formed
bone and they asumed a crystallid aspect Despite the
preznce of some fod of necmoss dose to the bony frag-
ments, desper region [within the bone defect) showed
newly formed bone. No evidence of bone reahsorption could
be =e=en at this stage, but chronic inflammation was seen.
iOn day 21, the hone defect was mostly filled with intermn-
necting hane trabeculi displayying nomligned osteogries
and hasophilic reversal lines 2z well ax discrete chrmonic
inflammation. Na signs of necmss or reshsnrption could he
mmen 3t this stage A delicate mesh of newdy formed bone
and medullary tissue filled the bone defect. In some cases, 2
land of mnnective tissue was alws se=n at surface Mo
inflammation was fiound at this time

MTA + BMP + NIR LFT

On day 15 the bone defect wes partially coversd by ne-
crotic tissue and showed fod of remnants of the hiomaten al
[Fig- 1(]]]- Beneath it, bony fragment disperssd within ne-
crotic tizue were ssen. In some cases, the newly formed
bone was thick and showed osteocytes and few medullary
spaces. The inferdor margin of the hone defect showed a
thin hone wall [Fig 1(L]]- On day 21 thick newly formed
bone, containing remnants of the biomaterial filled the bone
defiect. In =nme spedmens, a band of fibmss was present
and wmially it poojeced iself within the medulla At the end
of the sperimental period, the hone defect was completely
filled by a dense newly formed bone sometimess imegular,
oseocytes, and hasophilic reversl lines. Discrete chronic
inflammation was seen during all timess.

MTA + GER + BMP + NIR LFT

On day 15, the bone defect was filled by newly formed
bone that was distributed in an iregulsr monner and
shawed hoth eteocytes and remmants of the hiomoternial
within it Some specimens showed osteoblasts at the surboe
and sigrs of bone reabsorption at this time. On day 21, the
histological asped vared: one specimen showed remnants
of the hiomateral disperssd on granulstion tissue, lamellar

Criftm i on fGiroug Bona Rasbsonphion Bona Meoformatiaon inflammatory infiltrata Collagan Dapasition
Clot Abhsant linbansa Diiscrata jchronicl M odorats
MTA Abhsant M od srata Diiscrata jchranicl M odrats
MTA & GER Discrata M oderats Diisoreta dchronicl M ol eer it
MTA & EMP Miodarata M oderats Albssnt Wi ol esraite
MTA &+ BEMP & GBER Discrats lintan 55 Maodarats |chronic) M odrats

NIR LPT Ahsant Intansa Absant Intansa

MTA & WIR LPT Descrata intansa Albsant Intansa

MTA & GER & NIR LPT Abhsant linbansa M aodarats | chronic) Intansa
MTA & GER & BEMP & MIELPT Dscrata intansa Diisiora s Intansa
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bone, and remnants of cartilage [Fig- 1(M]]: one specimen
shawed newly formed bone and sstenores Others showed
newly formed bone, of variahle thickne= projecting from
the bonders of the bone defect, displaying osteocytes, haso-
philic reversal lines, and remmants of the biomatenal. The
bone defect was filled by newly formed bone containing
stencytes, hasophilic reversl lines, and remnants of both
wartilyge and the hiomaterial Discrete chmonic inflammation
was seen throughout the experimental time A summary of
the results may bhe seen in Tahle 1.

MECUSESI0N

Matural proeszes of healing should be allmeed to @ke their
wmual course, and any interferenee on them should he
atempted only when there is a demonstable nesd or sub-
stantial advantage for the patient Bone healing has besn
under extensive investigation for many years.

The Wistar mat experimental mode] used in this study
pomesses advantages such as allwing a rapid healing pe-
rind, animals easly kdged and fed, edsone to climatic
varations, knw oost, besides being mutinely used in other
experimental conditions involving bane remmstruction.™

Critiml size defeds (C50s) do not remir well hbeuse it
mreeds the hody's ahility to regenerate adequate amounts
aof hane Bst enough This lesion is defined a5 a defed that
heals by le= than 10% bany regenemtion during the life-
time of the indhvidual. The C50s in the long bones of rats
have not been a5 well studied a5 those in the charia How-
ever, the creation of a OS50 mary still be wsed if long hones
are nesded to test ™

The {50, ax an experimental mede], was origimlly
developed 25 2 mode] of fibrous nonunion and was intende d
o standardize the testing of bone remir matenals that
muld he used a5 altermatives to bone allgafting or auto-
grafting and was origimlly defined a5 “the smallest size
intramsseous defed in a prticular bone and spedes of ani-
mal that will not heal spontanesmusly during the lifetime of
the animal® by Schmitr and Hollinger in 1986 The critical
sz tihia defedt in =tz was then defined as 1-mm round
defect and, by definition, it is suppo=sd to be unahle to heal
spantansoushy

In the present study, we opted to wse a larger hone
defect than a critical size one intending to increase the -
verity of the damage @ the bone It s important & note
that similar mudel has been in u== by our group for more
than a decade, and its effectiveness well repored =l ==whers
in the literature ¥ - OASSS2AST o, develnpment of non-
unions oomrs anly in fraclures It is chamcterized by the
deposition of fibme tisue instead of bone Despite hone
formation may oscmrs sventually, the restoration of the maoar-
phology and function are impaired. On the present shady,
we wene unahle & find any such phenomena as we crated
a partial thickness surgi@l defect and not a fradune.

iver the past years, our group has been worling exten-
svely on the study of the =fiects of the use of NIRE LPT on
bone using different animal models In thes shadies we
have alvo used many a=emment methods to determine
the effects of the NIR LPT on bone inchiding the u=e of
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histology, ™R mputadorized  morphometry
SEM"** and Raman spedranmpe™ s vo A7

In all previously used protocols, models and pammeters,
we wene ahle to demonstrate that NIR LPT caused impsar-
nt tissue responses during healing and thess were respon-
shle for a guicker remir process a5 well a5 on the
improved quality of the newly formed hane ™07

W have found that the advancsd bones maturation, as
ah=erved in irmdisted subjects, shall be due to an incressed
depostion of CHA™ ¥ The motuation represents the
imprved ability of more mature osteohblasts to secrete CTHA
in irrdiated subjects Deposition of CHA represns bone
mexturation, and increassd ameount of 1A on the bone is ine
diative of 2 more redstant and calcified boneAFTA2-440

It is knmwn that LPT, at specific wavelengths, has the
capahility ¥ stimulate cell proliferation, induwding fibmo-
hlasts, which are major secretors of collagen, an important
organic mmponent presnt during haone r-:]:n:i:l:' It is i roypeor-
tnt to consder that the pressnce of fibmhlasts and
inireased secretion of @illagen found in the pressnt shely
meezan that there was a ongoing bone repair and not the de-
velipment of fibrous nomnion

It is known that LPT stimulates oell proliferation, inchud
ing filbroblasts; this cell has the capacity to sscrete milagen.
In the bone matrix, hpdrogapatite crystals hawe besn
ahzerved, and they will grow in chisters, which later om-
lesee to mmpletely alkify the matrix, filling the spams
between and within the collagen fibers. 1t is known that,
during the many stages in bone healing =everl grinkdnes
and gmwth fadors regulste matrix production. Varous fac
mrs much ax BMPs, TGF and PDGF have been sicoesfully
wmed to augment healing in experimental models. LPT
alkkn hax positive effecs on the release of several such
mediatars 144

MTA iz a white or gray powder @mntaining alcum mdde
5%, calcium silicate 1%, ferric oxide 5%, calcium alomi-
mate 5, aloum lfates 25%, magnesum oxide 2%,
sdium, and potessum mide 0.5%. It pH (1250 both
higlogically and histologically, makes it sSmilar to calcum
medracide. Hydration of the powaler results in a colloidal gel
that solidifies to a hard structure Unlike other cements,
which demand a compleily dry field MTA is indiated
when maoisture contml is inadequate, without loss of its
properties and it is not rabsorhable. MTA i less tocic and
has a powerful bacteriestatic offsct with lower marginal
percolation. Because of its hydmphilic properties and set-
ting in a moisture envimonment, perfect isolation is oounter
indimtd. The stting time for the cement is neardy 4 h
Became of the show setting time, the initial loossness of the
MTA after mixing can make the material dificult to handle.
In thiz study the MTA was handled and imserted quidkly
inty the bone defect When the MTA micture was dry, it
becomes gumbly and unmanageabl: *7

MTA is a powder aggregate containing mineral oxides.
Besides it nonoetotmcidty and good hiclogical action, it
stimulates tissue repair because of coelluar adhesion,
gmwth, and pmoliffmton on iz murfeoe MTA has besn
shawn to result in the overgrowth of cementum and in

)
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cilitating regenemtion of the perodontal ligament and for-
mation of bone

Az fBr ax we are oncerned this is the first histological
repart to describe, histologially, the mechanizms of the
nepair bone defects treated or not with laser light, MTA,
EMPs. and GER The comparison of our resuls with other
previous reports is diffimlt This s the first report of the
ume of this medel. Jur previous experence wming other
types of hiomaterals alresdy reported in the literature is
alsn suggestive that the as=ociation of NIR LPT with hioma-
e rials causes improvement on the remir of hone deferts”

A previous report from our team evaluated the effed
laser light associated to MTA on the ahweolar bone remir
procesz. We found that beer-irmdiated sockets substantial
formation of thick interwowen osteocyte-rich tabecuar
bone, with an evident osteohblastic rimming when compared
o the uze of MTA a5 well as to untreated contmls shawing
that bser light was the most suocessful treatment to
improve ahseolar hone :I'E]ﬁfﬂ

Thizs =hudy wes desgned to @my out a qualitatie
amessment of the repair pooes, as this is the first report
af its kind and the description of the process considered an
appropriated method of ass=sing the effects of different
echniques used both isolated or in combination, allowing
15 o have a qualitative “picture” of the pmoss.

The present shuly is the histological analyzic of the
study recently published by our team in which Baman spec-
trmcapy was sed a3 asssment method and showed
mesults aligned with the histological findings of the present
5|.'u-|:|:|.'."=| This asped is important, as the only use of histo-
logical finding= could he considersd inadequote by anpone
and some authors suggested that this kind of data would he
hetter utilized if mmrelated with other =5 such a0 radinlog-
ical svalwation or with mechanical tests of the bone 52

In the Faman study we found that, bser-irmdiated sub-
jects, showed significant higher levels of CHA in the sadier
period of healing. Howewver these levels wene similar to the
oheerved when the amociation of MTA + EMP + GER +
lamer was umed. Lawest levels of deposition were ohsereed
when MTA + Laser and MTA + GER wers used. At the =nd
af the experimental period, all defeds were found to be
similar. However higher levels of CHA were seen in group
MTA + GER + laser and lower in group MTA + Laser As
inerexmed peaks of CHA are indicative of hone maturation,
the association of MTA, GER, and leser resulted in a mors
athvanced repair®

We found differenes among the gmups during all ex-
perimental timing k is important to kesp in mind that the
MTA pmiably acted 25 a local irfitant even on heing consid-
emed biocompatible When the MTA was amodated to GER,
na major marphological changes were seen. But, we
ogheerved crystallnid strudures that may be attributable to
the MTA a5 its anhydrmus phases involve the formation of
aystals, an important physiologic svent in the formation of
fthe bone ™ Again, these changss might be attributed to the
pres=nce of the MTA. The addition of BMPs to the MTA did
nat improve the pmoem= significantly When the MTA +
EMP graft was as=ndated © GER the major chzereed
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change was of imegular osteoid tissue, whose appearance
may he attributed to the GER technique. The u== of NIR
LPT @wmed both early deposition of bone tmabeculi and the
cessation of the osteochstic activity,™ which plays a pivatal
mile on the remodeling of the bone """ These lines wene
not seen on mntrals but were pressnt on LPT and on MTA
+ BMP + GER treated subjectks. This may be indicathve that
the use alne of the LPT may couse similar resubs to the
e af the association of conventional = dhniques alone

la®r on, untreated controls and MTA-grafted =uhbjects
shawed similar healing pattern a5 seen at sarly sages We
also found remnants of cartilaginows tissue on the @ntrols
that may he indiative of svolution of the prooss. The MTA
mmemed B cause 3 small dely in the repair process. The
e of the GER caused the presence of thidk newly formed
hone. Increased thickness might hawve hesn coused by the
GER technique. Adding EMPs &= the biomaterial also caused
the appeamnce of thick and irrsgular newly formesd bone.
Fiowesver despite remmants of the graft causing forsign hody
rexction there was no hone resh=nrption. The u=e of the
EMPs might have caused more bone deposition during the
repair dus to its properties

The wse of the GER to the amodation of MTA and EMPs
caused no major imprvement on the repair The use of the
LPFT caused the depasition of a regularly distributed newly
formed bone On the other hand, MTA grafts irrsdiated
caused imegular deposition of bone The amodation of the
LPT with GER did not improve the remir sgnificantly The
[PT amodated to the MTA, EMPs, and GER @uwmed variahle
responses induding the presenoe of newly formed bone, of
wvariahl e thicknes=s, pmjeding from the homders of the hane
defisct. This was not s=en on other groups

At the end of the experimental period, the mntraols
showed the hone defedt compl estely filed by lamellar trahe-
cullar bone and few Haversan systems. The wme of GER or
nat an MTA-grafted subjects conmed a depoasition of a less
dense hone. The addition of BMPs caused the appearance
necratic dehris and mocrophages. The uz= of MTA, EMPs,
and GER @used the prezence of newly formed hone either
partially or completely filling the bone defects LPT-treated
subjects showed the bone defect mostly filled regular or
imegular bone The wme of MTA caused the appeammce of
newly fomed bone of vared thickness. Using NIE LPT on
grafts subjeded to GER did not affect the owverall remir
much. NIR LPT associated to MTA and BEMPs conmed the
complete filling of the hane defect by a dense newdy formed
bone. The laser light assodated to MTA, BMPs, and GER
also resutted in the deposition of newly formed bone and
remnants of artilage k is posible that the chondrogenic
differentiation ooowrred due to mesenchymal stem oells
pres=mt in the bone marromy, and represents the presence of
progenitor =l capable of diferentiating into ostechlests.
Thus, these cartilage remnant could play a key mle a5 scaf
fold in the bone repair.

One may gquestion that it is expected inflammotory
response to develop against bone repair matenals (e, scaf
fold]) 2= these materials, no matter haw hinompatibl e they
are, they are foreign materials. In the present study we
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found more inflammatory response in dot group in which
there is no scaffold applied at all, than the ones in MTA +
EME HIE LPT, and MTA + NIE LPT gmups. This may he
explained by previous investigations that have indiated
that, the pers=stence of the inflammatory respanse in the
Iater phases of aheolar bone repair might be a3 result of 2
phlogistic activity of residual blood dots %™

In terms of bone neofrmation, we found more bane for-
mation in clt gmoup than on the ones in MTA (in which
there is osteoconductive scaffold), MTA + GER (in which
there is msteocondudive scaffold and GER was induced],
and MTA + BMP [in which there is osteomnductive scaffold
and ostesinductive cytokins] Despite the pressnce of MTA
i he expected to facilitate the prooes of bone deposition,
due to its hiochemi@l properties, such 2= alkalinity and
high mntent of caldum phosphate, caldum made and silia,
which are important inorganic constituents widely regquired
for hane mineralzation, this material probahbly due to some
phlogistic adivity promoted by its handling during the fill-
ing of the defect, delayed the process. & may be speailated
that MTA handling within the alveslar wound caused a dis-
amangement of part of the blood clot and altersd the hone
regeneration proesst?

We were not able to find in the litemture any previous
meparts on the association of MTA with EMPx Despite we
have shown that the use of EMPs may improve the outcoms
af hone healing when asspdated with LPT, in the present
study it was not the case This was pmiably due to the
properties of the MTA

It has also been demonstrated by owr group that, the
e of GER, is helpful in the healing of bone defects and
that the association with LPT improves the outmme of this
therapewutic appmach as demomstated previosly by our
wsing different mode 1+

The resuls of our study indiate that irediated bone
shawed inoreased osteoblestic proliferation, milagen depos-
tion, and bone neoformation when compared to nonirmadi-
ated one. The resuls of our studies and others indicate that
bone imadisted mestly with TR woeelengths  showes
inmeased ostechlastic pmlifemtion, collagen deposition, and
bone neoformation when compared to nonimadiated bone.
The effeds cheerved in irmdisted subjects might be a result
af pusitive effects of laser irmdiation on the cell membane
and mimchondria Laser light influsnoees the production of
ATP and it is more =ffective at when used at sardy stages
and depends on the physiologic status of the Il ™

Vasrularization is also an important and decisive facor
for the healing of wounds and it is improved afier the use
af l=er light a5 well as incressed relea s of mediators such
a5 PEE, that is also increased after irmdistion. There s e
dence that PGE, is al= produced by esteoblasts and that its
effects may he therapeutic or adverse T4

It is known that laser light simulates o=l prolifeation,
indwling fibmblasts; this o=l] has the capadty to secrete
milagen. In the bone matrx, hpdrogapatite crystals haee
besn observed, and they will grow in dusters, which later
malesce i completely caldfy the motrix, filling the spamss
between and within the collagen fibers. 1t is lmown that,
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during the many stages in bone healing =everl grinkdnes
and gmwth Bdors regulate matric ]I'\-u-d1.|-|:|i1:l1_:|:'_u

Varous fadors such as BEMPs, tmmeforming grwth fac
wr-f, and platelet-derived growth facior heve been sumess-
fully wmed to augment healing in expernmental models. Laser
light al=n has positive effects on the melexse of several such
meediatars

A pammeter able to pmoduce any photo biological
response alone does not exist. The phomresponse depends
an the conjugation of different pprameters 1t =6l remains
uncertain if hone stimulation by be=er light s 3 general
effect or if the isolate stimulation of osteohlasts is possible.
R is pamsible that beers offed on bone resgeneration
depends not only on the otal dose of imadiation, but also
an the imadiation time and the iradiation mode Mozt
importntly, the threshald parameter energy density and in-
ity are hinlogically independent of one another This in-
dependence acmunts for the micoex and the failure of the
treatment ' %

One may question the athvantage of using an in vitro
experiment where the direct influence of LPT on ostechlasts
and the MTA-saffold could be ambzed. In the present
study, we opted for wwing an in vivo model and not an in
vitro ane a5 the animal mode]l allowed ux 2 more detailed
and “dose” to human tisue respoanse analyss of the differ
ent reatments @mied out as well as the host-responses to
them. The host-responsse on in vitro mode] is very limited or
nat possible of simulation in many aspects For instnos, de-
spite remnt study”® have found in vivo sdhesion of mteo
Hasts to MTA, an in vitro report”™” using ostechlasts failed
m get o=l adhesion to MTA. In the present study we ofen
oh=erved a close oontact of the graft with the bone matric
and posibly inducing the formation of important compao-
nents for bone neoformation as a result of the interaction of
the MTA, the matrix, and the hast®4? Then, biokgical
responses may be smilarly deteded wwing different asess-
meent methods.

COMCLUSION

The results shoawed different tissue response on all groups
during the experimental time Major changes were ssen in
imadiated subjeds and included marked deposition of new
bone ==en in advanosd materation. 1t is concluded that NIR
LPT improved the results of the wse of the MTA on hone
defects
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Absiract. Thoe aim of this stady wes to avalnam, throngh the anabysis of hissomorinmsiric, the repeiv of complem
tibial facmme in rabhits Gxed with cetecnmthesis, teated or not with infared laser light (L780nm 50, CW7)
associatgd or not e the use of bndroxyepatie md Feided bomns regenertion (ZAR) . Surgical facteres e croeated,
ender genaral axgsthesia (Retamina §,2ml Ky IF and Kilaring §,2mlEg I, on thi dorum of 15 Cryctolagas mbhits
that were divided o § growps and coiwnined oo ndividoal cages. at daywnight cycle, fed with wolid laborsory
peled diet and had wamr ad Eidumn, Cm growps I OO0, IV and V' the Sacmre w2 Sxed with wire osiecsymthasiz
Animals of groeps I and W were gafed with hydroxyapatis and B techniqne nsed. Animals of groups WandV
wurs radized 2 ewary other dzy dering two weaks (160cm?, 4 x 41cm®). Obsarvation Hme was et of 30 days.
After animal death {overdowe of guneral mesthetics) the specimes weme rontinehy processed o wax and mnderarent
histological amahysis by light moooacopy. The histconorfomeiric amatysis showed an increased bons neoformaiion,
incmeaeed collagen deposition, lews reabsorpton and inflarmation whea laser was assocdakd to the HATCP. It i
conchded that TR lasar light wes able to acceleraste facture hmling and the aswordation with HATCF and GER
misnited on increased deposition of CELAL

Erywords: Bone Rapeir, Lasar Phombiomodulation
PACS: 42 628

INTRODUCTION

The reconsmaction of bone defects, Tacmres, denfal socket bealing and periedontal bone loss, are
some examples of processes mvelved in bone remodeling. Therefore, it was mmplisd the need for dentists
ir kpow and chanze in a positive way, the physiology of bone tissue in order to comect the maxillo-
mandibular defecis [11.

In the freatment of bone frachmes, we use the stalls with steel wires (semi
impartance for achisving the shabilizatton of the bope endings, and thus promets bone repair process

-nigid), being of fimdamenial

In order to improve bone healing, mvplants are used as bone swhstinmes which hydrosyapatits (CHA).
This biomaterial is produced in various compesitions and shapes. Can be nzed alone or in the bone cavity
associated with a biological membrane (GBE) serving as a scaffeld for bons repeneration n the
implanted area, and also to supplement autologons bone or bone mammow aspirate by combining dorms
surgery [5].

Laser therapy with or without bone grafs and biomaterials is omrently being nsed in arder fo improve
the quality of bone repair. The use of lazer phototherapy oo bone healing by means of photochemical and
photobiological properties have besn increasingly used in oumerous stodies, both In Vive and In Vimo,
aiming to provide a better postoperative care throush faster repair [6.7].
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The opiinnzation of the benefits of the use of biomaterials and asseciated GBE photobiomoedulaton
laser has been observed by many previouws stadies [2,9,10.11,12,13].

The aim of this stady was w0 evabaate the effect of histomorphometrically photobiomoedulation laser in
bome repair of surgical fachoes fixed with wire osteosyntbesis (W), tr=ated or oot with Biphasic
Ceramic Bone Graft (GenPhos®™ BATUMEE HATCP) and Guided Bone Eepeneration (GenDerm®
BAUMER) in the tibia of rabbits.

MATERIALS EMETHODS

AT armima] procedurss wers in accordance with principles of labaratary animal care (WIH publicatdon
B5-23, 1985) and were authorized by the Animal Ethics Committes of the School of Dentisty of the
Federl University of Bahia, Brazil (Protocol 01%04). Fifteen mbbits Orpcrodagns Cunicuins weighing an
averaze of 1Kz were kept om 12;12 h lizht' dask cycle and were f=d with und.a.rdpﬂmd dief and had
water ad fihigum. The animals were randomly divided inte 5 groups with 3 animals in each: control
groap (GI), SEIF (GID), WO + Bone graft (GII), Wi + Lazer (G0V) and W0 + Bone graft + Laser (GW).
Conirel had oo experimental manipolation

The animals were injected miraperitonsally with the gensral anesthetic ketamine (Ketalar ®, 50meml
0.4 ml / kg Parke Davis Lab Lida, Sao0 Paulo, Brazl) and xvlazine bydrochloride 1% (Fompumd
20mgml 2mlkg, Bayer Health Cara Lah A, Sao Paulo, Brazl).

An incizsion in the lateral tibia was performed and tisswe divulsed, thus having access to the thia.
After exvposure of bone tizsus, a surgical Sacture was made complses with the aid of a diameond disc
carborundon (Movce Union Broach, YVerk, PA, USA), wsins distilled water in a disposable swvrinee for
irrigation. The bone sumps were mmmediately fiwed with steel wire 0.30 mm Morelli®, Sorocaba, 5P,
anlI_l Groups I and W ]'E'EE[':.E-Ii hiphazic ceramic bone prafi (BAUMEE. GenFhos H.AT':_'P'l with a
graim size of .5 mm and memwbane of bovine bone (BAUMER, Genderm™) at the fracture site. Groups
IV apd V underwent photobiomodulation Laser (Twin Flex™ MM OPITCS, S30 Carles, Brazil, 2780nm,
S0mW power, coptinuous emission, the manner in forus, §0.50r, 167am’ (4 % 47/'om”) during 14 days.
After the pm-::eﬂme all animals recedved a smgle dese, as antibiobic therapy, nfranmpscular injection of
pentabiotic™ (pemicillin, streptonrycin 20000 UT 0.2mlEg IM Lab. Forte Dogde Animal Health Ltda
Campinas, SP, Braril) and Bamamdine™ (funixin Meglumine 10mgml 0 1mlkg D¥, Intervet Sherings-
Plowsh Anima] Health, Crozeite, 5P, Brazil), the lafter being a potent analgesic and andinflammatory.

At 30 days post-aurgery was performed the sacrifice of animals by an overdose of general anssthetics.
Then the specimens were removed approcdmately 1 cm from the edees of the fachme and sureical stesl
wires were carefilly remwved. The surgical specimens wers fxed i 10%: formalin and after decalcified
in nifmic acid sphason 102 They were then roufinely processed and embedded m paraffin and stained
with hematpxylin and =osin Harms alceholic (HE) and Picrosmus, the lafter bemg specific for betier
vismalization of collagen fbers for histomorphomemic anakysis.

Criteria were nsed for semd quantitative observation of bope resarpion, bons fommation, inflammatory
response and collagen deposition described in table 1.

TABLE 1. {Criteria nsed for .nm.l.—qumumh winpcsphometric anabyads

Criteria Dizcreet Sloderace Intenze
Bope resorption Presemse <25% mponing bons 23-50% of mmawing bona =10 of ramaning bona
msorpton and'or sergical bed  mesorpton andfor sergical bed resorpton amdior surgical
baed
EBono formation =25% of newly formed beza I5-30% of newhy formed =50% of nowly formed bens
simmilar te adjacent unmeated bone smvlar to adjacent simlar to adjacent mnreasd
TnTeaed
Inflapmmasnry <} of lypphocyies md'or 15-50" of lyephocyie =10 of hrophocytes andar
infiltrate macrophage: amd ‘or e marTophxges
Collagan =25% of collagen deposition 25-3a of collagem =50 of collagen deporiton
depoition deposition

All vahess obfained were analyzed with the aid of Miniab™ 15 (Inc.. San Disgo, CA, USA) using
ihe Fisher exact fest, with significancs level of 95% (p =10.05).
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RESULTS

ic amalysiz of the proups showed a greater intensify of bone formation in Froup
WO + Graft + Laser, where the groups that showed a lower activity were healimgz were Wi, WO + Graft

and WO + laser (Fig.1l). Companng the sroups, however, showed po significant difference betwesn
Eroaps.

B Absent mDiscrest = hModerate

u|ritense
100, 00% |
75,00% I|
50,00%
2500 |
0,00% o o

"l'l"ﬂ‘l*ﬁl"-ﬂﬂ W'D'I' ) o

Laser WO + Graft
: N *+ Laser :
Figure 1. Rewalts of histomorphomeiric axamination showed the parcentage of bone formation of
groups treabed with WO,

Fizgmre 1 show that the groap WO + Graft + Laser shewed a lower activity of bone resorption,
mnlike the group who obtained WO + Graft inmeazed osteeclastc activity, bot no sipnificant difference
lrefween gToUpS.

B Abs=nt mOiscrest B Moderate Bintenss

100,00% -I
Tsrnm-rl |
[
50,00% - |
25.00% [
|
0,00% l ll l
Wo e N —
WO + Graft WO + =
Laser WO + Graft
+ Laser
Firure 1. Results of historsorphometric saapsinaticn showsd the perceatage of bone rescrpton = the groups teated
with WO,
62
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In relation to the inflammatory response, there was a greater miensity of chronic inflammatory
infiliraie in groap WO + Graft, unlike the proups WO + Graft + Lazser and WO + Laser that had a less
intenze chronic inflapmmatory infilrate, and in mest cases absent (Fig. 3). The Fisher exact test showed
sigmificant diffsrence between group WO + Graft + Lazer and treated proup WO + Graft (p <0.04)

B Absent  Discrest mModerate

mintense

100,00% |

75.00% |

50,00%

25,00% ll

0,00% l
WO + Graft WO +
Laser WO+ Graft
+ Laser
Firure 3. Kesnl of hivipscophometric exardnaticn thowing the percentage of chromic mftarematicn in the groups
treated whth WL

In relation to cellagen deposition, there was a zreater infensity in the group meated with WO +
Graft + Laser and lower in the group WO (Fig.d). Statstical amalysis (Fisher ewact test) showed a
sigmificant diffsrence in the proup eated with WO + Graft + Laser and group treated WO (p <20.05)

B Abgent Discrest BModerate  Bntense

100,00% |
75,00% |
50,00%
|
25,00% l
o,00% == Mo o
WO T ——7_
WO +
crafe ~ WO*
Laser WO+ Graft
+ Laser
Figmre 4. Bzsculty of histomorphoessizic axamnation showing the parcantage of collagen depositicn in the groups
treated writh WL
DISCUSSION

The restorative treatment alternatives in the region mawillo-facial seek to address and bether
understand the mechanisms of wound healing and development of oew tecknigues for reconstmaction
63
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nsing hone grafiz. However, nowadays thers i still a discussion abouot what kind of bone would be ideal
for use as a graft and which type of technique best suited to get it [1].

Far a better imdsrstandimz of the results is required we may weave some COmMMWens smbryonic
bomne Gssue is a highly mobile and fast formation, tm:re]am-ﬂyhtﬂemmmzralued,mthﬁﬂunmed
randomdy and little resistance It is then replaced by matare hons or lamsllar, able to bear koads. Crar
results showed a sipnificant incTease in the deposition of collagen fibers. onented in an erderlty fashkion
when the bone is imadizted and thersfors if the repair ends up with an arranzement of lamsllar bone i=
meare compact, with higher vasoularzation, ackisving a standard of goakicy of bone fissoe [14.05,14].

Thiz shady used osteesvnthesis maferial: steel wire for fixadon of bone Sactores, for this
fastening system is nsually used n the treatment of bone FTactores of the maxillafacial [17].

MWumengas ressarch have been conducted with the aim of nding means by which te achieve a
faster bone repair. Several investipations bave showm that the wse of hvdrocoyapatite (CHA) sarves as an
osteoronductve agent in the repair of bone due to their osteopsmic effert and s main fonction
osteorondocton [2.10,11.13], comoborating with oor results.

This smudy evaluated the effect of lazer photobiomodulation using a lyser Gadlds (3 TROnm,
S0mW, OW, & ~ 0.5 cm, 4Tem® by paint 16T/cm? per session) i biomodulation bone after frachure of
tibia rabbit. with or withour the placement of mmplant and GEE. HATCP by placing a hiological
membrans of deminsralized bovine cordcal. We used the laser diods infrared 3 7B0mm the property of
ETeater fissue penstmation m the suboutansous tsswes due io its low absorption n water or io the pipments
ofthe =kin (2-6 mm or more) [15,18].

Comparing the sroups with respect to W0 m histomworphomemic apalysis showed that the greap
ireated with WO + Grafi + Lassr ouiperformed both the quality and the guanitty of bone, as compared fo
ather zoups. These dafa correborate the literatore with repard to the quality of bone repair, becanss
according to the authors photobiomodulation associated with the use of laser HATCP causes an increass
in fibroblast proliferation and activity (cellapen deposition) and ostesblasts, hone formation and decreass
inflammation [11,15,16.20,211.

The results of this stody soggest that lassr phetohiomodulation associated with the use of
HATCP and membrane incrsassd guantitatively and qualitatively the process of bone repair in the groups
treated with W

CONCLUSION

The results of this stody and based oo the methodolosy used we can conclods that
photobiomodulation laser infrared assoeciated with the ase of HATCP and GBEE was effective n
improving and accelerating healing of bone fracthures treated with WO, these results, obfained from the

histomorphometric amalysis showing an mcereased bope formation, redoced bope resorpbon, less
inflammatory responss and mereased collagen depesition, o groups. which underwent laser
photobiomedulation asseciated with the use of HATCP and GEFR. in those meatad with WO
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Effects of LED phototherapy on bone defects grafted
with MTA, bone morphogenetic proteins and guided
hone regeneration: a Raman spectroscopic study
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Micole K. 5 Santos - Artur Felipe 5. Barlosa - Landulfo Slveira Jinkor
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T SpringerMNedag Londom Lad 20114

Abstract We studied peaks of calcium hydroxyvapatie
(CHA) and prodein and lipid CH groups in defects grafled
with mineral rioxide agoregaie (MTA) meaked or mot with
LED imadiation, bone momphegenetic proteins and guided
bone regeneration. A kotal of W ras wene divided inte &n
groups each of which was subdivided ini three subgroups
(evalmied at 15, 21 and 30 days afler surgery). Defects
werne irradinied with LED light (wavelength 850+ 10 nim) ai
48-h intervals for 15 days, Raren readings were taken at
the surfsce of the defects There were ne satistcally
significant differences in the CHA peaks among the
nonimadisted defects at any of the experimental time-
priniis, Onthe odher hand, there were significant differences
be tween the defocs filled with Hood clot and the irradised
defects at all time-poins (p<0001, p=0003, p-<0001).
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There wene significant differences between the mean peak
CHA in nonimadisted defects at all the experimental time-
podnds (p<0001), The mean peak of the defects filled with
blosd clot was sigificantly different from that of the
defects filled with MTA {p-<0.0 ). There were significant
differences between the defect filled with blood clot and
the irradisied defects (p<0.001). The resulis of this study
using Raman speciral snalysis indicate thet inframed LED
light iradiation improves the depositon of CHA in healing
bone grafied or not with MTA.

Keywords Biomaenal- Bone repair- Light emitting
diode - MTA

Tmirodwetbon

It has been shown in variow in vitre and in vivo modeks
that near-infrared light imadiation stimulates te photo-
acoeptor cylochmame ¢ oxidase, mealting in incressed
energy metabolizm and production, stmulation of mik-
chondrial oxidative metbolism, and scceleration of tisswe
repair [1]. Bone is a complex, highly organized, very
dynamic, specialized comectve tisswe, hand, rgid and
strong. Microscopically it shows few metabolically active
cells, hemaipoietic elements of bone mamow amd a laree
amiount of ntercellular substanee fommed froa collagen
fibers and stiffening substances [2]. It is composed of
organic and inrganic elements [2, 3] The latier comsist
primarily of calcium phosphate and calcium carbonate, with
small quanities of magnesivm, fluorine, and sodivm, The
mineral cryvsal form hydoxyapatve, which precipitates in
an arderly amangement around the collagen fibers of the
osiegid. This later is te nonmineralized organic matrix
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secreted by oseoblasts and is composed of W% bype 1
collagen and 10% ground aubstance, The mineralization of
ostecdd by inorgnic mineral sale gives bone its arength
and rigidity, I initial cakification nomally occurs within a
few days of its secretion but & completed over several
months [3, 4].

The choice of bone graft is affected by anatomical,
hisinlogical, and biochemical faciors. In addition, several
pliysiokegical properties of bone gafls, sueh a8 leopenesis,
oseoinduction and ogecconduction, direcdy affect the sue-
cesm o failure of grafl incomoration [4]. Aloplass ame
synthetic grafting materials used & help the repair of bomne
delecs aml to enhance bone ngowih. Ther chemical
compeiton, physical form, and swiface conflguration, and
differences in ther pomsity, geometry, sohbility and density,
determing their bioresrhability [5T]. The treatment of bone
defect using biomaie rials has been extensively sudied in the
dental field [8]. Bone kes may be a result of several
pathologies, trawra of swzical procedunes, These asgpects
have led o extensive sudies worldwide on the process of
bone mepair Several echnigues for the comection of bone
defect have been proposed, inchding the uwse of several
types of grafts, membranes and the combination of the two
technigques [R].

Mineral wmoxide appregie (MTA) is a2 backerostatic
powder agpremie contining 65% calcium oxide, 21%
caleiwm silicate, 5% feric ide, 4% caleiwm aluminste,
2.5% calcim sulfates, 2% magnesiom oxide, and §.5%
soddivm and potassiom oxide (pH 125) It is not evitoxic
and prodwces a gosd biological response. It gimulaes
tissuwe repair by incressing cellular adhesion, growth and
proliferation at it surfsce, Unlke other cements, which
demand a completely dry fleld, MTA is indicated when
moisture conirgl i imdequate. Under suwch conditions it
shows no loss of its properties and it is not reshsodbed.
Previos hisiolegical sudies have ndicated that new hone
of cementim iz formed adjacent to MTA when it & placed
in contet with the peridonial tisue or in arificial e
defects [9—15].

Bone morphegenetc proteins (BMPs) also have
ostesnductive characteristics, amnd inorganic materials
such a5 hone substiluies cause no osteoinduction due o
a lack of the proteins requined for induction of stem
cell differentiation. Calium phosphates have a high
affinity for proteins (such as BMPs) [5]. Guided bone
regeneration {GBR) iz a procedure based on the guided
tissue megeneration technique which is a perodontal
surgical procedure that has been in clinical use for mone
than a decade. Is principles are based on the selective
pemaability provided by the membranes for the isolation
of tissues not essential for bone repair, The use GER with
biomaterials & considered to be beneficial for the healing
of bone defects [6, 8, 15].

€ Speimper

LEDs show a relatively namow emission spectrum that
may e optimally tuned to cormespond & the fequirements
of a meatment elimnating wmecssary wavelengths from a
particular therapy. Their light inemsity can be adjusted and
they prosduce high light levels with low radiant heat owtput
and maintain wseful ouwipa for long periods of time,
LED-based devices may provide a homogensous light
dose st optimal intensity [1]. While lasers provide tisswe
stimulation, which incresses cellular activity during
wound healing, they have the limitation of a restricted
wavelength, Lasers cannod easily produce wavelength
combinations optimal for wound healing. The size of
wounds that may be treated by the snall beam width of
laser is also limited. In contras, the spectral composition
of LEDs can be controlled and they may be amamnged in
flat arrays of all sizes for the treament of both amall and
large aress, LEDs offer an effeciive altemaiive i tee use
of conventional light sources [1].

Despite the growing mmber of sucosssful applications
of LED plhatotherapy (LFT) in mamy fields, it use in bone
repair has not yet been well shdied. We were unable & find
previous sudies o the use of combinations of LED light
and biomaierials TEDs have been wsad both experimental by
and clinically, and beneficial effocts of teir use have been
reporied ebewhere [16-21]. Tt is known that some wave-
lengths have the ahility to stmulse cell proliferation
ing heding that of fibroblasts, and these cells have the capacity
i secrele oollagen, a main organic oomponent observed
during bome repair [8, 21-37). Many techniques ame used o
improve the baone healing, including light therapies Seveml
studies have demmstrated that iradistion with mesr-Tnfraned
wavelengths can improve bone repair due to its high
penetration ink tsswes companed & visible light [8, 21—
37]. Although the uwse of LPT for bone healing has been
growing steadily, and several smdies have demonsteied
poative remlis in the healing of bone tisae [8, 21-37], thene
are b date few reports of te use of combinations of LED
light and MTA [37].

Raman spectroscopy & a relatively simple, reproducible
and nondestructive vileational spectissopic technigue that
may be used to optically probe the molecular changes
associated with disessed tisswes. Only small amounts of
makerial (microgams o nanegrams) with minima] sample
preparation ane required. In addition, the technigue prowvides
informration af the molecular level, allvwing investigation of
functional groups, bonding trpes, and moleculsr conforma-
tions Spectral bands in vibrational spectra ae molecule-
specific and provide direct information show the biochemical
composition. Thes bawk ae melatvely narmoew, sy o
resolve, and sensitive i meleculsr structune, conformation,
and environment [38]. The Raman spectnam of bone shows
proainen vibrational bands related to tissue composition,
Some main Faman bands for tisswes ane af §62, 958, 1,000,
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1,770, 1,326, 1,447 and 1,668 cm . The band at 1 668 em
and those at 1270 and 1326 em © are atribuied o amide 1
amd amide [ streching modes, and those at 958 and
1070 em ' are atributed to phosphate and carbonaie
hydroxyapatite, respectively, The band at 862 an ™" may be
attribwied b te vibration bands of C—C and C-C-H sreich
of collagen and lipid. The band at 1,447 em ™" & atributed to
the bending and sretching modes of CH groups of lipids and
proteins [27, 28, 30, 37).

Our team has wad Raman spectroscopy o study the
effects of both laser terapy and LPT on bone healing in
animal models Owr previous mesulis show that the use of
near-infrared LPT is effective in improving bone repair, Tt
soems thai i higher penetration info bone is one of the
factors involved, The use of LPT in sudies invobring bone
healing & a striking dopic these days, and mamy previouws
studies have demonstrated positive resulis, ncluding when
the light is combined with biomaerdal md GBER [8, 21-
37). We have found strong evidence that the improvement
in te maturation of iradisted bone & associed with an
increased deposition of cakium hydroxyapatie (CHA)
during the early stages of healing, This maturation may be
a reault of an increased secretion by oseoblasts in rradiased
subjecs. It iz well accepted that deposition of CHA
represents bone maurstion, lager amounts of CHA on
bone being indicative of 8 more resigant and caleified bone
[# 21-37].

Althaugh several reports have sugpested benefits of the
individusl and combined we of MTA, GBR and LEDs on
wound healing, the combined use of all these techniques
has not et been studied by Raman spectioscopy.

Material and met hods

The Animal Ethics Commitee of Vale do Paraiba University
{UNTWAF) approved this research. Minety healihy adult make
Wistar rats | about 2 months okl, mean weight 295 +25 ¢) were
kept under natural eonditions of light, humidity and temper-
afure in the animal howse of the Ressanch and Deve lopiment
Imstitwte of UMIVAP during the experimental period. The
animals wene fod with standand laboratory pelleted diet and
had access W water ad libiwm, The animals were kept in
growpsof fve in individis ] mets] capes, and kept under a day
nighi light ¢ ye le and conirolled tempera e conditions during
the experimental period. The animals were randomly distib-
uted ik ten groups each of which was then subdivided into
three subgroups acoonding & the experimental schedule, The
treatment groups ane shown in Table 1

Prior to induction of general anesthesia, the animals
received 004 mlly g of atopine subcuwmneously,
Anesthesia was induced by inramuscular injection of
10% gquetaming {Syniec do Brasil, Cota SF Brasil;

Tahle 1| Tresment gmaps

Cerrap

Hlond clot

MTA

MTA+HEHRE

MTA+EMP
MTaA+EMP+GRE
Blood clot + LED
MTA+LED

M TA+GHE +LED

M TA+BEMP+LED
MTA+BEMP+HERRE+LED

W B -l T W e b R =

(=
=

0.1 ml 1 (e g)+-2% xylazine (Syniec do Brasly 0,1 mlA 0 g),
The right leg of the animals was shaved and a 3-cm incision
wias ivade over e gl tibia with 2 no. 15 scalpel blade. Skin
and subcutanesus tsswes were disected down & the
perioateum, which was gently sectioned i expose the bone,
A 2-mum partial thickness bone defect was surgcal by prosduced
{low-speed drill, 1,26 o, under refdgeration) in each
ayimal.

The bone defects in groups 1 and & were Filled only with
blood clot. Animals in growp & wene further imadiated with
LED light. The bomne defects in the animals in the remaining
groups were filled with MTA (Angels; Angelus Indisiria
de Produtos Odontoldgices, Londrina, FR, Brazl) and
collgen gel (Gencol; Baumer, Mogi das Cruees, S50 Paulo,
Brazil). The animals in group T wene further iradised with
LED light. In groups 3 and 8 the defect filled with the
MTA were covered with a reabsorbable membrane
(Grenderm; Baumer), Animals in group 8 wene further
imadizied with LED light. In groups 4, 5, % and 10 a
peeel of BMPs (Genpro; Bawmer) was added to the
MTA. In group 5 the defecis were covered with
membrane, In group 9 the animals were further
imadiaied with LED light, and in group 10 the animals
were furler imadiaed with LED light afier the defocts
had been covered with membrane. All wounds werne
mutinely suured and the animals received a single dose
of Pentabiotice (penicillin, streptomycin, 20,00 T,
Fort Dodge, Campinas, 5P, Brazl, 002 mli0d g)
immediately after surgery. Animals wene killed on days
15, 21 and 30 afier surgery with an overdose of general
A attoe tics,

LPT was carried out using a FisioLED device (MMOp-
tics, Sho Carles, S50 Paule, Brazil) with a wavelength of
RS0+ nm, a power of 150 mW, a ot size of about
0.5 cm’, and an energy density of 16 Jem®, The LED was
applied transcutaneously over the defect immediately after
surgery and then at 48-h intervals over 15 days resulting in
a iptal trestment dose of 112 Vem®. The doses were based

&1 Springar
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upsoit previous sudies camied out by our group using baser
light [8, 2137].

After the animals wene killed, samples were longiu-
dinally ¢ under refrigeration using a precision saw
{Isohdet 1000; Buehler, Markham, Ontario, Canada) and
stored in ligud nirogen to minimize te growth of
aerobic baciera [27, 28, 30, 37] and because chemical
fixation is not advisshle due to Auorescence emiszions
from fixative substances [27, 28, 30, 37).

Prier & the Raman sudy, the samples were longitudi-
nally el and wamed gradually to mom emperatune, and
10 ml of saline was added to the surface during
spectioscopic  meanmrenens. For Baman messurements,
an Ti:smapphire laser with a wavelength of 830 nm pumped
with an amgon laser (model 3WES; Spectra Physics,
Mountin View, CA) provided near-infraned escitation. A
spectroeraph (model 250 1S; Bruker Optics, Billerica, MA)
with a spectral resolution of showt § cm ™' dispersed e
Raman-scatiered light from the sample and a liguid
nitegen-cookd deep depletion charge-coupled device
(model LWAOCD-1024-EHE1; Frinceton Instrumenis,
Tucson, AZE) was used to detect the Raman specira
The system was contmlled by a microcomputer, which
stomed and processed the data [27, 28, 30, 37). The laser
power used at te sample sie was of B mW with a
speciral acquisition time of 100 5. Two poine wene
measwad in ransverse sections of healing bone resulting
in two readings froam each specimen and 180 tota] spectra
All grectra were aoquined on the same day 1o avold optical
mizalignments and changes in laser poswer. The mean valwes
of the intensity of the peaks (show 958 cm™* for phosphate
vy, and at abowt 1447 em' for CH groups of lipids and
protens vy were deermined as the average of te peals in
these regons, This intemsities are related to the ¢onoentration
of CHA and organic components of the bone. The dats wene
analyzed wsing MailshS.1 software (Mewark, NI) for
calibration and background subtraction of the specira.

For calibration, the Raman spectum of the solvent
indene with known peaks was used [27, 28, 30, 37] due o
its intense bands (B00-L800 cm ') in the fingerprint
region. The indene spectnim was also messured sach tme
the sample was changed & be sure that te laser and
collection optics were optimized. In order & remove the
flwonescence backgound from the original specimm, a 5th
order polmomial fiting was found o give betier resulis,
facilitating the visuwlizton of the peaks of CHA (about
958 em ) and CH groups of lipids and proteins (about
1,447 ¢m™") found in the bone (Fig 1) This routine
removed any comtinuous offet backeround noise due to
CCD readowt and nefrigerati on.

Statistical analysis was performed using Miniab 150
software {Minitab, Bele Horizonte, MG, Brazili. A
baszeline Raman spectruem of nontreated bone was also

&€ Springer

Intenesity fa.u.)

Raman Shifl jem)

Fig. 1 Typical Raman specmmm of the components bone showing the
fwo Raman shifs osed as markers in #s sindy (CHA i 958 an”',
CH vibmsion made of lpids snd petsins at 1,447 em ')

produced a3 3 control. Raman analysis was carried out
at the Biomokcoular Spectroscopy Laboratory at the
Research and Development Institute of TUNTVAP,

Hesuls

The Raman spectrum of bone shows prominent vibeational
bands related o tisawe compositon (mineral and ofganic
matrices). Figure | shows the main tisue Faman bands at
862, 958, 1,070, 1,270, 1,326, 1447 and 1,668 cm ™", The
bend at 1,668 cm " and those at 1,270 and 1,326 am™" ane
attributed to amide I and T stretching modes of lipids and
proteing. The band at 1,447 cm™ & attributed to the
bending and stretching vibration modes of CH groups of
lipids and prodeins. The bands st 958 and 1,070 cm ' are
attributed to phosphate and carbonate hydrmoxyapatite from
bome mineral, respectively, and that af B62 om " may be
attributed & the vibration bands of C—C stretch of collagen
(tyrosine/proline ring).

Hydroxyapatite (CHA, 958 cm™)

Figures 2, 3, 4, 5 and & show respectively the values of the
mean intensity of each Bamen shift of CHA {958 cm ™) and
the organic components of bone {CH vileation groups of
lipids and proteins, 1 447 em™") obtained from reated and
untreated animals on days 15, 21 and 30, The intensity of
the Raman shift is direcdy related to the comncentraton'
inporporation of CHA by te bone, S0 higher inkensites
mepresent higher concentrations of CHA. Tt should be noted
that in seame groups, imadisied or not, te initial valee of the
peak was higher than on day 21, This might have been
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caused by the characteristics of the MTA present at the site,
Table 2 shows a summary of the statistical analysis at each
timme- point

There wene no gatistically significant differences in the
CHA pesks among the nonimadisted groups at all
experimental time-points. On the oter hand, there wene
statistically significant differences between group 1 and
the imadiated groups at all tme-points (AMOVA, p<
O e, p=0002, p=00001). On day 15, group 9 showed a
higher mean peak value (3,042.9+2009) and group a lower
vahe {1 AT552106) On day 21 group ¢ akoe showed a
higher mean peak wvalwe (2371+778) and group 10 a
lower mean peak valwe | L404.2+T1). At the end of the
experimental period, group & showed tee highest mesn peak
value {3,117 6+100) and group 10 te lowest {1, 386+1400.

There was a sttistically sgnificant difference between the
mean CHA pesk in nonimadiated goups at all the experi-
mental time-point (ANOVA, p<0.01). The mean peak value
in goup | was significantly different from that n group 2
{Sudent's s, p0001). A statistically significant differ-
ence was soen between goup | and the madisied goups
(ANOVA, p=0001), Table 3 shows a summary of the
statigfical anabysis fior each meaiment oo,

CH vibration groups of lipids and proteins (1,447 cm ™)

The resuis for the organic components of bone (CH
vibration groups of lipids and proteing, 1,447 em™) ane
shown in Table 4 and Figs 2, 3, 4, 5 and & Higher peals
indicaie a lower mineral content and higher readings denmote
higher levels of organic components

The amalysis of the CH peals showed satistically
significant differences among the nonimadiaed groups on
day 15 (ANOVA, p=000607). Group | showed te highest
mean peak vahlee (3756435 and goup 3 the lowest
(2TO2R+2R). Despite no statistically significant difference
being observed on day 21, at te end of te experimental
period, a swfigically significant difference was observed
among the nmiradisted groups (ANOWA, p=00003) the
higheat mean peak vale being seen in group 4 (4349468
and the lowest i group 2 (30,1 +400.

Among the imadisted groups, statistically significant
differences were alko observed at similar time-poins as
seen i the nonirradiaed goups On day 15, goup 6
shimwexd the highest mean peak valee (48531 111) and group
I the kowest {314, T+52) (ANOVA, p=0000). Depie no
sintisfically = gnificant di fference being observed on day 21,
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Fig. 3 M imensities of the Raman shifs of CHA (958 cm™' ) and CH vibmsion groups of lipids and protein (1,447 cm ' ) in geogs 2 (T

and 7 (MTA+LED) om days 15, 21 md 30

thene was a statistically significant difference at te end of
the experimental period (ANOWA, p=00001), the highest
mean peak value being observed in group 6 (S00L2+8T) and
the lowest in group 8§ (313.6+44). Tahle 4 shows a summary
of the sitistical amalyss at each time-point

Stwtistically significant di fferences were soen among the
nonimadiaed groups at all experimental time-paints
{AMONA, p=005), the highest mean peak vale being
seen n group 4 (374,51 £7333) and the kowest in group 3
(307 B+64), Among the imadiaied groups, tere was also
statistically significant difference between group 1 and all
the imadiaied groups (ANOVA, p<0001), te highest mean
peak value being seen in group & (G518£102) and e
lowest in group 10 (317+75), Table 5 shows a summary of
the siatistical analysis for each trestment group.

IHscussion
The Wistar rat madel adopied in the present investigation
shows a rapid healing period, is mssant & climatic

changes and is mouwinely uwsed o study bone healing,
Despite LPT having been shown i impaove bone healing

&€ Springer

in several models [8, 2137, there have been few studies of
the use of LED light on bone and there are no sudies il
now of its combination with biomaterials, Sudies of the
effects of laer light on bone regeneration lave indicated
that its effect on bone healing depends not only on e totl
dose of imadiation, but alke on the imadistion time and the
irmadiation mode [8, 21-37). We were unable to find amy
previous meports in the literaure conceming the uwse of the
protocsl used n the present mvestigation, This makes
discussion of owr resulis very difficult

Previous studies have found that imadiated bone (mosthy
imadiated with TR wavelengths) shows increased ogteoblastic
proliferation, collgen deposition and bone neofommation
when companad to nondrmadisted bone. The protecol wsed in
ithe present study wing LED light is similar o teose wsed by
our team in previous Sudies using laser light [8, 21-38]. The
mesulis of the present study ane promizEng and indicake that
the combination of LED light and MTA, BMPs and GER
did improve the healing of b<ne.

Crur team has been studying the effects of different lght
sources on bone healing using different assessment
metods including higolegy, compuerized momphometny,
scanning electron microseopy and Faman spectroscapy [8,
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21-37). Raman spectroscopy was wsaed in the present study
to analyze alerations in both mineral and organic oompo-
nents in healing bone as analyss of bone componenis is
cinsidered the gold standard in the study of bone healing
[27, 28, 30, 37).

Raman specira ane a plot of the scattering intensity as
a function of the energy difference between the incident
and scattersd pholons and are oblined by polnting a
monachiomatic laser beam at a sample. The los (oo
gain) in photon energy comesponds to the difference in
the final and initial vibrational energy lewels of the
melecules participating in the interaction. The nesultant
specira are chamacterized by shifis in wave numbers
{inverse of wavelength in em ') from the incident
frequency. The frequency difference between incident
and Raman-scattered light is termed the Baman shift,
which & unique for ndividual molkcules and is measured
by the machines deector and B mepresented a5 1/om
Raman peaks are spectrally namow, and in many cases can
be msociated with te vibmation of a particular chemical
bond {or 2 single functional group) in the molecule [38].

A number of researchers havwe reporied on Baman
specimacopy of biolegical tisswes, which include imes-

tigations on bone, comea, cervical tissue, epithelial tissue,
lung, breast, skin, gastrontestinal tissue, brain, oral tissue,
liver, heme proin, atherosclerotc plague, semm, human
comnary arieries, ymphocytes, human red blood cells,
mixed cancer cells living human cells microbial cells,
individual cells, saliva, DNA, cancer genes, anticancer
drugs, tisswe processing, raft culiues, meningioma, cancenus
cells, and mammalian cell culiwes [38].

Our reauls indicale that infrared LED light causes a
quicker repair process and improves te quality of the
newly fommed bone a3 marked by the CHA peaks. These
findings are aligned with those of previous studies using
laser light camied out by our eam using several models [8,
21A7). Owr experience indicates that the advanced wanirs-
tion seen in iradiaied bone is due i an incressed deporition
of CHA. The enhancement i maturation fepresent the
ability of imadisted oseoblasts & secrete more CHAL
Incressed amounts of CHA ane indicative of Bome matura tion
a3 well a5 of more resistant and caleified bone. We have als
shaoswn that nfrared laser light is able to stmulake prolifer-
ation of fibroblasts which ame major secretons of collagen and
an impartant organic coamponin on healing bone [8, 21-37].
The Ramsan spectmscopy mesuls in te present invest gation
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indicate the occumence of such phenomena when LED light
ERTE

MTA appeared w0 be directly affected by te light
However, LPT psitively affected bone healing s has boen
observed in other studies uwsng other biomaterials and baser
light [8, 21-36]. In the early stages of the bone repair, 2
higher mean CHA peak was seen in gooup 9 (MTA+BMP+
LEDY) amd at the end of the experimental period, and the
highest mean peak was seen in groap & (LEDY). We were not
abk & find in the literature any previows mepors on the
asociation between MTA and BMPs, However, the use of
BMPs improves the outcome of bone healing when
associated with LFT [23-25, 34, 37]. In the present sudy,
this was fhe case up i day 21, Later, the use of LED light
alone caused the greatest mcrease in the levels of CHA.
However, analyzing all the changes thmoughout the
experimental period, group ¢ (MTA+BEMP+LED)
showed the higher mean CHA peak.

The behavior of te lipds awl prokins vared greatly
thioughout the experimental period in most groups, This
may indicate that other tissuwe componenis might have
affected the meadings. Although we were able to show
differences in the pesks of lipids and prodins, LED-

€ Speimper

imadiated bones showed a higher collagen content at early
stages of nmepair, this possibly being associated with
ingcreased collagen deposition by fibroblasis tat wene
stimulated by the LED light, smilar to the observations
when using laser light [27, 28, 30, 36, 37]. On the other
hand, ai the end of te experimenta] period, group B (MTA
+HGBR+LED) showed kwer mean peaks This may also
represent the influence of te use of te GBR. The measson
fir thiz needs clarification. The overall conient of lipids and
proteing ambyzed during the whole experimental period
showed that the asseciation of MTA+BMP+GER+LED
was mapciated with lower amounts of these components
companed 1o all imadiated groups, Hewever, the levels of
lipids and proteins in this group was similar to the levek
soen in group 2 (| MTA), that showed the smallest peak. This
was probably due to the properties of the MTA iself,

Tt has ako been demonstraed by our group that the use
of GBR is helpful in te healing of bone defects and that
combining it with LPT improves the oukcome of this
therapeutic approach as demonstraked weviously by our
team using different models [8, 22-25, 27, 29, 31, 33]
However, it combination with MTA and’or LED light
soemed nol to have major influence. Probably, this was due
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o the melative stiffivess of the MTA graft that in some way
may have acted a5 a hamier aginst imvasion by the tissue,
Another aspect that might have influenced the results
observed in the LED-irmadisied groups in which the GBR
was uead was the fact that te LED iradistion was camied
out over the defect at a single point, differently from
simstions n which Laser light & used a5 many devices have
a very small spat size. In the present sudy, the LED device

usexd had a relatively wide spot amd probably the mem brane
acied as an attenuation barmier for light penetration.

COme may quedion why the use of BMPs alone was not
assessed on the present sudy, First, it is imporant & note
that the uwse of BMPs alone is still complicated as their life-
span in this siustion is very shot. So the we of some
mairices, organic or inorganic, will delay the oterwise
rapid dispersion of water-soluble, readily diffusible BMPs

Tahle 2 Valus (means + sandasd deviasion) of he Ramm peak for CHA 58 an'jin all the se@meant goaps on davs 15,21 and 10

{Frop Treatment Circrap | eter Ty 15 Day 21 Thay 30
1 Blsad oo M 1,777 £ 180 185 1.9 12 1575 1,69 150 ™
2 MTA b 2 IUETT 1647+ 508 1, 7TE+34%
k] MTA+GHR [ 1481 430 1,738 450 15010
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frodn the implant ite withowt which they, like other growth
factors, would likely have a short serem half-life because of
liver uptake and catabolism [39—42]. On the other hand, te
use of some BMPs (2 and T) is approved for clinical use for
osseous repair amnd are well accepted as therapeutic
madalities [43, 44].

Mommal bone regeneration & a complex process that
invobves a larpe number of growth faciors amd cytoldnes in
its regulation. Mo matier how influential one facior may
appear in the process, its action in isolation may have littk
effect without nteraction with endogenously produced
growth factors and eytaines [45]. Among the meny tssuwes
in e body, bone has the highest potential for regeneration.
Bone moaphopenesis is a sequential multistep biological
chain reaction and the key steps are chemotaxis of
progenitons’siem cells, prolifemton of cells and diff erentation
of trwe endochondral bone formation,

The mle of gowth factors in bone mepair & widely
recognized, particulardy for BMPs, fibroblast erowith facior
{FGF), imulin-like growth facirs (IGFs), platelet-derived
growth factor (PDHGF), transforming growth factor-p (TGF-

B and vaseular endathel il growth factor (WVEGF). Growth
faciors are usually dored in the extracellular matrx (ECM],
hut afler njury are actively relessed by the ECM, cells and
plakles, The main growth fBctors acting on the skelelon
are BMPs, TGF-g, FGF, PDAGF, WVEGF and [(GFs. During
bone mepair, celk of te bone microenvimmment, such as
inflammaiory  cells, fibroblasis, endotelial cell, bone
marmow  stroimal cells and osteoblass produce  growth
facids. The migration of eseoprogenitors is enhanced by
BMPs, FIMGE FGF and VEGE The proliferation of
percseum-derived cells is stimulaied by PDGF and FGF
in the eafly smges of bone mepair, Previous stdies have
found tat light is capable of altering the release of sevenal
growth factors [46—50.

Artificial malerak, awch as the MTA, may nfluence the
syniesiz and release growth fackrs from oells The final
effect depends on both the biomaterial's physical and
chemical properties and the cell invalved. So, bone
indhiction, and is subsequent repeneration, might not only
be restricied & biological modulation but the envimonment
might also be a crucial factor in the induction and
subsequent regeneration of bone. There is evidence that
the platelet release reaction & nduced at a different level by
soime e substitwies: collagen-grafted calcium mets phos-
phate induces a higher relesse reaction than nongrafted
calcium mephosphate or hydmooyapatite. These effecs
should be carefully considered and evaluated when a new
materal is proposad 25 a scaffold for bone engineering [51,
52). We were unable to find a previous study assessing this
aspects using MTA.

Ome drewback in using this material is that close
proximity & the host me was necessary to achieve
ostepconduction. However, new bone growth is often
sirictly limited because these maierals ane not oseondue-
tive in nature. To overcome this limiaton, a3 number of
different bome-derived growih factors have been demon-
strated to stinulae bone growth, collagen synthesis and
fraciure repair both in viro and in vive, MTA ako suffers

Tahle 4 Valoms (means +
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froamn its mherent ek of microporasity for tisue invasion,
I pore size and nherent strength play majr roles in its
ultimate wefulness, Previously it was generally believed
that calcium phasphate cements are reabsorbed with kone
formed via osteoconduction. However, recent sdies have
indicated that calcium phosphae cements directy imitizie
osteppenesis. In addition, through a disselution—precipita-
tion proeess, te development of a bone-like mineral layver
might initime bome fommation either by mimicey with te
bone mineral srucure or by the presence of ostesgenic
compounds {swch as BMPs) [53, 54].

BMPs have been defined 25 3 molkecule {momphogen) that
Can initiake, promod and maintan metabol sm and homeostas s
[55]. However, the mene presence of BMPs i no guaranies of
efficient bone healing Althowrh the presence of BMPs is
esseniial for a2 mumber of proceses during bone healing,
BMP-medizied bone formation srongly depends on ithe local
presence of various BMP asctivity regulating ishibiiers and
stimulators. The osecgenic poency of the BMPs requires a
liscal amd cmtolled delivery, Momeover, fir clinical use of
BMPs, their shont half-life should be taken inky acoount [56].
BMPs wene initially discovensd by the fact that demine ralized
bone marix s capable of initisting bone formation when
transplanted & ectopic sies in mdents [57], Thes poteins
were originally deseribed iy act 23 bone growth factors The
BMP family of cyiokines comprises over 200 i ferent ligands
that belong to te TGF-B superfamily, Their importance in the
developanent of multcelular opanisms & olvious from teir
exigence in all vertelwates as well 25 nomveriebrate animals
[45]. Although BMPs are imoboed in numerous developmen-
tal and pathoplesiokagical processes, their effects on bone
formation have boen studied mod exemsively, In bone, ey
are synthesized by skeletal cells awch a3 ostechblasts and
sequesensd in the bone BCM [45].

It iz known that when BMPs are implaned, their
osesnductive properties can initiate the complete cascade
of bme formation, including the migration of mesenchymal
siem cells and their differentiation inte odeohlass, This
bone induction oocurs through endochondral as well as
intramembranous sification and nesulis in te formation
of nommal woven andir lamellar bone [58]. Various
proteins with an imporiant mode in this awisdnduetive prooess
have boen isolated and nvestigaed for their tuerspeutic
poential in bone regeneration, including BMPs [59, TGF- B,
FGF, IGF, VEGE PINGF, epidermal growth faetor,
parathyreid homone pamathyroid hormone-relaied  pao-
tein and inedeukins [45].

The production of growth factors is a bielegcal process
that starts immediately after injury and stimulaies te cells
invalved in the repair process o proliferate. TGF-B is a
i funeti onal eyinkine secreiad by plaielets, T hrmphocyies,
i acioqhiages, endothel il cells, filablags snd ofver tisaues Tt
heas & central action and has anbiinflammatory and proli ferative
effects duwring tissue repair. [is effect inchde chemotixis of
leukocytes, fileoblass and smooth muscle cells. Tt also
inflwences both te formation and remodeling of the ECM,
simulates lermtinecyte migration, and angiogpenesis and
fibmblagic differentation, ishibits te proliferation of kera-
tingcyies, regulaes te expression of inegin and oter
cytakings, and aleo possesses an awoindue tion property [46].

TGF-B & aynthesized by many different call types and &
stored as an insctive complex with BEncy-associated
peptide in the bone BOM., Anoter majr source of this
facior is plkelks n te bleod cla fomed after a fraciune or
the creation of a me defect. Tt & known that TGF-f
stimulates migration of esteoprogenitor cells and is a poient
regulator of cell proliferation, cell differentiation and ECM
synihesiz, and that it synergzes with BMPs. Early during
repair, both growth factors may directly incresse the
number of osteoprogenitor cells by stimulating  their
migration, Circulation & one of the sources of oteopiope-
nitet cellk during BMP-inducad bone regeneration and cell
recruitment may ako be mdireciy enhanced by their
combined effect on angiopenesis, Tt has boen sugoested
that TGF-B1 and BMP-T synergistically interact to enhance
angiogenesis and vascular invasion since their coadminis-
tration increases vessel formation The mitegenic effect of
TGF- B may further incresse the oseoprogenitor cell pool
by dimulating cell proliferation [45] As well a3 dweir
combined effects on angiogenesis cell recruithent and
proliferation, TGF-B and BMPs alse intersct during
oseohlast differentiation [60]. Light has ako been shown
to increase angiogeness and to increase the number and
activity of osteohlasts [8, 2226, 29, 3133, 35).

Tt has boen augpested that TGF-B1 may have stimulaiory
effects on psteoblast differentiation during early fages and
an inhibipry effect on differentiation and mineralizstion
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during later Zapes Although TGF-Pl seedms to inhibit
matrix mineralization during later stages the in vivo
comequences of tese nhibitory effects might be limied
since expression of TGF-p receptors & downregulaied
when cell differentiation progresses [45]. This aspect is
important &5 i may be one explanation for our previgus
results indicating that infrared light faik to significantly
enlance bone nepair during the later stapes [8, 2237]. A
pivom]l mle in te bone remodeling prooess has been
asmigned i TGF-B1 because it las boen proven to affect
beth bome resomption and formation. It is secreted in a latent
form by bome cells and & sored i te BCM. Active
resrhing oseoclhds are capable of activating TGF-BI,
which in wm atenuaies ferther bone mesooption by
impirng cseechdopenesis and promotes bone formaton
throwgh chemotactic atmaction and stimulation of peolifer-
ation and differentiation of osteohlast precursors [60].
There i alag evidence in the literatune sugeesting tat lizht
positively affecs the relase of TGF-B [46].

It seems possible that LED light has beneficial effects
similar @ those of laser light, a5 theme are several reports of
the bemefic of the use of LEDs operating at several
wavelengths both in vitre and in vive in both nomal and
patelogical conditioms [2, 61—64]. Tt is aleo possible that
the mechansm invobed ane similarn

The rationale for combining MT4, BMPs and LED light
in thiz work was based on the idea that BMPs eombined
with an osteee onductive substnee, such a5 MTA, and LED
light {with its well-recognized positve effects on cell
prcl iferation and fmction 25 well 2 on secretion of many
growth factors) would improve the repair of bone defects in
a manmer similar & that fol lewing awoepenous bone grafting
while avodding the complications and limitation associaied
with suiogenous bome grafiing, that remains the gold
standard for meating hone defects

Despite the suwocess we have observed using different
light sources in bone repalr wing different model, o
knowledge of the bome megeneration process and light
interactions is &ill limited. Therefore, further molaculsr,
cellular, and ramlational stulies are required to obiin a
beter understanding of the actions and interactions of te
different re gulators of the regeneration peocess, Our results
using Raman spectral analyvsis indicae that infrared LED
light did improve te deposition of CHA in the healing
bone grafied or not with MTA.
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thedr asspciation, Minety ras were divided into ten
groups s each subdivided into thres Defects on G
I and I were filled with the bleod clot. G 1T was fonher
LED iradisted G IT and IV were fillad with MTA; G
IV was funher LED iradisted In G V and VI, the
defects were filled with MTA and coversd with & mem-
brane (GBR) G V] wa further LED iradisied In G
VI and VI, BMPe were added to the MTA =nd group
VI was further LED iradisied In G IX snd X, the
MTA+BMP graft wa coverad with a membrane (GBR),
G X was funther LED imadiated. LED was applied owver
the defect st 48-h intervals snd repested for 15 days,
Specimens were procssed cot, and stsined with HEE
amd Sirdus red snd wnderwent histologicsl anslysis The
use of LED light alone drematicslly redoced bl s-
tion Howewer, its use on MTA sssocisted with BMP
sndfor GBR inmessad the saverity of the inflammstory
reaction, Regarding bone reabsomption, the poorest result
was soen when the LED lght was saocisted with the
MTA+BMP graft In the groups Clot and MTA+GBR,
no bone reshsorpiion was detectshble. Incressed collagen
depoaition was observed when the LED light wes ssao-
clated with the use of the MTA associsted with BMP
andipr GBE. Incressed new bone formstion was observed
when the LED light was nsed alone or ssocised with ihe
use of MTA+GER, MTA+BMFE on asoctation of MTA+
BEMP+GER snd when BMP was sdded to ihe MTA. Our
resulis indicste that the ose of LED light slone or in
mapciation with MTA, MTA+BMF, MTA+GEBER, and
MTA+BMP+GER camsed less inflsmmation, snd an

incresse of both collagen deposition and bone deposition as
saen o0 both histol ogicsl and momphomedric snehsds
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Bone defects often demand the use of blomaerisls s the
body is often not able do repair ilelf alone. The heterotro-
phic formation of bme induced by devitslized demineral-
ized bone matrix hes boen indicaied = 2 very interesting
way of tresting bone defects, as it hes oseolndoctive
properties due to ihe presence of soluble growth fsctors
of its compaoadtion [1].

Bone loss ocours doe o meny pathologles, raums oras
a consaquencs of surgical procedores, Several technigques
for the restment of bone defects have boen proposad, in-
cluding the use of several types of grafts, membranes, and
the saocision of both echnigues [1].

Mineral iroxide sggregaie (MTA) & a powder aggregsis
oo indng mineral eoides that have no cyiboicity snd good
biological respaonse, I stinnlsies Gsoe repadr by incresing
oillular adhesion, growth, and proliferstion at its swfcs, The
uss of MTA has been shown [0 case an overgrowth of
comentum and on facilisting the regeneration of the perlodon-
tal Hgsment s well s the deposition of new bone [2-10],

Previows histological reporis have indicsied that MTA
stimubigs the formstion of bone or cementum on both
periodonial or in sntifidal bone defecie [2-10]. Inaddition,
MTA has snifhacierial propeniias [9], enhanced teane disso-
lution, and ako induces bone formation [10]. It hes besn
suggesied thet 2 rse in pH induced by calciom hydroxide
combined with the avsilablity of Ca™ and OH- jons causes
stimulation of the enzymatic pathways and, thersfore, on
bome mineralization [11].

Guided bone regeneration (GER) & atechndque besed on
the guided fissue regenerstion (GTR) procodure dhat has
betn in we for mose then & decsds [12] snd it is wed to
stimulaie wound healing snd io favor ihe regenerstion of
toodh-supporiing sirociones [13]. The useof GBR ssociaied
with the use of bMomsterials hes been considerad o be
beeme ficial for the healing of bones [1].

We have shown that the use of nesr-infrared laser phot-
therapy (NIR-LPT) is effective in bone repair, including its
asopcistion with bomaterials [1, 14-17], We demonsiraied
that ihe improvement of bone neoformation and meirstion
on irradisied subjocs: iz smsoclsied with the incressed depo-
gition of calcium hydroxyapatile (CHA) during the early
piages of healing snd thet mairstion reprisents increassd
secretion by oswoblsis on iradisied subjects. Large
amounis of CHA on bone are indicative of 2 mone nesistant
and cakeified bone [1, 14-17]

Tt is known that laser phototherspy (LPT) has the sbility
to stimulsie cell proliferstion, including fibroblasts, which
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have the capaciy v secorele collagen, the main organic
component ohserved during bone repadr [1, 14-17],

Light emitting dicdes (LEDs) are solid-staie semdconduc-
tor devices that contiin a single p—n junction, that i, the
junciion of & p=type laver where the camiers ave positively
charged holes and s n=type layver in which cument is camied
by mobde electrons. LEDs are complex and able to convent
elecirical current into incoherent nemmow-spectrum. light,
Emtted light s now svailsble st wavelengths sanging from
uliravinlet (ITV) to visble to near-infrared (NIR) bandvwd dih
(247-1,300 nm). A signdfleant dif ference between lasers and
LEDs iz the way ihe light energy iz delivered LEDs
provide a much gentler sdelivery of the same wavelangths
of light companed to lasers and at 2 substantially lower enargy
ouiput, LEDs do nat deliver enough power to demage tiaues
and dio moit harve the same risk of accidentsl eye damsge that
lasers do [18].

Several sindies, both in vitvo and in viwe, heve shown
that LEDFT influences tissue repadr, However, a full onder-
planding of the mechandsms involved in this is not yet
achieved. It seoms possible that LEDPT presents bene fcial
effiecis similsr to the ones observed when LPT is used, =
saveral reponts on ihe benafits of the use of LEDs operating
at different wavelengths have been poblished elsewhere
both in viko and in vivo on both nomeal and pathologic
conditions [19-27]. ki is ako possible that the mechandsm
involved may be simils

Although several reports have suggesied benefiis of the
isplated or combined use of MTA, BMPs, snd GER on the
repair of bone defects, ther use in asocistion with LED
phoiniherapy has not yet been sindlad, It might be possibla
that the observed benefis of the isolsted use of each one
could be improved with thelr association, a5 near-infrared
LED light may be sble to reproduce satisfactorly many of
the effecis of nesr-infrared taser Hght slready reporied else-
where in the Hierstore [1, 14-17].

The rstionals for the ssocision of MTA, BMPs, and
LED light in this work was basad on the ides that BMPs
combined with an csleoconducive substancs, such as the
MTA, snd LED Hght (with is wel-recognized positive
effiects on oell proliferstion and functioning as well = on
the increase secretion of many growth factors) would
improve the repalr of bone defects in a manner similar
te dhat observed when using an sutogenous bone graft
while avolding the complications and limitstion: ssockied
wilth suiogenoms bons gmiing which up o now remsing as
the gold standsrd for ireating bone defacts.

As suggesied by previowms reponis in ihe corment liersione,
LTF iz capable of improving bone healing, In addition, it &
posaible that the use of LED light sssocisted with the MTA
may also improve e ouicome of the restment of bone
defects, Thus, the sim of the present investigation was ©
sindy, hisinlogically, the effect of NIR LEDP T on the healing
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of hone defects gra fied or nod with MTA and ssocsied or not
with the use of BMPs snd GBR on & rodent muodal,

Materials and methods

The Animal Fihicz Committes of the Val do Paraiba
University' approved this work, Ninety healthy adult male
Wistsr rate (-2 months old, aversge welght 205425 g) wene
keept under natiral condifions of Hyght, homd dity, snd tem pas
ainre st the Andmsl House of ihe Reseaxh and Development
Instiinte of the Vale do Paraiba Uhivensity during ihe experi-
megmuial period The andmsls wene fod with standsnd ks borstory
pelied diet and had water ad lbditum, The snimals werne keptin
groups of five on individual metsllic gages; kept at day/ndght
light ey le and controllad tem perstune during the & xper mental
period, The animals were randomly disiributed into ten groups
and then subdivided into thres subgroups acconding i the
ariml desth timing. The distribotion of the sndmal: may be
soen in Tabde 1.

Prior to intrsmusculsr general anesthesia the smimals
received 004 ml/100 g of stropine subcutsneously. The
ancathesia was camled out with 109 ketsmine (0.1 ml/
100 g*)+2% xylazine (01 ml100 g') The snimak had
their right leg shaved and a 3-cm-long incislon was performed
at ihe right tibia with 2 no, 15 scalpel blade. Skin snd subcu-
o Hissies wene dissacted down to the periosieum, which
wis gently sectionad exposing ihe bone and & standsnd porilal
thickmess 2Z-rem-roamd defoct was surgically produced (low
apead drill, 1,200 mpm, wnder reldgeration)) in each animel

The snimals in groups 1T snd 1 were filled only with e
blood clot. Subjects in group 1T were forther rrsdisiod with
LED light, The bone defecs on the remaining groups were
filled with MTA* +collagen gel * The animals of group IV
werg further irradisied with LED Hght In groups V and VI,
the bone defecis, flled with the MTA, were coverad with a
reshsorable membeane® The sninak of group VI were
further irradisted with LED light In groups VII and VI,
a poal of BMPs" was added to the biomaterial (MTA) and
wias further iradisted with LED light, In groups T and 3,
the MTA+BMP graft was coverad with the membrane,
Subjects in group X were funher iradisted with LED light
All wounds were rowinely sutored and the andmals recelved
a single dose of Pentabiofico®" (0.02 mV'100 g, penicilin,

! Approved, Apedl 11, 2006, Law & £1871979

* Syniec do Bmsil, Cotia, 3P, Bmzil

* Symitec do Bmsil, Cotia, SF, Bmzi

 Angchs®, Angehs Bdistiia de Produios Odomtoligicos S/A,
Londrima, PR, Brail

* Gencol®, Basmer 8.4, Mogi das Crazes, Sio Panlo, Bzl

* Genderm® , Bammer 8.4, Mogi das Cnes, Sio Paulo, Prazdl

7 Genpx®, Bammer S.A, Mogi das Crazes, S0 Paalo, Brayil

* Fort Dodge Lida, Campinas, SP, Brazil

airepiomycin, 200000 ILT) immadisiely 2 fer surgery, Andmsl
desth occumed after 15, 21, snd 30 days after the surgery
with an overdoss of perveral snesthetics.,

LEDPT was camied out with the FisioLFD® device®
(ABS0£10 nm, 150 mW (0.15 W), area=05 cm® 54 g
03 W/en?, 16 Vem?, 16 J), was irsnscutnecnsly appliad
over the defect at 48-h intervals (16 Jiem’) being the first
session carmed putimmedistely after surgery and repested at
every 48 h for 15 daye (16 J/em® per session) and a total
trestment dose of 112 Jienr®. Doses used here were basad
upon previous siudies using lser Hght caried out by our
group [1, 14-17].

Follvwing smimal death, the samples werne longlndinalby
cut under refrigeration (Bueler®, Isomet Th 1 (), Markham,
Omitarip, Canads) and the spedmens ke on 1S formualin
spdution for 24 h, The specimens wene routinely processed
wax, ¢l and stuined with hemstoxylin and eosin and Sirue
rid, amd dhen undervent histologics] snalyss st e Laboss.
tory of Surglcal Pathalogy of the School of Dentistry of fhe
Pedersl University of Bahls by two experienced patholegists
im & blind mesnner using & light microscope (AxioSar®, Tels,
Germany). The criteria usad in the histological analysis are
shown in Table 2 and were previously used by our team [1,
14-17]. Stasistical analysis was carred out using Minitsh 15
Software. Significance level was set at 5%,

Resulis
Clot

O day 15, thee defiect wias pantially flled with newly formed
bone displaying non-aligned osteocytes with esch other =
well as thin and irregular wabeculi Medullar ssue and
moderste chronic inflammation were seen and soored 2=
discrete. Osteoblestic activity could be seen and there were
no signs of reshaorpiion (Flg s On day 21, the defect
was mostly fillad with new bone and it was more regular
them st dey 15, and with moderste chronde inflsmmmtion,
Bome specimens showed remmants of cartilaginms Hasue
and no signs of resbaorption were seen, Al the end of the
experiments] period, the defect was completely flled by
lamellar bone and few Haversisn systems werne seon, The
trabeculi were more regulady disposed and showed some
oagocyies and remnents of cartilage sumounded by bons,
Melther reshanrpiion nor inflammstion was observed.

MTA

At day 15, the defect was fillad by neofrmad bone cherse-
terizad by iniencomec fing trabeculi showing osteccyias on lis

¥ MMOpsics, 3o Caslos, Sio Paulo, Prasil
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Tahble 1 D giribotion o f the expesimental groops

TIOES FTIEED ¢ O30
VIS IVEL F TV3D
WIS PRl F VD
WILE S VIED 7 VT30
VIS 7 VIEED FVIT3D
VOIS FVITED £ VIIT3D
IXD S IRCED 7 T30
XI5 FXCE F X0

HHggSs <2887 E

Sabgmap [ ] Prdocal
TIS 120/ 130 Clot
ms o2l 3o LED

MTA+LED

MTA+gaided bome reg snertion

AT A+ (agided bome regenemition + LETy

AT A+ bome mosphogensic prodeins

BT A+ bome mosphogenstic proteins +LED

MTA+bome mophogenstic profeins +paidad bone mgenmation
MTA+bome mopbogenstic profeins +paidad bone egenaration +LED

withina fibro-vasoular thane. A fow polnis of surfsce necrosls
and remments of the biomasteris] ¢onld be seen Discreds bons
reahsnaption was observed st this stsge (Fig 1h) At dey 21,
the deffoct was cowered by a reguls neoformed bone dispersad
in fewr modul ler spaces snd discrete cheondc infl s ation was
observed On thiz, osleocyies were soen 25 well as besophilic
revarsal lines, and oetechlasis st the ossecus surfece. At the
ond of the experimentsl time, the defoct was flled by oo
showing discreie inflmmstion. Small bone raboculli smad
madullar taane, surfece nocrosis discrete bone reshsorption
and remments of the biomsierisl were ako observed at this
i,

MTA + GBR

At dey 15, the defoct was filled by interconnecting bk
irabeculi showing non-aligned osteccyies with each odher
and active osteoblass srranged a5 a Hning at the periphery
of bone raboculi, In a fow cses, delicate bone fragments
many fmes immatune were seen within highly vasculsized
maduller tisme, In some specimens, surface necrosls could
be soen. In this group, benesth thiz necroeds, a band of

fibrous connactive dasne was detected = well = moderats
chronic inflarmaiory nfilisste and revnants of the boms-
terial. At dey 2, the defect was filled by a thick newly
formed bone showing many times inerconnecting bong
trabaculi in addifion o disorete chronde [nflamemstion, non-
aligned osleocyies, snd basophilic reversal Hnes. Aress of
super fici sl necrosds were also obasrved in some spocimens as
wiell a5 remmamits of the Momsterial, At the end of the exper-
imenial time, e defoct was fillad by bone charscterizad by
fow modulls spaces, regulsr small bone fragments, and
discrete chrondc infl smmation. In a fow apocimens, remnsanits
of cartilage conld be seen = well a5 tssne necrosls exiending
dovn to the medulls, B enmenis of ihe blomasteris] were also

masen &t ihis sisge (Fig le)
MTA + BMP

At dey 15, the defect was filled by inerconnecting boane
irabeculi, fow medullar spaces, non-aligned osleocyies with
each gther snd active osteohlae sranged as a lining at the
periphery of bone rabeculi, Evident bone reasbsorption was
soem, At the surface, a band of fibrous comective tssue amd
small aress of necroals could be soen 25 well &5 renmanis of
the blomaterial (Fig, 1d) On the other hend, st dey 21, ithe

Tahle I Sewmi-guantiafive cotenia msed for the light microsco py ambysis

Scome crienon Driscrete bdoderae Iniemme

Bome reakbso mption Presemos of <25% of the resbscapion  Presance of 253004 of e Presance of >34 of she reabs coption
of the gmft resmants andfor eabsorplion of ghe gmft remmanis of the graft remmm iy and'or e
e sargicall bed mndor e sogical Bed wmargical bed

B ome meoformatiom Presemce of <25% of newdy fomed Presmce of 2 5500 of neady Presance of >34 of mewly formed
Tbome similar fo adjacend ondreated fermed bome similar fo adjacent o gimilar io adjacent
o w2 mdreaded bome Hesoe omtreaded bome fesoe

Inflamematory infibmte  Presemes of <25% of nemtrophils Presmce of & 5=50f% of nestwn phils Presance of >384 of nemtrophils on
om the ara om the mea Ee ama

Collagen d eposition Presemos of <29% of collagen Presance of * 5=500% of collagen Presence of =500 of collagen
deposition in the mea deposition in the area deposition in the ars
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nerwly fommod bone was thick snd irepulss, showing imaguls
oaigocytes and fow modullar spaces. In a fow cames, & band of
fibroae connaciive tesue and remmamizs of e blomsberisl
coerad the surfsce of the defect. These remnamts wene aSs0-
cisted with forsgn-body reaction, and ihere were signs of
bone reabsosption. At the end of the experimental period,
necrotic debris were seen ot the surface a5 well = macn-
phages and bony fragments extending down io the cender of
the defect The core of the defect showed imegular bons
trahaculi snd osteocyles. All periods of time stndiad showed
diise el chromde. inf]smvm stion.

MTA + BMP + GEBR

Al day 15, ithere was surface necroshs exinding down i the
cong, imegulsr bone fragments, and few remnants of the bo-
maierisl smaocisind with macropheges. I many cnes, sres of
necrnals was obaerved benesth s band of fbnons tesne. Large
nupmber of bony fagmients sssocisied with basophilic reversal
linwess s & berpes smmoumid of remnanits of cantibegs were noficad
imaddition to evident bons reshaarpion. Imeguler osteold Hssne
wis dlo seen st thisstage (Fig. 1e), At day 21, the dafect was
filled by newly formed tissue showing elther regulsr or
imegular deposition, Irregulsr osteocyies, basophilic rever-
gl lines, and & few medullar spaces were also seen At the
surface, besides the presence of renmants of the blomsterisl,
& band of fibrotic tisne was slso seen = well as evidencs of
bone reabsorpiion and moderale chronde inflammation. At
the end of the experimentsl tme, e defect was partially or
compleiely filled by newly formed bme displaying non-
aligned mteocytes and few meduller spaces. In some cases,
at the surfsce, a band of fibrms tssue and renmants of e
bomaterisl were seen, No inflammation was found.

LEDy

At dey 15, the defect was mosily fillad by cancellous bons
showing imegular trabeculi displaying iregulsr csteocyies
within it Osteoblasis were ccomionally observed st dhe
irsheculi surface (Fig. 1f) Bvidence of bone reabsorption
was seen &t this ime and rare cells inflasmatory, At day 21,
the spect was similsr o that observed at day 15, However,
fewer medullar spaces were seen, No sign of resbsorption
was seen at thiz stage. At the end of ithe experimenta] period,
the defect was filled by newly formed bone showing 2 small
number of modullar spaces. A focal srves of resbsomption was
seen in one cse, Inflammation was only observed at the 15
day.

MTA + LED

At day 15, a band of fibrotic fissue covered the defect. The
defect was partially filled by inierconnecting imegular

trabacular bone showing non-aligned oseocyies, hasophilic
reversal lines, and active osieohlasts that were srranged as a
lining at ihe periphery of bone trabecul. These findings
wire observed dispersad on a highly vascolarized conmac-
tive tissue that contained young fbroblasts & well = neo-
trophils or lymphocyies, Asess of fiocal bone reabsomption
on ihe newly formed bone were also seen (Fig, 1g) At day
21, a large amount of delicste bone irsheculi contsining
oale0cyies was seen exhibifing osteoblastic sctivity. No sign
of reabsorption was geen, At the end of the experimental
time, interconnaciing bone rabsonll elither delicate or thick
showing ostescytes within them or few medollsr spaces
mugtly filled the defect. Some level of osteoblastic activity
was visdble 25 well & aress of reshsorption. All perods of
time sindied showed discrete chronde inflammation,

MTA + GBR + LED

At day 15, the defact was partislly filled by imegular irabac-
olar bone showing ako mieccytes. These irabacull were
mugtly projected towands the medolla. Sometimes imegolar
bony fragments wers sosn partially flling the defect. In bodh
cases, the bone was sssocisted with medullar tssue and bo a
band of tissue fibrosk and rare newrophils, Some remnanis
of cantilaginous tissue wene ako seen. No evidence of resb-
sorpiion was noficed. At day 21, the defect remained par-
tially filled by an ireguls snd of varisble thiclknes
interconngcted wabscull contsining osieocyies sometimes
projecting hemsalves to e modolla Some evidence of
reabsorption and moderste chronde inflammsiory infilirste
wiore seon at this sizge. At the end of the experiments]
perind, the defect was filled by sither regulsr thick irabacn-
lar bone or by lamellsr bone contsining oseocyies and
basophilic reversal ines, and these trabeculi were projecting
themselves inwands the borders of the cavily beidging the
edges. Some specimens showed active glant cells (Fig. 1h)
andl moderate cheonde {nfl s ation,

MTA + BMP + LED

At day 15, an imegular irabeculer bone of varshle thiclkness
containing non-aligned osteocyies filled the defect, Some-
times irregular bony fragments were observed partially fll-
ing the defect On both cases, the bone was disgpersed on
modullsr Hzsns with ntense chronde inflammstion. S ome
argss of realbsompiion snd remnants of the biomaiesial were
goen al thiz stsge At day 21, he defect was filled by
irshocular bone of varisble thickness and containing non-
aligned ossocytes and besophilic reversal lines and osteo-
blastic activity snd medollar tiaue. Superficial necrosis was
oocasionally seen and beneath it granulation tzsue rich in
macrophages and lymphocyies wene observed. Renmants of
the bomaterial, macrophages, and Langerhans cell wene
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ako seen (Fig. 1i). At the end of the experimental time, the
defect was covered by a regular and delicate bone trabeculi

containing osteocytes; basophilic reversal lines and Harve-
sian system were also observed at this stage. Beneath the
defect, the replacement of the medullar tissue by a fibrosis
and remnants of the hiomaterial was observed. Discrete
inflammatory reaction was seen at this stage.

MTA + BMP + GBR + LED

At day 15 the defect was panislly filled by an
inerconnected ftrabecular bone, sometimes imegular,

Q Sprimgwr

exhibiting non-aligned osteocytes, basophilic reversal lines,
and active osteoblasts amanged as a lining at the periphery
of bone trabeculi. The bone tissue was dispersed on medul-
lar tissue and a mononuclesr inflammatory reaction could be
seen at this stage. Remnanss of the biomaterial and areas of
focal necrosis were also observed. On day 21, trabecular
bone and medullar tissue as well as remnants of the bioma-
terial and aress of focal necrosis filled the defect. At the end
of the experimental period, the defect was filled by a mass of
bone tissue exhibiting Haversian systems and osteocytes.
Many times, the newly formed bone was bridging the edges.
Medullar tissue and remnants of the biomsterial were also
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#Fig- 1 a Photomicrograph of o spacimen from the dot groep showing
the bome defeat fllled by newdy formed bome with non-aligned osteo-
cyles, bamophilic lnes, and rimmed wilh cslechblash, amidsi fibroms
tizmee and mild cheonic inflammation. b Photomicrogmph of o speci-
men fom the MTA groap evidencing the bone defiect filled by newly
imteronnecting and formed bone with mnd nonaligned csteocyies; i
somme amas, active malfeeckated gant cells are observed. ¢ Photomi-
crograph of o specimen fom e MTA+ @R groop showing the bomne
defect with amas of necwsis mnd bicmatesal remnants of the sarface,
followed by newly formed bome displaying nonaligned osteontes
somedimes nmmed with csleoblists Corhgmons tisee mmmands
are also observed. d Photomicrograph of o specimen fcen the MTA+
BMP gromp evidencing the bone defiect filled with newdy formed bome
displaying resmands of cantill age, amidst meduallar Sewe; in some oreas,
the laser is replaced by nearosis dee fo the biomatesal ¢ Photomiono-
graph of @ specimen fom ghe MTA+BMP HERR groop showing the
defect with newly formed bone disploying csteci d rimmed with osteo-
ilas s, mnd maktieclmied giant cdls om the sorfice: § Photoemionograph
of a specimen from the LED goap showing, on the ght, the bone
defect fillad by o mor matere bome tiswpe, displiying plomp osleo-
bllmsits atthe rabecolar sarface. g Photomiorograph of & specimen from
the MTA+LED gromp evidencing the bome defect filled by newdy
formed bome with non-aligned osteooytes, basophilic lnes, and few
aciive giant cells. Ao note the presence of cheon icinflammatory cells.
| Phscstomm iarcsgraph of specimen of o specimen fom she MTA+RR+
LED geoap showing, on fop left, nendy fomned bone represented by o
extemsive tmbeoalar bome asising from bome defact and displaying
tasophilic mveme bnss, non-aligned osteccytes, cartiligs remmans,
amd medallar tissee. | Photomicrogmph of & specimen fiom the MTA
+BEMF+LED gooap showing, at the dedeot sorface, remmamis of the
s oot el , arens woith mecroesis and bome spicales of vanakble sickmess.
Eventmlly, Langh ors-lice colls were also seen | Photomi orograph of o
specimen from the MTA +HEMP+BER+LED gouop showing the de-
et fill=d by mewly formed bome arising firom of e sorgical mangins,
w5 sarfice shoey fltroes band widh remnants of &e biomatesal. k
Extendimg doam, there are macroplagss , Bmign-body reaction and the
praft mcorporated into bone, appesing as o aystall oid

soen Close i the fegments, forelgn-body rescion was
soon & well a5 rave lymphocyies. In all cases, remnanis of
the homaierial were silll chaerved closs to & fbeous bamd
and srea of surfsce necrosls. The graft was slready ineorpo-
raled to the bone and oflen showed a crysialline aspect

(Fig. 1j, k).
Mosphometric analysis

From the morphomeirc analyeis, we may nofos that ihe e
of the MTA graft caused a reduction of the inflammstory
reaction, increased collagen deposition, bone reabsorpiion,
and new hone formation, On the other hemd, when the GBR
techndque was used together wiih the MTA, dhiz caused a
similsr response from the bone on regarding all persmeters,
When the BMP was ssocisted with the MTA, there was
reduction of the inflsmmation, and increse on hoth oo
reshapmiion and deposition. Associsting both GEBR and
BMP to the MTA graft only incresed bone resbsomtlon
(Fig. 25, b, ¢, d, 2).

The morphomeiric analyss showed that when the defoct
was irradisted with the LED, no inflammstory resciion was

goen. When the LED wa saocised with the MTA +HGBER,
the inflammastory resction was incressad, Collsgen depos-
tion smud bons depoaition were increased snd hone reabsoap-
tion was reduced. [sing LED light on the MTA +BMP graft
cased an increme in the inflswmstony reaction, on collagen
depoaition = well s on both bone reshaomption and depo-
sition When the LED was usad on the ssocistion of MTA+
BMP+GER, both collegen snd bone deposition were in-
cressad (Fig. 21 g b, 1, j).

Ststistical snalysis

Statisticsl snalyeis showed that defeck iradisted with LED
head signd fl canitly less inflsmmetion then in all other groups
irmadisted or not (p<0001) On the other hand, infsmms-
tion was signd lcantly less on the defecis filad only with clot
when companed to groaps MTA, MAT + LED, MTA +GBR
MTA+BMP (p=0,05). However, the opposite was obaerved
when the clot group was comparad to e MTA+BMP +
LED group and was similar to all others groups, Collagen
deposition was signdfcanily increased on groups MTA +
GEE, MTA +BMF + LED snd MTA + EMP + GBER + LED
when compared i all pther (p=0.05). Bone reabsomption
was simillar on groups clot, MTA + GER, LED and MTA,
amid sdgnd flcent less them in all odher grouge (p=0L05). On the
other hend, the groups LED, MTA + GER + LED, MTA +
BMP + LED snd MTA + BMP + GER + LED showad
sdgnd fleanily hgher bone deposition when compered i all
other groups (p=0.05) (Fig. 3a, b, ¢, d).

s wssion

Ag for ss we sre conoemed, this is probably the first hisio.
loegical regeont on the use of dhe sagctsiion of LED light snd
MTA graft The present investigstion simed v describe
histologically the mechamsms of the repair hone defecis
irested of not with LED light, bomsiesal snd GBR
techadque.

Despdie the scoss we have observed using dfferent
light sources associsted with bone repair sdng diffrent
models, our knowledge of the bone regenerstion process
and light interactions is still limited, Therefore, funher mo-
locolsr, collulsy, snd iramlstional sidies are required i
obinin a batier understsnding of ithe actions snd indsractions
of the different regulatoss of the regeneration process amd
ithee quaalitative ssssament of the tiaue responss is imponant
& it provides a pleture of the processes, This was the reason
why we decided to cary out desceription of the repair hisio-
losgically, This study was designed to carry out bodh quant-
tative srud somwd -quamiditstive sssasament of the repalr process
amd this work iz one of the fist reponis of ie kind The

description of the proces considered sn apperopristed
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AFig. ¥ Semmay of Se mophometric malysis of cach individaal
gromp acconding with e paramesters sindisd: o clot gromp, b MTA
groap, © MTAHEMP groep, d MTA+HGER goap, © MTAHEMP+
GHER growp, { LEDY growp, g MTA+LED growp, h MTA +RBP+ LED
gromp, | MTA+GBR+LED gromp, | MTA+HBMP+ GBR-+LED gromp

method of sssessing the effects of different echniques used
both kolsied or in combination, allowing us to have a
qualitstive “picre™ of the process[1, 14-17].

We have recently describad this process by usdng Raman
speciroecopic analysis on a sindy wing NIR laser showing
that the observed resdis of the Raman stody wene very
moatly aligned with the histological findings of the present
giudy. Om the Ramen sindy, we found that laser-irradiaied
subjects showed signifcantly higher levels of CHA in the
garlier period of healing. However, these levels wene similar
o the observed when the asocstion of MTA + BMP +
GBE + baer was used. The lowest levels of deposition were
obaerved when MTA + baser snd MTA + GBER were usad,
At the end of the experimental period, all defects wene found
o b similar. Howewer, higher levels of CHA were seen on
group MTA + GBR + lser and lower on group MTA +
lser, As incressed pesks of CHA are indicative of bone
mstusation, the ssedation of MTA, GBR, and laser resulied
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in a more advanced repakr. So we decided to change the
light source in order i verify if similar resulie could be
achieved [24].

In the present study, we opiad o use a brger bone defect
instesd of & critical size one intending to incresss the sever-
ity of the demage to the bone, It & important te node that &
similer model has been in use by our group for more than a
decade snd iis ¢ ffoct] veness & well reponted el sewhere in the
litersture [ 1, 14-17]).

Ome: may question 11 the: follow-up period of 30 deys used
im e present sindy is enough b0 st bone healing s some
previms studies (using the rat bl = animsl model) have
usad longer follow-up periods. However, our team has sue-
cesafiully reported this time line using different models of bone
defecis 2 well & diff rent asesamentmodsls [1, 14-17, 28],

Vigibla/NIR-LED light therapy has boen deemed as a
non-signd ficant risk by the FDA and hes been approved for
use in humans Other sdvanisges over lsers includs the
possibdlity of combining wavelengths with an svay of var-
ioie simes, LED disperses over a grester surface snea than
lsers amd may be used where lage ancs are targeted,
resuliing in faster irestrment Hmes [26],

LED PFT is the newest calgory of non-thermal Hght
therapies to find its way to the dental srmamentarium and
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Fig- 3 Smmmary of mosphcmetric analysis. & Inflammaiory maction, b bone renbscrption, ¢ collagen deposition, and d bome reabsorption
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was malnly developed by the Nationsl Asronsutics snd
Space Adminitration (MASA) that has investigaied ihe
use of LED therapy in wound hesling snd obisined positive
resulis [24, 27]. Vislble/NIR-LED light trestrmenis at varlous
wavelngths have been shown i signdficantly increase cell
growth in a diversity of cell ines, including musine fheo-
blasie, rat osteoblasts, rat skeletal muscle cells, and nonmal
human epithelial cells [27].

Crver the past yesrs, our groap has been working oxien-
sively on the sindy of the effects of ihe use of photodwerapy
(MNIR lser) on bome nsing i ferent sndmnl models, In thesa
sindies, we have ako used muny msesment maihods to
determine the effecs of the phototherapy on bone including
the use of histology, compuierized morphometry, SEM, and
Raman specirmcopy [1, 14-17, 28],

In all previously used protcols, models, and parsmeters,
we were able to demonstrate that ihe use of laser Hght
cansed imponant thsue responses during healing and ihese
warne regponsible for & guicker repair process = well & on
the improved quality of the newly formed bone [1, 14-17,
28]

We foumd differences smongst all groaps doring all ex-
perimental fming. At an early stage, unirested subjects
showed no signs of reabsorption, but the use of the MTA
caused the appearance of aneas bone resbsorption. This may
have boen cansad by the MTA thet probably acted 2 a local
irvliant even on being biocompatible. When the MTA was
asocisted with GBR we obsarved crystallold strcthores: that
may be atiribotsble to the MTA = the snhwdrous pheses of
the MTA involve the formation of orysisls, an impontant
physiologic event in the formation of the bone [29]. Again,
these changes might be atiibuied to the presence of he
biomaierisl. The addition of BMPs o the MTA did not
gl gni ficsmily improve the process When the MTA + BMP
graft was associsted with GBR, the major observed change
was the presence of a large number of bony fragmenis
assnc sted with besophilic reversal lines and a large amount
of remnanis of cantilage &= well 2 a imegulsr osteodd Hesue,
This was & major difference thet may be stiibuied to e
GEBR,

Latwr on, unirested controls and MTA-grafted subjects
showed a similsr healing peitern 23 seen af early siages,
however, the newly formed bone was somewhat more reg-
ular, The MTA seemed to cause 2 small delay in the repair
process. The use of the GBR. caused the presence of a thick
newly formed bone, The incressed ihickness might have
beon cansed by the GER technigue. Adding BhPs i ihe
biomaterisl caused the sppearance of thick and imegular
newly formed bone and remnanis of the graft and cansed
foreign-body reaction without reabsorpiion. The use of the
BMPs might have csused more bone deposition during ihe
repalr The use of the GBR i the asodation of MTA and
BMPs caused no major improvement.,

& Springwr

At the end of the experimentsl period, the control
showed the defsct complately filled by lamellsr bone. On
MTA-grafted subjeck, despile the defect being filled by
bomns, ihe trabacol were small and thin, Adding GBR causad
the presence of newly formed bone characterized by a fow
medullar spaces and the presence of imegolar small bone
fragments, The addition of BMPs caused the appesrance
necrotic debris that was seen af the surfsce = wel =
macrophages and bony fragments extending down i the
center of the defect. The core of the defect showed imegular
bone trabecol. The use of MTA, BMPs, snd GRE causad
the presence of newly fomed bons,

LEDwirradisted subjects showed early formation of imeg-
ular trabecolar cancellous bone and no signs of reabsomption
up io the day 21, At the end of the experimentsl pariod, the
defect was filled by newly formed bone. The ssocistion of
MTA + LED resulied in an ey deposition of interconmect-
ing irveguler traboculsr bone, Later, the dofect was fillad by
a delicste bone becull At dthe end of the experiments]
time, interconnecting bone trabecll of imemlsr thickness
and few medllar spaces fillad he defect. When GBR was
mapcised with e MTA + LED, at early stages, the defect
was partially filled by imegolsr trabecular bong snd a bend
of tissue fibrosks and remnants of cantilage were present. At
the end of the experimental period, a regular thick trabecular
bone projecting ikell towsards the borders of the cavily
beidging the adges was seen. The use of the ssocstion of
MTA + BMP+ LED did noit canse meny changes other tham
thoee obeerved with the use of the MTA alone. The use of
the MT4 + BMP + GBR + LED caused a more advanced
repair and st the end of the exparimental period, the defect
was filled by a mass of bone tisne exhibiting Haversan
syslems snd osleocyies, characteristic of mature bone. The
newly formed bone was bridging the edges, closing the
defect. However, remnsnds of the MTA were still seen and
these were msocisied with foreign-body reaction and wers
placed close v a fibrotkc band and ares of focal surface
nocroeds. The graft that was already incomporated to the bons
anal many Himes showed a ayvatalling sspect,

The comparison of our resulis with odher previoes repons
i dif Boult, This is the first repont of the use of this model in
particular o the use of the MTA and LED. Our previoms
experiencs usng olher types of Momaienialk snd light source
already reporied in the Htersture s also suggestive that the
mancistion of MIR LPT with blomasierisl canses improve-
ment in the repalr of bone defecs. We found slmils
reaponses i e ones olerved in previous studies using
NIR LPT [1, 14-17].

MTA, dueto its characteristics, seemad not to be directly
affocted by LED light. It is sssumad that the MTA would act
& a femework for the deposition of new bone = it B
considerad a ostesconductor maerial However, the use of
LEDPT positively affects bone healing sound the graft
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similarly io what was ohserved on different sindies carvad
cut by our leam using odver biomaierisls snd MIR-LFT. We
wane nod able i find any previcos repors on the sssoc iuion
of the MTA with BMPs in ihe Hierstonre. Despdte that we
harve shown that ihe use of BMPs improves the cutcome of
bone healing when smsocisied with LPT, in the present
study, it was not the case. This was probably due to the
properiles of the MTA.

Tthas alo been demonsirsisd by oor groap thet the uss of
GEER & helpful in ihe hesling of bone defects snd that de
amocistion with LPFT improves the outcome of ihis thers-
peutic spproach, = demomirsted previously by our ieam
using different models [1, 14-17] In the present sudy,
desplie some improvement in the overall healing process,
no major effect was seen, This was probably due o e
charscteristfics of the MMTA,

Several reporis indicaied that laser and LEDz emitting
betwosn 60 and 1000 nm presents afimolstory affacts
both in vitro snd in vive [30-32] A sindy using polychno-
matic [EDs [30] sugpgested that this Hght source shows a
gimilar patiern of stimulationinhibiion = olserved when
using lsars, A previous repart showed ihat both laser and
LED imadistion causes vasodilstation in vivo [31] and an-
other study showed similsr resulis in comparing lsser and a
LED regarding anglogenesls [32]. There is evidence that
both LED and Laser Hght st the same wavelength may resali
in dmilsr bochemical affacts [ 33, 34].

I the present study, we opted forusing an in vivo model
and ool a0 in vitre one a5 the animal model sllowed us a
mone detadled and “close™ to hunn tesue responss analysis
of the different restments cared out 2 well & the host-
responses i them, The host response o the in viiro modeal
is very limited or not posslble of simulstion in meny aspecis.
For instance, despite a recent siudy [35] that has found in
vivo adhesion of osteoblasis i MTA, an in viio repont [35]
using osteohlssts falled to get cell adhesion to MTA. In ihe
prasent sindy, we often obsearved & cloe contact of the graft
with the bone matrix snd possbly inducing the fmation of
important components for bone neofomation & a result of
the interac on of e MTA, the meivix and the host [37-39].
Then, biological responses may be similady detecied using
different saesament methods.

The use of LED Hght slone dramsfically reduced inflam-
matipn, However, its use in MTA maocisted with BMP and/
or GBR incressed the severity of the inflammastory reaction.
Regarding bone resbsorption, & less significant result was
soen when the LED light was associsted with the MTA +
BMP graft In the groups clot and MTA + GBR, no bone
reshsomition was delctable. Incressad collagen deposifion
was ohserved when the LED light was asocisted with the
use of the MTA smsocisied with BMP andior GEE. In-
cresed new bone formation was observed when the LED
light was used alone or sssocisted with the use of MTA +

GER, MTA + BME, on association of MTA + BMP + GER
and when BMP was added to the MTA.

The quastion these days & no longer whether LEDs have
biological effecs on bone tssue & well a3 on the ool oma
of the use of Momaierisls, but rather what the optimal Hght
parameters are for different uses s the biologicsl effect
depends on the parameters of the iradistion, similsr io the
useof lasers, such s wavelength, doss, intensity, imadistion
tirie, snd mode of emission. Ponthermore, clinleally, facioes
such a the frequency, intervals betwesn irestmends, amd
todal number of tresiments shall be considenad.

Cone luslons

Our resulls indicate that the use of LED lHght slone or in
mancistion with MTA, MTA + BMP, MTA + GBR and
MTA + BMP + GBR caused less inflammaastion, ineresad
both collagen deposition a8 seen on both hisilogical and
maorphometric analysis
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day during 2 weeks {(4=4 Jiem®, 16 Vem'=112 Ve’ )
Crbservation ime was thal of 30 deys, Afler ammal desth,
gpectmens wers laken smd kepd in lguod nitrogen sned useed
fipr Ramrem spec roscopy. Ramen speeiroscopy showed sig-
mibcami differemoes beiween groups (proiuii ). Basal nesd-
ing showed mesn value of 7230+ 330 0. Croup inlemal
rigid Axation + biommierial + bwer showed higher nesdms
(332022 6700 anel group inbemal rgid Axsion + omste-
nial the kwed (21221105 In omeluion, the reailis of
the present invest gabion & imporiand chmeslly &= geciml
analyis of bone component evidenced menessed levels of
CHA on Fraciured siles by wing the ssocistion of | aser light
i & cerame grall.
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Introduetion

A Feciure @ a los of ithe mizgmity of the bine and s
stuchire Bils s occurs when bimg camal withsland an
inlemse fwoa, The heslmg of & Faclune 13 an ecdnermaly
misredmg proces, and mooplimsl cmdibons, mjured bone
my e recomstiwied withowl scamng [1-4].

The repair of Frectures, biny defecs, perodonial pockels
anal slvenlar sockel e ypcal examples of proceses m-
vilving bone remuxdelmy, Despibe bemy exensivaly studiad
aver the pail yesrs, mony daies have tned o devalop
echmiques i mprove the insstmend of bone delecis. Thesa
lechniques molude the use of difemeni iypes of grafis, the
uge of membranes snd bome morphogenabc profeing
{BMPs) or ihe combinations of them [1-15].

Frachires have haen bemied with immohibzsbon, e
Hon, amputstion, smd inlemal fxston throwghoul hisbory.
Immobilization by casling, bracing, or sphntng 2 jomi
ahawe and below the rechure was wed for mosl long bome
Frachires. The lrestmenl of Faclures consids of he reduc-
tion s fxston of delcsis] sepmenis. Inlems] fixsbion 5
usedl m ithe lrestment of Feores & il provides sufficent
stshility for Facture heslmg withowl exossive rgidity. The
chanea of the iype of inbemal Axsion depends on the pe of
Irachire, the condiion of the $ofl bsues snd bone, the siza
&nd position of the bone fmgments, sl the sie of e by
defect [1-4, 19-21].

May types of Momsienal have been used imdesd of
using swiokreous gralls b mommmze the morbidity of the
procedures svoldng two smmuliznesous surgeal procedures
O of the muel common 1y wsed biorrlera] 15 the hydnos y-
apabiie (HA: caleium HA—CHA) This bype of gl moey be
produced using dilferenl compasilion and sheps, [l mey be
e wolsted, smocisied Lo the we of & membraneg {guided
hime repmersbion—GER), or mixed o &n suologus bone
grall [22]. Recenty, the use of phololherspy has been pro-
primied &% & msthad ko improve bone repair wnder di Terent
prodoesls, insludme the ssecmtion o Momsienak and
GBR [1-9, 14, 14].

Ramrem spechoscmpy B & vibrational gectoscopic lache
niue thal may be wed o opically probe the molecular
chamges ssocistd wilh diested (naies. This vibrabonal
dpeclrmoome Bchnigue 14 relsbvely ample, reproducble,
nimdestruciive o the issue, md only small amouns of
mlerial {mmcngrEms Lo nanogranms) with @ mmmum sam-
ple prepersion &re requined  In sddibion, these bachmgues
prrowvicde mol scu terelevel informetion, allowing invest gstion
of fmetional groups, bonding types and molecular confior-
mElions. Specinal bands m vibrsional specira are molecule

£l Speinges

apecific and provide dmeet mlpmmation ahoul the Wochem-
1cal composilion. These hends sre ralab valy namow, =y o
regilve sl senabive Lo moleculsr sbuchive, omlormston
and emvirgnment [23].

O group has srong evidences thal the mpmvement of
the maturaion of irmdsied bone 15 msocisied (o @ incressad
depesition of CHA durmg esrly dages of healing. This mai-
ursbion mEy repeesenl anincresssd scretion by asieobladson
irrachaed subjects. 11 weall accepied that depaosition of CHA
repreenis hone matislon being e amounls ol CHA on
hone indicaine of @ mone readanl and calefed bone [1-5,
11]. The &mm of ihe presenl sudy was o smes, by Ramen
spectosopy, the repar of frechoes fxed with muinpleies
{imbemal rgkl fxaton—IRF) irealed or nod with a bipheiic
ceramrmc grall staocisied or nol with GBR and iresdisted or nod
wiith X780 mm leser on &n anomal model.

Materink and methods

The Animal Efics Comontles of the School of Dentistry of
the Fadersl Universily of Balia hes approved ths resssnch.
Filleen healihy sdull mala Wew fesland rabbals (8 monlhs
drlel, mrrssm woenght 2 k) woere kepd inder nelurs] conditions
of lght, hwomdiy, s tempersiure & the Laborsiory of
Antmal Expenmeniston ol the Schoal of Denbsry of the
Federal Universty of Bahia during the expenmenta] period.
The animals wers Fad with stendend tsborstory palisd dist
el had weber ad Hbitum, The snimsb wene kepl m individ-
uzl metlhe geges kepl &l deymighi lighl oycle = ame-
irodled tempersiure durmyg the expermenial period. The
animals were randomly disinbuied inie Five groups
{Tahle 1).

Pror b indramiudeular gmtm] mmédheaa, the amimals
recen vl scepromasineg (2 mpke Acepran® 02 % Umvel
5.4, Cambuci, 5P, Braeil), The snedbess wes carmed oul
20 rim ster with ketomme (Ketaler®, 50 mpimi 4 midg;
Lah. Pake Devis Lils 530 Pauly, 530 Paulo, Brasl) smd
2 % xylazine (Rompum®, 20 meiml 0.2 mliky; Lah Bayer
Health Care 5.4, 530 Peula, S50 Paula, Brasl), The ammsk
had the nght leg shaved, snd & Fecmelomeg meidon wes

Tahle 1 Desenption ond dismifoton of fe grosps

i Prisnechare e sowigitiom

1 Baa | bame Comied—po fmotane

u IRF Frctare fhoed with mindplate cndy

1m RF+B Protare floed with muisdplate +
Umgndaoegi) + (e el

1w RF+L Prctare floed with muindplate + laser

W RF+B+L Protare floed with muisdplate +

Grenphoai) + Crondemvil + 1o
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prerlormed &1 the rghl tibia with 2 nag. 15 scaipel blade, San
andl mbeuismeous iBaes were disscled down i the pen-
galeim, which was genlly sschoned eipusimy the bone. A
complete airpcsl bhal Fechine wig crastsd on @mmels in
groups IL 0L TV el V with & carbonmdum disk (Moyeo
Umin Broach, York, PA, TSA) under waler nefn gerstion.

Anmrzl m grow [ hal e bone fragnents fxsd with
miniplies only (Sidema 2.0 PROMMY; Coméraio da
Irplamibes Cirllgicos Lids. Porio Alege, Rio Crande do Sul,
Beracril ). Antrrsbs m groams I and V' were grafled with thed 5-
mm perticle ceremmic grafl (GenPhos® HATCP. BALIMER®,
Maog Minm, S& Paulo, Bran () and coversd with 2 demrmmer-
altzedd bowvmea hine membrae (Genederm®, BAUMERY:;
Mo Minm) prior s ber Fxstion used om gmup [ (Fig. 1L
Amimals m groaps [Vand W owers further irmacsted with baer
light (ATH0 nmy, 50 mW, OW, spof area of 0.5 em™, TWIN
FLEX® MM Oplics, $80 Carles, S50 Paulo, Brazil)' The
irradistion steried mrmedistely aller testmenl prior suluring
{16 Jiens®, 44 Vo', 9 J)amd was tenscuteneously repesied
&l every obher day durmg 2 weeka Aller suturmg (40 poly-
glactn, TRUSINTHE; Subimes Indis Pyl Lila. Bamgslons,
Famateka, Inclia) ane 4-0nylon (TRUSINTHY, Swtunes India
Pvi Lils), the snoral received mitmmuscuber sntibiotos
{Pentsbidtioo®, pemcillin, streplomryein, 200000 UL 0.2 mlky
I Lab. Fode Dogde Ssiide Antmsl Lils Carpinas, 5350
Pauby, B ) snd Bamsorme® (fumsm meghomne, 10 mgml,
(L1 mlks M hierwet ShermePlough Antral Heslih, Crusims,
EEo Paila, Brail).

F ol ki il dlesth 30 days aler Fraciune, the srples
were longbuchnally cul inder relrges bon (Bugler®, [somet
Thi 100y Merkham, O, Cansda) smd stomd m liquid mitrg-
gen b mimirree the growith of serobics haclena and because
the cheamical Axstion 13 nod abisable due o Nuomsscences
emEsins fom the Axabve substmess [1-5, 11, 13).

Prr b Famem shidy, the sorples wers ongiludmally el
sl wermed graduslly &y rodem lerpeerstine and 10 ml of
gl e wemt ke Lo the surfisce durmg spectmasapic mezame-
memis. For Raman messmements, & Ramen sysbem (P1;
Lambda Solutions, Inc, MA, USA) was wed. Acquisition
and slomage of the Ramen dela wers done in a PO (Deldl
Inspiron modelo 1501) @nd RarreSolt® sofhware (Lambds
Loluborns, Ine). The keser power wead &l the sampla ale wes
of 100 mW with spectral sequistion tome 10 & Thres pomt
weme measiumed & the Fraclred sie of esch specimen. All
apects wera oollecied i ihe same day o avoxl opbcal ms-
ahi gnmiemils s chamges in laser power. The mesn value of the
miemsity of the pesk (958 am ', phosphate 1)) wes deler
mmed by the svemgs of the pesks on (s remon. This mien-
gity = metsial bo the concentration of CHA of ihe binea. For
calibraiion, the Rarem geectnmm of the solvent Indeme wath

U Tt st o Hiame d B g proe B e expen reniEion.

Fig- 1 Experimenia] design. The froctee was fived woith moindplates
W hen pecessary, the biomaterial ond membmne wew el

known pesks was used due i dls miense bends (Bd-
1,800 em ") in the Fngerprint region [1-5, 11, 13].

The mdene spacirum was alsg mesmired asch ime he
sammple wias changed (o be sure thal ihe laser ad collectiom
aoptcs were gplimized. In onder i remove the “Muorescence
back ground™ From the orgmal specinmm, 2 Glh-onder poly-
marrnal Hltng was found lo gve bebier nesulis o hieling the
visushizstion of the pesks of CHA (~958 em ) found on the
hone. A basline Raman specirum of nontresisd bone
{group §) wes also produced snd acied &= comirol (Fig 2)
The dists woere s lysed by the Mt Lab5 1% sollwers (Mew-
ark, Mew Jemsey, LISA] for calibraiion and backgrownad sub-
iracton of the specira. Sisbstcal nalyss weas performed
usmg Mimtsh 15.0% sollwane (Mimlzh, Balo Honzmils,
M mas Gersis, Bras ).

Results

The Ramen spectum ol bine shows prominend vibrational
banis relaied lo lssue composton (muneral nd orgame

%

: .
g g =
E 3 ' ; ;’r:w Lll ! ,ﬁ
L'L-"'-\rll F.ﬂlj‘l\m_ o P""l}ll".u'# ,-"H

00 03 120 1400 1620
Raman $hift fem ')
Fig- 2 Bore rnain Ravan bands ar 267 93% LOT0, 1,270, and L3236,
1,447 amd 1 568 o ™!
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mastrices). Figure 2 shaows the bone misn R bemds sl 562,
958, 1,070, 1,200, mnd 1,326, 1,447 and 1,668 cm . The band
st 1,668 em | and the ones &l 1,270 and 1,326 em | are
attributed o aride | and 111 strekching modes of hpids md
prodeins; the hend st 1,447 cm ' 3 stin buted to the bending =nd
sralctung vibmiim modes ol CH grogs of Dids aad proknins.
The ones =t 958 and 1,070 cm " ane stin buied to phosphaie and
carhomate Inalros yapetile Fom hone mineral, nspecivaly; the
hend &t 862 em ' oy be atinbuted b the vibration hends of C—
C streich ol collagen {hrosmafrotnes mng) [1-5, 11, 13]

Fugure 3 shows the mesn specira (dslocsted) of CHA
{~95% em ') on control and trested snimals The intensity of
ihe Ramen shill 15 direcily melsisd io the concentrabiom/
incgmperation of CHA by the bona. 50, hgher miemily
repreiemts higher concentrabon of CHA Bagal resdings
showesd 2 mesn value of 1,234+:2X01. Groups [RF + bao-
material (B) + laer (L) showed higher resdings {3,521+
2,670) and group [RF + B the lowest (212.2:+1198, Fig. 4).
Tahle 2 shows a summmery of the stsinbcal analysis.,

IV eoueses v

The snimal medel used on e presenl myvesbgstion 145
usuzl & the respondes observed during bone repair in

A0

apg

PO

:

Ezenan Peab §580me 1 juad

LA e

rabbils &ne @milar ko the omes sgen in humens [1-5, 11,
13]. Rammn spectroscopy can be usad (o scoess the molee-
wlar comtilubon of & specihe Hsue sl then claaly il
acognhng b dilfferemoss obsared m the spects [23-25].
Several studies found elsewhere on the lilersiure has
shown sucoeslul use of Ramen specinsoopy = a dizg-
nostic lool G heslthy, disessed or healing bones [1-5, 11,
13, 23-26].

O all of the Womskmak wed b ooprove bone hes hng,
HA & the mosl invedigsted one on both ¢ incal and higk-
lomesl grounds. The bMomsernal has been found b0 be
elfective m improving bone fmmetion Several echnigues
for the comeciom of bone defecis have been propossd,
amumgsl them the we of sveral bpes of gralls md mem-
brames, and the combinatom of bolth echniques. 113 aocepl-
ed that alihough HA has oslecconductivily, the reparr of the
debect may be slow because of te need of the il o be
reshdirbed, slowing down the process. I 8 clear thal the we
of & grafl prvenis Obrogs of the legon and abo proecs the
cavity and ach &3 & Framework for the deposiion of newly
formed bome [1, &, 15, 18]

Om the preseni siudy, the amsessmeni of the CHA
(~958 em ') was chosen as il represents the pesk of phos-
phateted hydmsyapatie, which ® one of the mejor compo-
nemis of minerslized bones [1-5]. Our previows resulis

IRF+B +L

W

w
Bazal

P ripma T, L i i

= = = ¥ -
s - M

IRF

——

IRF + B

1u0a 1300 100 150

Rerea B4t dam-L
Fig. 3 Mean specim of CHA (958 an™ Jon control and teaied aximaks

£ Speinges

152



Las=m Mead Sei

Fig- 4 Crraphioa | e s tion

Raman Spectral Analysis

of e Hamam dafa Hasal 959% 1 for thex Mean
wadings shomed 4 Iesin vakss 000
of 1, F3d=+300 1. Gooespes TRF + — 1795
B +L showed highsr wadings 3
(3,521 2 870 and grosp [RF + = A0
B thelowest (N2 22 119.5) i
15080
g E|l;i1]
A
2 am LBEL5L
T B :Eu:un:n
=3 1600 E*—“-n 15267
i
g 451 AT —
st LE L] N
Azl Bone IRF IRF + B FF &L FF&B+1L
Gl ek

milicsie ihal WIR LPT is affsciive lo mnprove bane repair
minly due ko i higher penelraton ini bone when oom-
pramed Lo visdble laser lghl [1-18].

Om thi sty we wsed a smilar modeal previously
repeimizdd by our le=m in which 2 diTereni biomederial was
uwsedd (21 O the previous shidy we smesesd the leval of
CHA (-958 em ') on complete Fractunes animals tested
with IRF trested or nol with low-level laser therspy (LLLT)
amd sacised o nol o BMP: md GBR wting Ramom
specinscome snalyas, sl concluded thai the use of nesr.
mirered (MIR) LLLT ssocsied b BMPs and GBR was
elfective in mrproving bone healing on Fractured bones
due i merssiad lels of CHA a3 delermmined by Ramen
dstm [2].

O the pregenml mvedigsbon, higher Ramen pesks on
animals nesled with IRF + B+ L wers olserved This mughi
be stinbulshle b meresiad level of CHA on the g The
Fnding 15 abigned with previous reports m which other type
af biomsienal comtmimng CHA ssocisied b laer lighl was
used [1-5, 11, 13).

[t 1% drrperiand Lo ke clesr Chel the use of thi expen-
menizl prodoool wes due o the Geel thal it 5 known ihal the
watsbed use of HA, GBER, and leter brmgs bemaliis on many
clmical siustons. Howewer, the saociation wead on the
presend stwly remams poorly explorsd elsmwhers m the
hieratre. We decikded i e the combination of di Merent
prodocals in drder to venly i the posibve allecl abesdy
deseribed on the litersture could be irgproved or i dissd-
vamlages could he amehonstead,

Tha results of the present shidy mdicated thal the level of
CHA on nonlresied bone differsd signifcantly fom the
oberved on ammals of &l experimentz] groups. Ths resuit
wizt expecied =% the pabemn mnd dage of repar Tl
amamg the i Terenl irestmenis used 1 would be desirshle
thal the inlenabies were clos i the ome ohdered on normal

hone thai would represeni thai the mineshzsiion of he
Fractured bone. This wes nol chaerved when the [RF wa
usexd akme probably due to the fact that &t the end of the
expearimen il period, the gap of the Fraciured sbe wes 581l an
& mare precocious stepe of repar, The anmmzls inssied wath
[RF anly showed agmificenl lower inlemgily of CHA when
comparesd b all experimenita] groups axcepd the gne d2en
enimels e sted with the ssocistion ko e biomsters], when
the inlensily wit bwer The wee of he meambrme alio
camged 3 decrese of the paak. This wes protebly dee o
&n stiemuston of the pasage of hght hrough the membrame
reduemyg the amounit of energy deliversd Lo the Basue, The
reziom for (s mey be due i the ol thal the insertion of the
grall wilened the gp and caused a deley of the momerahizs-
L &% mmaome Lrme wolkd be necesary Lo ¢ omplels the repar
of & lerger sres. However, when the hiomsiens] wes st
ezt b the laser, the intensity of the CHA pesk menesed
in &n irpressve memner | Tabia 2),

The msoction of the [RF with the laser hghi caused =
significanl merssse of the inlensily of the paak of CHA
when compared o &l groups excepl when the later wasg

Tahle 2 Mean ond siandawd devistion of fe peaks of fe Raman peak
of CHA {552 an™ ') e geaps

i M=+ 51

Baxal 1,704 4 2700 T e
(RFb 3 7273 dande™
{IRF + Bl N2 2015 Sabee®
(IRF+ L LE1E+T Il akoe”
{RF+B +L} L5X0 7 ST bed™

Lestiers oom gt oo s oo i moc it o e oo e e i s e o ot
i fiome maoe 5 emfare v goipes o e beft homd mide ookarm
AR
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ssocizted o the omstenal snd TRF thet presental the hgh-
el miemasity bemg alsn s dilferenes sigmBeanl. This fmding
w fully ahimed with prvieus reports rom o group Chal
showed thal iradised bone, moslly with IR wavelengths,
shows incressal sieoblasiic proh Braton, collzgen depos-
tiom, imcresged deposition of CHA ad bone nealormaton
when compared v om-madisied bone, The probooe] wssd
am ihe preseni study 15 sl bo those wsed on previows
reports From our teem wang diffenenl models [1-18]. b cme-
clusion, the reuli of the preent inyvedigs bon e mrporianl
chmcally = spectal aalyss of bme componeni evidenced
imcremsed levels of CHA om Frechuired siles by wsng the
amociation of bser lighl o a ceramme grall
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o cal et hydbrostyapediie (CHA) ane incressed, the level of
Muorescence 1 reduced I 18 concluded thai the use of nesr-
infrimed bertherapy smocistsd 1o HA gl and GBR wes
elfectve m mrprowmg bone heshng on Fradumsd bonss =% &
resull of the meresimg deposibion of CHA mesmiured by
Rarem spectoscoqy and decresse of the owame componens
&5 shown by ihe Nuorescence =edmgs.,

Keywords Bigmalerals - Bone repar - Inbermal rgad
Fix stion - Phototherspy

Introduction

The dissovery of mesihedn allowed & agmificanl advancs
om e tesirmend of frectnes, such & the we of direcl mirs-
oavegud wired, The mestment of feclues conasds of the
reduction and fxstion of digocsid segments [1]. Inkemal
Frachuire fxaton provides mechesmesl sahility o a fractumed
bame, allowing weght besring, esrly use of the alfecied
hime, @l rapad bame heabng. 18 indicsted when anslom-
il redustion i essenbal & with aticule or gowih pleie
Fractures. The selection of inkemal fxstion © bated on
miliiple mechameal, biologie, mnd elinical parametens sso-
cialed with ssch petienl snd Faciure, nod jusd e Faciuns
patbern sl [2]. The chodce of inbemal fAxston depends on
the iype of Freciure, the comdibiom of ihe sofl bsaes and
hame, the size and position of the bone Fragments, and the
dure of the bany defecl Mumenois devices ana v lahle for
mibemal Axsbon, Thets devices can be rouchly divided ik
& Pew maEjor calegomes: wines; pins anad sorews; plakes; and
miramedn by neils or mods. Staples and clorps & abo
e pocssomally for osleokmmy or rachens fxation [3, 4).
Sitminles sdeal wire i3 the tadibons] moedensl wsed for
Frachire Axsbon becsuss il 15 2 bokegically inerl matenal;
riick provides prec Be repodtoming of e bme Fragmenils
ey b0 wse s hes & ressmahble cod [5]. Although miemal
fxation provides superh mechanical suppor, il 15 wausily
drupiive i the beloge envimonmend. Intemal Axsion
redpuines & surgical approsch; tus, i demupls the soll tesaes
and vasulenly swroundmg the Fecius . Alempls e &l-
ways made lo provide the mos ngd mechamesl Axsion
while mimimemy the surmesl irmmms [7]. Inter-fragrmentary
mrncrgerrdion caises high levels of sranon the Fraciurs ends,
lescling iy bone resorplion, followed by callus formetion and
transformation of Abrocartilage © bone. This is comman
whem ping and wires &re the only Axsbons wihzed [7].
Dhespiie ihel srmll rodenis possess only 2 prinolive bone
struchire withoul & Haversian sysem, their Factune repar
processes sme mnler o brger mermme e [R] Therefons,
s maodel may be wed o investigsls bone nepair [4].
Leveral muring models using long bone frachnes sne oom-
mimly deseribed analyring therspeubc oplions of difereni

£l Speinges

slabilizsbion chmques or te spsemie miluence of an
sdlditions] irpeel in traeme modele Doe bo the amsell ase,
amly laree kong bones, esgpeacially tlna snd G, have been
ghichied [10]. Smmiler b minnine maodels, rals e ubed mves-
ligeimg fraciure heshng. However, dus o the musing
Haversian sysiem, inirs-conical remodeling cmnod be
delecied in rels represenbng an essembal difference o
humss [11]. Similer b murine modak, the Feciure mey
be lechmeally somulated by &n atteolony o Fachined mom-
ually afer weskemng the bone [12, 13]. To slahihze the
raciure, &n inbramedul by pn or wine mey be used [14],

There &re fmotures in which handimg = firther compili-
caled due i ihe los of bone, Thess losses may be naleisd o
several ebiokgies and requine further alfods From the body
Lp Tl by rescorver. Adthowgh gralls have been wed Lo momm ze
the problems smocmiad o bone lbsses, cmadershble lmi-
labons asspcisied with awiogralls and allogralis have
proargiled incresded misredl in alemabive bone wall aibsi-
twies, The main iypes of commenaially svalsble bone grall
substitules sre demineralized allograll bone masirix;
cemamicd and cerame oomrpeles oampode prall of colle.
gen sl mineral; corallime hyelrosyapetie; caleiom phos-
phaie cement; Mosclive gless; s caleium sulfsis [15-17]

The heslmg of vanous et of hone delfecl wit come-
pleie bone A1l hes been meporiesd folkvwing the we of he
guiled bone regeneraton ((IBR) techmque [18]. GBR u a
technique uwsed i preveni the mgrabion of soll ds=es,
which has more pronoumnead prolifersiive actviby, inlo he
hone defect (TBR promodes bone fommstion by the we of &
mechenics| hirner mich & membrames, sl thes mey ba
reshsirbable or non-reshsorhebie and may 2o be maoei-
ed or mol i bone substines, The GBR 15 widaly used lor
inesting peniodontal defects and odher bone delecis [19].

Ramrem sesbieming 15 2 poweadul lighl sesliering lschmaqua
sl b dsmgnioss the migmal sSnichive of molcules el
crygtals. Ramom specinmcopy 14 the mesmimemenl of the
wavelength snd inbensity of melsticslly scatered light from
molecules. The Ramenm scatiensd lightl ocours sl wave kenglhs
thai sre shifled from e meklent Hghl by the eneryies of
mglecular vibrations. The mechansm of Raman scatiering
14 dilTeremit Frym that of nFrared shapmption, snd Ramem snd
inkered (IR) specta provide complemeniary mlomedion.
Typical sgphcations are m struchne delerminstion, muii-
comprmeni quahtiive snalyss, snd quenbitsive snalyss [3,
4]. s we allows kess mvasive and nondesstructive aalss
of haodegeal samples, allowing one Lo gel precise informs.
ton on bacherncal compasition. [ has been oomsdensd
elfeclive 1o sses lBmes sl the moleculer leval md hes
been used on severzl nommvasive disgnostc spplicslions
of Woloricsl sorples such & cancer; humen conmary -
temies; blood snslysn; mplais cell culture; bone dibess
and bome healing and 1o evalusie the micostruciune of
humen cortical bone {(oslem) al bomsenak.
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We have used Rarem speclrscopy =8 2 mebod of &s-
sagmmenl of the allfecis of lser phololherapy (LPT) on bone
healing under b Merenl mucdeals [20-24), including Fachines
[3,4]. Our previous resulls mdicsts thal nesr.n Frared (MR )
LPT © allfesiive bo imrqrove bone nepeir manly dus o s
higher pemetrsiion inlo bone when companed wath visible
beterr light [15-17, 149, 25, 24]. The use of LPT n shucies
mvalving bine heslme i3 2 hol bopie l=igly, and meny have
demmatrated poabve stmulskry alfecls sven when &so-
i lesdl iy baowrlerials [3, 4, 15, 17, 19-24, 26-249].

By usimg im e d e i bion (ATES or AR30 nm), one can
mimimize e inlerference of the suloflluwrescenca on the
Farun spectra from biological specmens [3, 4] On the
gther hanad, thers are molecules capable of inberscimg wilth
hghl m & dalTerent way. The alsomplion of the hghloocurson
tha chromophores thel e molecules capahle of shsarbmg
&ndl emniimg hight by Nuorescence. The shsorbing siles &
known e Nuorophores. These malecu | will shaorh energy
of & gecilic wavelength sl reeemil eneryy &l & difereni
(bl equally specific) wevalenglh The amounl and wave-
kngth of the enntled energy wall depend on both the M-
rophare aml on iis chemczl envimmment On this goup, we
ey include Meving, protein, ool lagen, elstm, NADH, snd
pimplyring. This # the case of & commensial devics callad
DA Ol et ®,

Many molecules sre shle o mierscl with lght by s
shaprplion by chromophores thal, on molscules alio caphle
ol emifimg lghi (AQuorsseenea), 2 known =3 Juorophones,
Thesta strichives will shaorh enerpy of & geeci fic wavalkngh
sl reesmrnl il @l & different, bl equally specilbe, wave-
lengih. Flavins, protim, collzgen, elestn, HADH, ad por-
ployrms ame Muorophores. The miengity of the Auorsscence
& dmecily nalaied io the amount of Auweophores =1 he i,
Flupresceneos on living omgmisams & manly meleisd io o
gamG oomponenls apabile alsy pliys 2 amall mle mothal
[30-32].

The DIAGHOdent® (A655 nm, moduisted, 1 mW pesk
priwwer chode brier combmed with & long pass Alier rams-
rrrissiem =AAR0 nm & the delecior) was wied mitally for the
dizgnoas of denial caried, bul we have used il previously =
an gplical Wapsy method o stsess bone heslmg on bdhaal
Frachures [20]. We fownd thal Pesrson comalsion showed
thai Auorescence resdmgs oomealsbed negsiively wath the
Ramen dats smd omcluded thet the uwse of holh methads
milicaies that the we of the biometensls ssocisied with
mframed LPT resulied in & mors sdvemesd snd bgher qualily
of home repar in Frachines fresled with romplales md thal
tha devics may ba wed o perfirm optical Bopsy on bone
[29].

In surrmrery, Frechines sre cormmon @nd disshlng lesons
[l sy e iresbed by means of sevenal echmgques and devi-
ces, The chinos of the esimeni depends an the type, sk,
e ebiokoey of the iraume, Ususlly, inbemal fxston of the

Fragments either by platimg or wirmg @ the method of
chaca =5 they reduce dislocsiion of ihe Fregmenk preveni-
ing Alrosis sl reduemg the g between fragmenis Plad
tmg # most ollen the recommended chace; however, il B
ooslly, Wins osleogyniheds 13 the seoomd oplion & il & smi-
rigid. In caes of lorge bone sses, the we of bone gralls
&ndl membrane & recommmended. The use of lghl o mpmove
hamne meuir has heen wadely repaoried moihe iersiuse . These
aipracts prormpied s kb stidy 11 moproverment o the repar of
Frachires tresbed by wmng bomaknal, membrane, sl
lzsr would resull in 2 repar somber i the e obsered
when platimg 1 weed, = & way of poasibly reducing the cosi
of the resiment

Tha &im of this duwly was bo evalusie, by loer Mwores-
cemiog dmd Rammn spectodcopy, the repar of complets tibaa
Fraciure in rabbils iresied by wire seosynbess ssocisied
or il o the uwe of 2 biphesic ceramic grall smocsbed or not
Loy e s ol GIBR el trrscisted or med walh ATRI o beser
in rabbils

Materink and methods

The Amimal Ethics Commrities of the School of Dentistry of
the Fadersl Univeraty of Bahia has spproved ths resesrch,
Fifleen hesalthy sdu bl male Mew fosland rabbals (-8 months
olik mean weighl, 2 k) wera kepl under nabursl conditoms
of light, hwmdily, sl tempersiure =i the Leborsiory of
Antmal Experimenistion of the School of Dentidry of the
Federal Lmiversity of Bahia during e expenmenial period.
The anmmals wers fed with stenderd Isborsiory palied disi
amel had weler ad hibum, The snimak wers kepd m individ-
ual melallec gepes; kepl & daywmighi lght oyele; and om-
irlled iempersiure durme the expermmenisl penod. The
animizls were randomly distnbuted mbe Five groups
{Tshle 1).

Prior iniramuscular geners] anedhess, the snimak e
ceved scepromarme (2 mepky Acepran®, (02 3% Unveil
5.4, Cambuci, 5P, Brazil), The snedheda was caried oul
20 mm lster with ketemmme (Ketater®, S0 mg'ml .4 midkg,
Lah. Parke Davis Lid, 530 Paulo, 5P, Brasl) amd 2 %
ylazing (Rempum®, 20 mg'ml .2 mlkg, Lash. Bayer
Health Care 54, 550 Pauke, 5P, Braxil), The snmzalk hed
the righi leg sheved amd & J.cm-long inction was per-
formed &t ihe righl tibiz with & no. 15 scalpel blade, Skn
andl subculsmeous bawes wens disected down Lo the pen-
oy, which wes genlly sechonad, eipoang the banea A
commplels surical bibial Freciume wes cresied on anmzk m
groaga I I, B, and ¥ with a cashommdum disk (Moyes
Union Broach, Yok, PA, USA) under waler refrigerstion

Ammal in grup 1 had the bone fragments fxad wit
wire osdeg@mihesis (13 mom, Moreli®, Somocsha, 5P, Hra.
ml). Anorels mogroups [ and Y wens gralled with the (L5«

£ Springes
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Table | Descripion and dissi -

bution of 8 groupmon Beatey G0 Procdum Desorpmon
1 Bazal bame Comind —no fhactae
n Wire ostecaymibesis (WO} Fractar flaed wifh wire only
1 Wire ostecaymibesis-Hhiomaterial (WO+B)  Fraciue flaed with wine-+Genphos®-+HGendemd
v Wire os teeymihesis +laser (WO-L) Prastwe 3 with wire-+laser
W Wire oi ta~+ivioimng derial -+ laser Praci e fled vl
(WO +B4L) wire-+Conphaad+Gonde s +aser
o particle cerame grall (GenPhos® HATCP. BAUMERY,  Ramen speciroscopy

Maog Mirm, 5P, Braal) and covered with a demrimerahzed
hosrine bome membrane (Gen-dermm®, BAUMER®, Mo
Mirim, 5P, Braeil) prior stmiler Gxafion used on group [
{Fig 1) Amimels in groups [V and V were further irmadisted
with Eser light (ATRO nm, 50 mW, CW, sl area of
05 em®" TWIN FLEX®, MM Optics, S50 Carles, 5P,
Brax (). The irmadistiom dared immedistely afler trestrent
prior suturing (16 Jiem™, 44 Jiem®, 9] per point) and was
remsculameously nepesied sl every other dey duning 2 weaks
Afler suburing (#-0 polygisctin, TRUSINTHE, Sutures India
Pyt Lixl Bamgealons, Ksmateks, Indiz) snd (40 mylon, TRL-
SINTH®, Sutures Indis Pyt Lid Bangakore, Kamatsks Indiz)
the animals receved mitamuseus mbbobct (Pentabid-
tico®, pemicilling, streplomyein, 200000 UI 02 ml¥yg
IM, Lazh Fore Dogde Salde Anmmal Lids, Campinss,
$P Boxil) and (Banamine®, Munixinmeglumine, 10 mgiml,
.1 milikg M, Intervel Schering-Flough Animal Heslih,
Cruzeing, 5P, Brasil)

Flugresscemos resdmis

A commencial device (DIACGMNOdent 2095%) was uged
b oollect the Muorsscence resdngs (W65 nm) socond-
ing to the matuctions of the menufsctrer (Kavo, Cher-
mEny . Prior o the smalyss of the specmend, & mhol
shudy determined the mean values of the readings = the
surface (hasling) of non-resied subjects. The deia wana
slslighically smalyzed, and no sgnificant differences
wera Found babween the readings of the issied smples
(p00d1). On the expermentz]l specimens, the dsis
wers collackd wioe: prior Lo the ekperment (hatelme,
for poimis &l the surfsce) amd ai the end of the exper-
imemizl tme belfire the remuwval of the specmen (four
penis =i the faciure surlsce) The mesulis were anslyzed
using Minitsh 150" soflwere (Minitsh, Belo Horizont,
M, Brazil) Date normality wes sisesed by the Kol-
mrrny—Smnmay sl ANOVA and Studeni's roless
wers used b ddeniily dilferemcss bebwesn groums.

' Beam @ wns measared with o calivngied digial caliper.

Ll Springts

Followmg smmel desth 30 days aller Facluma, the samples
wers ongilwlmally cwl under refngerstion (Bueler®, Taomet
ThM100k Makhan, Ontmio, Canala) smd dorsd in ligud
nitrogen o mmimize e growih of ssobce baclena =l
hecsue the chermos] fisstion 5 nol sdvisshle due o Nuores-
cemios emrn s fmm the Aixslive aibssness [3, 4, 29, 33].

Prior b0 Rarren study, te sorples wers ongiludinal by
ol amed warmed graduaily i soom empersiume, and 100mL
of szlme wes added i ithe surfece dunng specinmscopc
mezrements. For Ramen measuremenis, 2 Ramen sysem
(P=1, Lambda Solutions, Ine, MA, USA) wes ued. Aogqui-
gabion sl storags of the Ramem dala were done with 2 PC
(Dl Ingpiron mged. 1500 ) and RarrsSo A sy fiwere {(Lamb-
da Solutiong, Inc., Ma, USA)L The beer power wed ail the
sammple s wes of 100 mW with specinal scquiilion dme
10k 5. Three pomis were messumd ai the Faciuned sie of
e h dpecimen. All specta were collecksd on the same dey
Lo wvoad opbcsl muahmments s changes in lager pover.
The mesn valus of the mismidy of the paak (-958 am ',
phusiphate 4 ) wes delrmnad by e averzge of the pesls
om this remon. This inbengity & releisd io the concenirstion
of caleum hydngyapstie (CHA) of the bone. For calibra.
tion, the Rarren spectrum of the sol venl indene with known
peaks was wad due bo it inlenss bands (801, 800am “im
the Angerprnt region [3, 4, 20, 33].

The mdene speclrim wat als mestured asch bme e
sammple was changed (o be sure thal ithe later mnd collection
optcs were oplomzed In onder o remove the “Tuomecences
beckmound™ from e ongmal specinom, a O fh-onder poly-
nornal Gitng wias found o gve bebier resulis o lisding the

Fig- 1 Pimal sensp of de smgical sie. Node fhe presence of g wire
and e TbEms COVETing e pantckes of e biomaernal
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Raman Shift gm")

Fig- 2 Nagmm showing fe main Raman peais ofssrved on bone
i =

visus testion of the pedks of CHA 958 an ') found on the
hone. A basehine Rarem gectium olmon-drastal bone {group )
ward, &lio prochiced snd aclel = conirgl (Fig 2). The dets wens
enalyzed by the Mall #h 51 s lweme (Wewark, M, LISA) for
a&ﬂmﬂmwmimmw
amalysi s et perrmed wing Minitsb 150 so fwee (Minitsh,
Bk Hormmomie, MO, Brasl). Comelation between R sl
Muresscencs dete was camed oul wilh Pesrson oorslsbon
Symilicanae level m all cases was sd =i 5%

Foesul is
The Ramen spectm of bone shows prommend vibrational

hemak mlaied o bsme ommpositon {mmera =l orgmic me-
trices) Figume 2 shows the bome man Ramen bands =i 862

FBaman Pash B83cm T ua)

Fasnan Speciral Amalysis
5% I1 lar tha Fhan
3 =
1754
¥ R
= 1583
3 e
e S el
= 1153 b
(R
169
Wi
5 |
L ey [T 1
: e
3] BT FETr=y
=k -
T
Dl Ciosras: W b= | WO+l Wi+E+L

Greups

Fig. 4 Memn intesity of Se pak of CHA(~55% am™ ' on condrol and
tmaiad amirna bs

95K, 1,070, 1,270 md 1,326, 1,447, =nd 1 668 cm ", The hend
sl 1,668 cm ' and the ones st 1270 and 1326 om " ame
sltribuied] b0 mrmde | sl 01 dweiching maodes of hpds sl
prokeins; heband st 1 487 cm ' & dtrbubal ko the bending snd
streiching vibrabion modes o CH grougs o bpads sl prolems.
The ones st 958 =l 1,070em " are dinbubal & phosphete sl
carbomnabe nydeox yepalie (HA) Fom bone mmermal, nespect ve-
Iy, the hand st 862 am ' msy be sirbuled & the vibmtin
bamels of OO sireich ol ayllagen fiymsmeafrolne rmg).

Figure 3 shows the mesn specta {diulocsied) of CHA
(~95Kem ') om control and trested snimak. The miensity of
the Raman shifl & dmecly melsied o the concenirsion)
incirporabion of CHA by the bina, S0 higher inlensaby
rapresenis hgher concenlration of CHA. Batal resdmps
showed & mesn value of 1,234 384220, Groups WO+ B+
L shemwed higher resdings {1,680.22+822) and group Wi+
B the kowest (501.425£328) (Fig. 4). Table 2 shows a
summrEry of the dstsical analyas

| NSNS

S

= Mot gt 41
I_‘.‘_,.-‘_"—-.d—"-rq..-—'-—'-.q__._r.‘_h.l-_;::‘-u.
P T
Wo+B
] ER] R F 1383 i ] 1340
Forman 5n it (om-)
£l springes
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Tahle 2 Mean and siondawd deviation of fe praks of fe Roman shif
of CHA, 558 emi') om the grovps

Tahle 3 Meon ond siondard devistion of e fheomscene {ou) rad-
IIgR O T GXA

DD Madia=+[¥P Gimamp Mman =50

Basal Banea L E43EsTbeds  Boalbonsa 313320 T bede
Wik 185 ad Wk BYIGETI0 S ace
Wo+He 01 4AR:ITEade Wi+HE e Izldaphdes
Wo+L d TIEER+I9abhe s  WOHLA EIIE0 5 ace
Wi+BE+L e 1 EEGFraErtahed WOHB+Le 1 GEEET+0.% aed

Lostiews o mighl- o siche 2 iovharmvm imectic e s oo e of skgmificam
dif e between gooogs on fe kefiband side oobamm
P03

Fluomescence basal resdings showed & mean value of
SHIITE07; group WO showed higher resdngs (691667
+0.9) and group WO+B+L the lowest (1.66667+0.5)
(Fig 51 A swrmasy of the Auorescence resdings and da-
bt &l snabysas may be seen on Tahle 3.

Peamon cormelation was negstive and sigmificant
(#F==(60; p<0.001), and # was mdicstive that, when
the Rarem pasks of CHA sre memsiad, the leval of Muores-
cemiee B reduced (Fig. &)

DV ueset v

Rarman spectoscopy may be used o sccess the molecular
comstibitom of & dpec bc lksue and then clbsta By il accondmy
Lo wbiMeremoes obaerved m the spechra [34, 35]. Several
stuchies fund elswhens on the hiersire e shown success.
ful use of nesrn Frared specirmoopy (NIRE) & & disgnoste
kel for healthy, dissssed, or heslmg bames [3, 4, 27, 29,
33-35]. We have swoces fully used Ramem spectosompy Lo
deermmne halth mmeral snd orgenie component changes on
the hashng hine, This melhod of sssamenl B comsidenad
by our beam sl olhers &% & gold semdand 1o study bone
components [3, 4, 27, 2, 33-35].

Fluorestenie Readings of the Fractured Site

O OO o e P
' pre=y
BN
7 Bl
L% ] & BRELE

E E B EFFF] tam BRI

y T
i 4 igk

1 ¥

3 ]

2O ?lllll
1 1 m
Hannl Bore WO W +0 Wh+L WO sL+B

Eoapn

Fig. & Mean fhoomesomee madings on ¢ onbnl ond teaisd avima b

£l Speinges

Letiers om righd-bamd sicde oohamom imdica e e o curmene o of i g fie o
diffememoes between grops on fe befi-hond side ool mmm
peoas

The DIAGHNCdent® 13 2 device ongnelly desgned o
dizgnose caries. The liersune mponisd the deiection of
incalciumphasphate, dicaleumrphosphabe-dihydrate, and
calcium carbonsle messured by Quorescence of pure pelles
with exclabon al X655 mm. I & imporiand (o menlbion that il
has been shown thal s device prsenb good reproducibal-
ity both m vive and m v, We found omly ane nepaord an
the hHiersiure on the we of his devics = = opbical biopsy
miethod, sl st ler b thal repaor, we decided o we Ramen
apechosoopy &% gokl sandend [29].

Cme of the modeals we have used for ssessing ihe allfeck
of lzser lighi on bone is the compleie il Frecne one, Tha
madal B very complex amd allows several irsaiment
approaches. These melude the we WO amd mmiplaies.
Asspcited by these restmenl methods, we have alay sa.
cizled them o biomebenals and guided bone negeners.
Hon [3, 4, 24].

The e ol phololherspmes has been swooes fully reporied
fipr the imgrovement of bone repar inder dilferent cmedie
ons [3, 4, 15, 20-24, 29, 30, 33]. The effeck of the we of
light soumes on hane sre sill coninoversizl, & previous
reparts show dilferent or conflicing resulis. 115 passible

Coarelation betwesn Baman and Flusrescence Bata

§

B E E

Pl (a0
Fig. & Gimphical illesmation of the Pearson conelation. | i shoen os
4 Desgaiive and significan comslation beivg indicarve thot, when e
Roman pais of CHA ae inceased, fhe level of fheescence was
el
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that the elfec of diTerent Hghl sounces (n bane regenerstion
depemds nedd cmly an the bolal dose of imadision bui 2ls on
the irradisdion time snd the imsdisbon mode [3, 4, 15,
20-24, 29, 30, 33].

Il sobuch et imclicsted hal rrsdisied bong, mosty with [R
wavelengits, shows memested oslechizdic prolifersbon, ool-
legen depasiliion, and bone nee-lfrmeiion when compned
with non-irradisied bone [3, 4, 15, 20-24, 29, 30, 33]. The
wrridlistion probooe] wed m (s sudy ® domlar by ose ueed
on pEviows reports [3, 4, 15, 2024, 29, 30, 33]. Our growp
has shown, using dillfereni models, hal stsoaston of bme
gmlis, BMPs, and guided bsue rgenastion does orprove
the healing of bone tissue [3, 4, 15, 20-24, 29, 34, 33].

In &l prodoooks, maodels, mad pasmstens we wal previously,
waa wems shle by demonstrals tha NIR LPT csused arqortnt
tiaae respaoses durmg healing, s thess wers regpanable for
& quicker repar proces & well 2 on the orpwved quahity of
the nawly formed bone [3, 4, 15, 20-24, 29, 30, 33].

Weumly foumnl & previous reponl using 2 simnlar madel o
the one wsed m the presenl swdy, and the complele mder-
gbmding of gur resull rerenng BBeull [3]. Thers e sev-
eral smpecls b comsider with regand i the techmgue usad
Initizlby, il 15 ooportent b cmader thel the repar of frec-
tured bones i3 lengthy, when compansd wath other types of
bamy defeck, mnd demsmds dsbality of the fregmenis in
amder nod i develop nomunion. In our study, no such case
wizi found. The presemi mvesiigslion was analyzed by
MIRS, the mtemsity of the shift of the CHA 958 em ')
[3], &nd Nuorescence [249] of sibes of complebe bl frac.
tured m rebiiile. The Fraclmes wers roalmealy brested by apen
reduction sl miemal Axstion usmg wire eiieosynthess [3].

The irradisbion protocel weed on e present dudy was
based upon previous reports [3, 4, 15, 2024, 29, 30, 33).
We have previously found ihei the levels of CHA on deep
aresd of heslmy bone of irmadisted snd non-rradisied @ib-
ok dilfer sigmificenlly from dey 30 afler restmeni [3, 4,
15, 2024, 29, 30, 33]. In ths swdy, we wena ahle Lo delect
dilferemoes on the CHA levels of raciured sikes when inler-
nal Axsivm wes smociesd b be we of Womesknal ad
laseriberapy. On the presend sudy, the misnsty of the
Rz shifl wias found bemg direclly relstd to the cmoen-
raikmAncomporation o CHA by the bana, 5o, higher inlen-
aaty represemied hgher concenirstion of CHA. The Ramen
regulis showsd bessl resdings of 1,234.38 + 220, s group
WIHH+L wai the one with higher resdings (1L,680022+
822), and group WO+ B showed the kywest (501 425 £328).
The Nuorescencos dats sme coherenl with the Ramrem dats a5
these showed hesal resdings of SHIRI+007, and groups
WO presemied higher resdngs (6.9 667 +09) and group
WOHH+L the lowest (1.66667+0.5). I i3 fmponiant bo
nabice thel the Pesrsom comelston wes negstive and agnil-
scant (& =—(L&; p<000 }, and # was indicative that, when
ithe Raman pesks of CHA were increasd, ihe level of

Muoredcence was reduced (Fig. 61 The wes expecied as
the Raman dats wers sssocizied i the levels of momerahizs-
ton sl the Nuoresencs dats o the kveal of dermensh zs.
tign. The 8 in cemplel agreemenl wilh our previous repor
[29]. The use of bolh methads mdicsies that the we of the
hiorrmlenal sapcisied o NR LPT resulied on & mone ad-
vamoad quality bone repar on Fraciures resied with W0 =l
thai the MAGNOden® may be wead b perform oplical
hiopay an bona,

It 1% comeluded thatl the wse of NIR bker photothersm
apociaied b Ha grall and GBR was ellfeciive in orproving
hone healmg on Frectured bones & 2 resull of e menassng
depemaiion of CHA mesiuresd by Ramen sgrecoscopy sl
decrassa of the orgnic componenis & shown by the Q-
rediemos reshngd.
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formation after rapid maxilla expansion: a Raman spectroscopy analysis
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ORIGINAL ARTICLE

Effect of the laser and light-emitting diode (LED)
phototherapy on midpalatal suture bone formation
after rapid maxilla expansion: a Raman spectroscopy

analysis

Cristimne Beche r Bosa + Fernando Aatonio Lima Halils -
Telma Marting de Aranjo+ Juliana Silveira Aragio -
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Absiract The amm ol ths sudy wes Lo analyre the ellsct of
lzser o hghi-emimy dwode (LEDY) pholodherspy on the
bume lormaton & e modyelsts] suure atfler apod T lla
exmEmaon Twenty younmy adull male s wers divided imio
loar groups with B days ol expenments] bme: group 1, na
tresiment;, group 2, expaEsion; Eoup 3, expmsan ol bwer
mradiahon; and group 4, expamon @md LELD mmadisbon. In
grougs 3 =l 4, lehi mradiston was in the (sl thind, =nd
ffth expermmenial deys. In 2l gous, the expmnson was
scoomplshed with a hehooad (2 stonless deel ontho-
dontic spring. A diode lemer (ATH nm, 70 mW, spaol ol
(.04 cm®, (=257 s, spetial average energy fuence (SAEF)
ol 14 J."cmz_:l o & LEDY (AR5 mam, 1500 mW = 10 mW, spod ol
05 en’, r=120 5, SAEF of 18 Jan®) were used The
samples were amalyred by Ramem specinsomy camed ool
#l mdpalsis]l sbire and s the corhcal ames close o the
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swire. Two Ramem shilfls wene snalyred: - 4960 {phosphaie
hydroxyapatite) and ~1,450 cm * (hpids and prodem). Dets
wizs subrmiied o stistcal malyss, Swmificani dsbdical
i Hememoe {p = (L5 wias Tound in the hydrosyapatie (CHA)
peaks among the expamaon group @nd the epeanamn =l
|z or LED groups. The LELY group presentad o gher mesn
peak vahies ol CHA. Mo sshsheal diflermoss were lound
belween the iresied groum = lor collagen deposiiaom,
alihough LEDY alsa presenisd hwher mesan pesk vahes.
The resulis of ths sSudy uwsmyg Reaman specinal amalysis
mchcale thal bser =aml LED hghi imadwhon improves
depoation of CHA m the mudpalats]l sutire aller omho-
pedic expEmsiomn.
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I ntrodwetion

Podenior cmms ke 15 one of the meoel Frequenl melooce]u-
suwms olserved in the dilfereni phases of the dentiion
Sevenzl meporis indicale thal this aliersiom s nod sell-
oomrecied and recommmend thal tesiment shall be camed
o @i the milil dage of the pemmemeni deniiiion [1].

Rapmd mexill expansim & one of the mod comomon
tresiments for maxillary atresm [2-4) that 5 one of the mam
catses of podenor cods e mnd hes been wsed i mone
than 3 yeams [5]. The chamges caused by the inestmeni are
proremly locsied m the besa] bine, moesang the upper
arch dimensions through the midpalstal suture (orthopedic
elfeci) with pastenor ieeth movemend thmough the zlvealar
processes m dilTerent inlemsilies dependmg on the plent'’s
awea and matunily {orthadoniie allaat) [1, 6]

The clmical procedure ir maxil ks expmaon moludes an
aciive phase thal releses |slem] Groes and 2 pasive phase,
which includes the use of a retminer. The acbve phae =i
1-2 weeks, depending on the magminde of the o ey
atresia [ 7], Expumded srches cam relepse rapadly 1Fa retziner
15 ml used For 2 long perod [4] Afler ihe expanaon,
mzinizmmny the expmsxm apphance m place for & mmmen
prerind T Fromm 3 [7] up bo 5 or more moniths [6, 8] &
recorrmmended io allow reogamrston of the mexil by su-
ture vl dissapeton of sccwmulsed Bbroes B, 7). When the
exEmaon device 15 removed, the pabent has yel (o me a
retminer fir minmoum of & momihs [6, 7] for chanoes of
rekepie are dimrmshed 10 ithe retmner whe 15 asdencled [9, 10].

Omez of the mon caes of mebpee 15 imullcen bone
regenersiiom in the mkdpelsial avure, I wowkl be benelical
ko acoelersie bome formstion m the region Lo avoul relpae
&l decresse ihe period of we of the relamer [4).

Lamw-miereaty Huhi therspy, comomaomly refermd io & “phao-
ivhaomodulaton,” when wed on bone issie, wses mamly
warvelemgths i the rered by nasrm Bamed {NIR) regon of the
spectnon, capahle of mudubsimg numenaes celluter mcboms
[11]. Bone Emmaiom sooelanston 15 one of the varous o -
miulatmy elleds of pholothesgres [4]. Laser dlicency in bane
hestimg has been shown m vemows pevious repods [12-14]
sl there ha sl been relemncs b scelesimg onhodonbe
rolh mewvemeni by st bsime celluber evenis [15-1 8], =5 well
& sooelasimy bane neolimmston m mdpets el expEnsom
cansess [4, 19, 20] Laser iradistion oould potentilly stimulste
the recruwimeni of siechleds md'or ther mshmsbon ilrowgh-
auul the bome edpges of the midpal sta] swure m expemaon [4].
Cilimiobbeits woulkd then mbapste sl maese e depoat ol
caleium hydroxyapatite nesilting in bone maturation and res.-
tmoe [13]. Themekme, the bmer sciim coukl moresse bane
requanr =l quahity of bone ressance [A] lesdmy b2 keaver
pemiodd of ralamer use @ & muore dable oochson However,
musl sheles m mgaw] i Eser therspy walh sulure expansaom
have diferni priocoks & ko kel dossge, ione, mxxde md

£ Springes

frequency of mrahabons, fedors el mivence fmal resalis
amal prenvem i prac se ooz hetwoeen shudes

An elfective allemative o beers oo hhl-amiing dodes
{LEDs). LED srrays produce light i fhe farmd to NIR at
ayploral wavelenpths =l eneryy densbes &l do mel el 2y
hest, which etornneies the denger of addhbomal bsave daroye.
Further, NIR-LED Light fherapy has been deemed a nonsignif:
tcmirsk by the FA and has been sppmoved for use m hmens
[11]. Rexemil sk ess by aomar fesimm haver prgyveed st imfraoed. LETY
light frradistion imrqroves deposition of hydlrosyaqutie (CHA)
1mhes mg bone wounds, Besulis mecboate thel LELY hghl cases
quicker repEr proces s improves the qualiy of newly
fommed bome [21, 22]. Them are no sheles however of ihe
elfeciol LED hyhi ssocmied o mdpelsis] sulume expasim.

Even though hghl memsoopy and 1megng are the usuasl
mahodk wed o obiin infimmsEion on bone fommston, they
&re unshle Lo provide dela in 2 moelecuter level [23]. Ramen
specinEoopy 15 & vibrabonal specimscopy echmgue wwed lo
ammess scaliered hghl Fom biologe molecules and 1ms.
Famm spectmscopy ooours when molecules wathm a spec-
mean &re excied by modenl Bser hghl Vibrahomal mobons
wilhin the molecules kel o amzll Fdion of the lighl lemg
enery and bemy satieresd =l longer wavdengths [24]. The
wavdength difBremce belvween scatiered snd mewleni hehi
comregrmd i molecu brespecific vibrsbons called the Ramen
st amd lesads o spectral banads that provide dinect mlorme-
womn shoul the baochermcal composabon. Ramom pesks ame
specirally namow, axl m meEny caws o he @socmied with
the vibmium of & perbculer cherman] bond (o7 a smgle func-
ol gmam ) m the mokecule [21]. The Raren spednm o
bone shimvs prosmment vibrastonal hends eelsed o is=ae
oomposton [21, 24]. Raren spectoscopy has necently been
sl in several stuches rebsiad io bone rmsiim [21-26).

Theme &re no repaorts of the wea of LED phoiiherspy m ihe
mlpalsia] sulure afler exparsion sl mly 2 few with laer
phodotherspy. The reaills of these procedures have nod yel
heen analyeed by Rarem specimsoopy abo. Theralome, the
aobjectve of this study 15 o evalusie he elfect of LED and
laer phobotherspy in bone mmston in the mdpalsis] suoe
alber rapad rosa llary expanson wang Ramen spednsoopy.

Materiak and methods

The ressrch has been developed acoomding b legsl =l
by the Ammal Expermmemiston Ethics Comombles of the
Lohool of Demisiry of the Federsl Universaty of Bahia,
B rzal {Prodaca] na 037140,

In this suly, = tolsl of 2 malke Wistsr rats' were used
and mEinlamed m the Labomstory of anmmal experiment of

! Gix weeks obd; mem weight, 170230 .
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the Sdhonl of Denlstry of the Federsl Llmversaty of Bahna
{FOLUFBA) The anomals were kepd 1n capes conlamme bve
ammak each, m room lemperstone ol 2236 “C with daynmghi
hyhil cyele. Belone the exgparson paocedu s the som mols wens
it uncler anesd hesaz with 12 ml 100 g o lquetzmme | Vet 2,
S&0 Paula, 5P, Braal) and & mb' M g ol xylberme {Coopa-
smel, Coopens, 530 Pauky, 5P Braal), The expamsion devices
omaded of 2 inple hehomd sprmy mmode of (LI20F damles
o] orthodonbs wam {h‘[-iltl]'i'j-', Somcsha, 5P, Braal). The
nple hehomd spong oocoumed 8 1.5 mm space belween the
motirs when imtalled @l had stem] hoks thal sl = a2
suppar K resm bond mg ol the devaoe o the ieeth (P 10 Al
devices were momu achiwd m the same ane and the mple
el mesaiwd witha duntsl cabper

The ral's supenor Inosnms wene sequemaied wath a rean
spEiula =l the expanamn prme maalled 1n the mdhne.
Enmnel comdiixmmyg of the mesars wath 37 % phosphonc
acid g2l {Alpha Acd®, DFL, R de ke, B, Braal) for
6l 5 wes perlommed, ollowed by neme @l drying ol the
leeih s murlace lor 200 & The bonding wies acoompl shed with
an adhesive sydem (Mape Bond®, Vigodenle, Rio de
Jamenr, B), Brasl) and compound resin (Fill Magie® Vig-
ademie, R de kmemn, R, Braal), simultEnecusly hghi
cured o 40 8 (ULTRALED XPE, Daln Adlnie, Ribeirso
Prelo, 5F, Branl).

The rais were dwvided mio loar groups with B days of

experimental bme: groap 1 hesal, no restmenil; group 2,
Exquma o 3, expansaon @nd | spplcation; group
4, expamzon and LEY sppleaion (Table 1) In group 3,
there was |ater spplicaiion 1n the fmid, fand, and Glith ex-
permmentz] days (48 h miervals), The parameters chasen in
this mesesmch ame sormler lo the omes wsad by our kes=m
previows sudhes imvolvmy bone lirmaton 1n wiound hes|my
wilth pasitve msulis [12, 21, 22] A Dhxle bser {Twin

Fig 1 The mmiple belicoid spring weed on fhe study The spring ooos-
pisd a 1.5 mm space batersen the inckors ond hd loem ] books Sat
served o5 o SeppoR B nesin bonding of e devics io the et

Tahle 1 Prodoss| Dfﬂ.pl::l:lll, loeemr, amd LETY oo cmes

LESfeE ] T s Lassr cr LEY
1 Biasal {rad e iriesnd ]

z EXpancsion e

3 Exparesiom + ks 45 b md=rval
4 Expamesion +LELY 45 b masnval

Flex®, MMOphics, 580 Carlos, 5P, Branl) or a LEY
(Fianl ED® MMOptcs, S8 Carlos, 5P, Branl) wes wsed
il radsinn camed oul perpendiculEdy moasmyle pomi
al the modpslsts] suture jus behind the supenor incsom In
amder i debiver i the inaue the squivaleni enerey (Dol 18 1
lor both bser and LED equpments, comsulenng thel the
lwhi sources presenied ot el ouipul values very dis
crepani from each odher, spaim] sverage energy Muemce
{SAEF) was calculsted {18 Van®) and wied & our admmis-
lere] dnsmpe. The ares wed lor the caloulus ol SAEF was ol
1 e, madesd of the sl @mes, regamdmyg the scaflermg m
the bssie and the CGaunsen denbuon Furthenmore, 11 was
maguedead kv the memulschirer thel the leer sl LED aquip-
meni wied m s resesnch be cahbrated cmsxdermy ths ares
of 1 an® i the calculus for s suppy ol ithe energy deosiage,
therelore providing a mome [ar comparson belween the
equipmenits. The tolal dose used bor groups 3 and 4 was
54 Jiem® (Table 2).

Al every 1madwmiion sesswm, the smmals were umnder
mmestheaa with the sme substmes usad while the expm.-
swm devioe wes matalled, bul with only ne thind ol the
dorie, smnoce laser oradinm demmemaded less tone then when
mdallmyg the devios. & moulh opener was wed dunng the
prooadures ol laer mradminn. The asnmalk were killed =i
the end ol each expermmenial penil (8 days) wath weneral
mmesthena overdiosa.

The ral s mroncl ks ol a&ll growps ws dhssaciesd and sored m
lguad mitogen b be evalusied by Raman spectmscopy.
Laguud mirgeem 15 wsed i mmomize acenal growith amd
sy hecmme chermcal fxation @ nod advisshle dwe to Quo-
mescemoe em EAms om xshve subdanoes. The ares evals
usled comesponded to the same poanl 1n the rodpalats|
swire where LEY and leaser hghi were appled. A beslme
. =rem spactum of nontrested bone (oommical bone ) wes alay
wremeraien] sl scksd & & conlml .

I zrem spactroscoqey

F =rem mesamements were perlormed i the Laborsiory ol
E =ren pectnscpy ol the Cenler [ Brophodonics, Schoal
of Dentstry—F aderal Lnwenaaty of Bahia & dispemive
n2ar-inirEned Raman specirmomeier (Andor Technology,
mixlel Sharmock SR-305%, Bellfad, Nadhem Irerlamul ) ‘weas
sl
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Tahle 2 Lass and LELY pamneses

Pamuroese s Lager LEIY
Warve b { man T w40
SAEF (Mam’) 1% 1%
Exewgy () 1% 1%
Crapeat o W) T 190210
Chaipesi (W) T R E ST
herninegied aren i e fiwmee {am ) | |
Mot W Cw
Applcation Unindacy Uoinidaci
B jemn’} oo E]
Energy dessity (MNem®) 450 16
Powar demsity { Wham') 1.75 03
Exposare fimns pS 525500 (5] T 120

The agupmenl uses a wavelngh-damhred dode bxer
tuned = TR nm (B&EW TEE, masdel BE M-TH5=(1 3= 1{H}-
122 5, Mewark, D, LI5A) wiath S m'w o memrnmal rweET
coigrled by @ Aher-oplic based “Raren probe™ (BAW TEE,
mindel BAC-T-THS, hewark, DE, UsA) m onder i pro-
vile excilaton of the sample and collecton of the Ramen
spacira 1n repestshle excisiwn collechon geomeiry. The
Raman probe has = excitsiion Fiber of 105 pm amd =
collecting Aber of 200 pm. The collecton fiber 15 coupled
kr & dEperave pecinaneier, composed of = meging spec-
trowraph = & “back hmnead, deep depleton™ OCD camearma
{Andior Technokegy, mode]l [DUE LS00 A-BR-D0, Bal-
=i, Marhem Irelmd; 1024<128 mrek, Pelier oooled,
=Tl ), which deperses and deleck the Ramem scafieresd
hight. The Sohs software {Andor Technokgy, Solw (1) sofi-
ware, Ball=d, Morthem I bmad) coniroks bodh OCD camena
andl specimrgaph moemms of @eimy poabon, shi speriume,
number of socumulstoms and lome epoaine, o= owell
specinal calthraton of the Ramen shifl The s sl wsimy
comfAgurstions provided a specinal mesolution of about
4 am ' in the spectral rnge of 400-1 800 cm ' The ler
primweer messured =i the end of the Ramen probe excitsiun
i wezs SR arae

The Ramen sydem was oontmolled by & Windowstesed
mnemcormpuler, which siomed and preprocessad the spectal
date. The specinal scquisiton bme for esch collecton spot
wizs that of A5, Five poinis were mesturesd =i the surface of
ithe comtcal ares of the delecl resulimg n ksl of X6
specira. All specima were soqumed on the same dey =nd
miniam comdhbins io svond ophcal msalymments and chamges
m Eser power

IFor spectograph calibration®, uwsed respecively, & speac-
tral mrademos boop (Onel Ismumens, maodel 63358, Sl
tiord, O LUSA) with kmown specinzl curve, which hes been

# | mesmeRrty COomaE D0l e wnvenante i C Al on

£ Springes

mezairad with kong exposure tome (=10 mn) @l wed o
cormect the dilferences m ithe miemiy reganse of 2l oplical
oompinents along the spacts | mmge, anmd seven meqor hends
ol the naphihalens, where pixel posbon and known Raron
shill were Glied with a thind-omder polymormal, becsuse this
oompoimd hes spacad bamds 1n the speciral regaon Tl
1,700 am ', which & the region of miemst (o the Ramen
spectossopy when wsed for biologica] meiensls malyss.
The cahbration of the special dels was performed wane =
mubine develiped unler Msilsh 5.1 soflware (The Math-
works, Mewark, M, USA) Baselne specina of noninesied
hone wsed on the present swdy were produced and pesls of
iniemesi speci fed. Spectum of esch animsl wers fken a3
previausly desembed. Followime scqueiton, backmoumnd
Nuorewence wit Olersd wang a Allh-onder polmomal
(unction applied io the gmss specimum in the -
1,800 cm ' region using & routine developed under Matlsh,
Then Rarem specta of asch anorsl were sveraged (Fig 2)
Tha Raman spectum of bone presenis prommment vibra-
limal bemds melsed @ hsue composibon { rmera] =l
grgEnic componenis). The intemsily of phosphate
(-6l am ') 15 relsiad lo the concentration of CHA
{lypdmoxyapeboie) and CH growups of hpads and proteins
(=145} cm I_:I kevels comespomnd o rgEmic commpaonenis
{coltagen) of the bone. All dats collected wes submitied &
shulsical anelyss wmy ANOVA and Student’s e,

Hedulis
M lpuul=ts] mbTe

The intemity of the Ramen shift &t - 1,450 an © {relatve &
mainx ool legen ) represemis presence of collzgen. There was
sigmificanl dabshesl dilference m the collapen peaks when
comparmy all groups 1, 2, 3, and 4 (ANOVA, peo0U00 L
Commparson of group 1 6o 2l other groups (2, 3, and 4)
shomwed spmificeni stbiscs]l difference m 2l cemes (Si-
dent’s § bed, poc (L) When only tresied moup 2, 3,
amdd 4) were analyred no stetidical di Terence was observed
{ANIWVA, p=03K3 ). The peonad Shudent s §besial 5o shawed
nar sisbsical b Terence, even though group 4 presenied he
highes mesn peak value (KA41021.777, Table3)

The intensity of the Ramren shift =i ~90 cm ' frelstive o
mmeral phosphaie) 15 dmecilly relaed o e concenirain-
nimoomporaton of CHA by the bone. Higher inlemsities
represeni higher concentratons ol CHA . There wias & stalis
tcally agmhcani difference m the CHA pesks mmong all
groams 1, 2 3, and 4 (ANOVA, pe<(U(K] ) m the moodpslags |
swiure, with group 4 presemting the hghesi mesm peak value
{46.184417 706 ). Signiliceni stelstcal dilference ws zlso
arhserved whem compenng only the irested groups 2, 3, =l
A (ANOVA, p=0L019) with group 4 ako having the hoghest
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Bm -] Lo HE WRE

FEE ] Fii-] R 1m 1Fm

Faman Shiflt (ome=1]

Fig 2 Hamom specmam of montesied comncal bome, with labedsd el

mesn peak value, When compmng group 1 i esch of the
treslmend groaps 2, 3, or 4 individual by, swgmificanl stsivib-
cal dhilerence was boumnd lor all compensons (Siudent’s §
e, p=0012, p=02, pll 001 b CGrowp 1 hed the lowest
mean pemk value (16037+2.613) CGroup 2 compamed
mdividlly o the imadsied goups 3 and 4 also pre-
semiled sgmlcani stelutcal dilference (Shudent's § lesi,
p=iLid, p=0{HF; Tahle 4).

Comtcal bone

Theme was sgm heami stslnbcal difference when comparmy
the ool lsgyen pemls smaong all groaps 1, 2, 3, &nd 4 m the
corbcal bane {ANOVA, p=0HN}, =nd goup 1 hed the
loviesd mesm peak value (3513497 When only tremded
prougs vere oomrEred no dshswal dillerence was [oand
{AMNDVA, p= 0313 ). Gup 4, however, preseniad the kows
el mesm peak value {5520+ 16H; Tahle 5)

Tahle 3 Mean valwes=50 of the Hamon peaks for collagen
e, 450 o~} i e il il mstare of alll groups (2=5)

Swmilicant steluhcal o Terence was foamd when comrpar-
g the C HA peaks mthe cortcal bane amang all goups 1,
2,3, and 4 { ANIVA, p={LIN 0, @and group 1 presenmimg the
lowesid mesm peak {19920 +6.196). No stelwbcal dilTerence
wzs lound when comparmg only resled groups 2, 3, and 4
(ANIWA, p=0L189), alibough goupd presnied the ghesi
meam peeak value (30.7314+2613; Table 6}

[riscussion

In this sudy, the presence ol oollagn was evalusisd m the
milpalsial siuwre =l sishaical dillerence was only obe-
served when o wes mede between the hal group
{group 1) and all rested groups (2, 3, and 4). The el
groagy had the owesi mesm pesk value. [ was nod subormbied
Iy #my iresimendl, therelomre had no exiermal stmolus
aoceleraie collegen deposibon amd labier mneralizsim

Tahle 4 Mean valwes=50 of the Raman peaks for colligen
(=0 o) im e midpalaial swtee of al gweps (2= 5)

LES = ] “Tirsa et Lrnasy letier M=ame = 510 LES 1 E ] “Tinsa imvesed Lrnasy bstier Ml=ames [}

i B | a 13i0sTaed B | a I6E T2 Gl 3hed
z EXparsicn <] T.TES 00 z Exparsion [ P TR E Y e Xy
3 Exparsion+| e - TIP] 21 b 3 Exparesion + keer - A4 4Te19.T00
4 Expazsica-+LETY d E41021. 777 4 Expasion + LFY d 4 144217 T

Sspemonpt lete s indicme S e value i significanty difeen fom
e vabee of e g with 1he same lager

Suparsonipd leners inadicane fhatdhe whee i significanthy i fiarea fom
ke vates of e grosy wiib e s oo
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Tahle § Mean valwes=X0 of the Ramon peaks for collagen
{1,450 am '} im contical bewes of all greges '=3)

i ‘Treatroest G lemer Means 250
1 Baxzal a 38703 abghued
z Exparcsicn b BT 339
3 Expansionae c TA023 473
4 Expansica+LET} d & 4041 S50

Sapemcnpt letiers indicoe fhat fe valwe & sgnifianty diffeen fom
e vakee of e g with the zame laser

rather them the nommal aure’s chsume process. Among the
trested groups (2, 3, &l 4), no steiwbcal dilerence was
loamd relsed o collagen depostbhion, however, the LELY
group presenisd the hirhesi mesn valua.

(Hher studies hawe melaed thel m conlmyl @anomals, md
sitharniiex] i amy imessimend, such &5 10 our hesal group, only
mnnor swhire chenmpes relsied do nommal gowth eoour @nd
the width of the suume reamen te some [27].

Expmsion aline 15 alresdy & shmuhs bo ool Egen degaoe-
sttomim the mdpalsisl subire, for bone neolonmeion begms
with an ongmic nimomnerza] mainx Fibmbksis prohlerstiea
#ml repanr suhiral connecitve issaies balone osleopenea s and
remardelmy of the sume izkes plece [H, 28], In 2 suume
under Emsom, & 1n expmson procedures, mone exiracellu-
bar romirin 15 ackled &l the edwes ol the swiure, Br i responds
by producma meme ool lsgen type L [28]. The we of bser or
LED = known lo stmulale proliferaton of Ghroblasis
which ame muor secrelors ol collagen, and miemaly colla-
gem depamaiim [21]. Although no dsitbcal diference was
loamel between laer and LED regamdmg oollagen ormesdon
m oar study, LEY rradisbon reslisd m higher memn peak
vales Aoccondmy i previows studies, LEL 1rmdhasied bones
show & hiwh queminy ol ool l=gen possably sssoosied with
meresiad collagn deposibon by Ghooblests domulsted by
LED hght, smmilar to when usimg bmer hght [21, 29].

Whemn compemng the mesm peak values Lir CHA& 1nthe
midpalsizl swiwe, swmificmi sisstical dilffermce was
loamel between the hesal group {group 1, no ireshment) and
all irestmeni groups. The basal goup had the owesd mesnm
peak value, Companson belwesn only resied groups, @b
milied kr expamsion =seoiaied or nod o Eser or LED

Tahle & Mean valees250 of the Hamon peaks for collagen
{380 e ) i e comtical Bome of all geps ==5)

LES = ] Tl s Laroan ledier Mm-Sy

1 Basal a 155006196
z Exparsion <] M 10121138
3 Expameion + Lesr c po g el et s
4 Expamesion +LELY d 0TI 613
£ Springes

{groaups 2, 3, amd 4}, also demonsrsied st bsical dillerence
& i the pressnce ol CHA. The we ol e (group 3) or
LEL¥ {groupe 4) alier expmson resulied 1m higher mmeral-
watwn of ithe mdpalsis] swure &8 compared when anly the
expasim Eocedure was exacwiexd (group 2). Even though
nir difleremos was liumdl belween BEser and LELY groups, the
wse ol LED resulied m logher mesn peak value of CHA,
themalore mdicsimy a yresier minem hisbon ol the ares

Prevaous st es have observed that mesillary rapad exgpems
sm moresses sulume wklth compared walh oormespondimg
mamitressted grogrs anad al s neresses a gl cant by new Gommed
bime 1n the =res. Thos sugeeds il bones lommsh ve polemnisls
imresporse 0 mecham cal dmmuh exsi when subune s exppmids
el [30]. Aler expamsion, ihe sulume dart 2 remodelmg pro-
oess which can mchude reshsorpbon @md new bone ormsixm
wilh 2 resmangemeni of ithe collegen Abers. Somulensously,
the mumber ol osdeomprgramial calls meresses [or bane neg-
lormmbon uniil the sulime region resches & smiciural e bbe
rum with an specl amlar to the one previous o the
exparsion [10, 27]. Aller espamsion, sulure 5 Alled with
nerw hime sl rroal by stshahization them gasurs [H].

Ursdeiprogenial cell &re numemous on al] bane aurlsces,
poses receplors [or gowihh [=cors, and onginsle sieo-
blamit. These cells accumuilsie on the bone surlsce =l
symithestos, irmmspor, and meless proems ol the moinx
inilbng monersltation [13]. Mineralmston st when
high local concentrations of Ca ™~ and POy are resched m
arder iy iluce thenr precpilston mi amorphows caloum
phusiphaie, lesdmy o hydmxyapshie aystsl brmebon [23].
Usiegcyles ame el ks remilimg from the mpnsomment ol the
osieohlad by mmeraleed mmnx These cells are imlonsialy
Imked i the bone mainx and imieriers on the metshol 5m ol
bath C2™ ame P72 [13]. In the mztrix, hyednsyapeiie orys-
lals grow 1n clusters, which later cmlexs o cnmplelaly
calkaly the malnx, Gllmyg the speces betveen and wathm
the collagen Ahers [23]. Cimwith Eclor TGF-A1 15 known
1 shmubie mgmbon of slsopogpenilor cells =nd 5 2
podemni regulbsior of oell prohlersion, cell dlTerenimin,
anal eximce lular meinx synihess [21, 28] High lkevek of
the active frm of TOF- 1 ane present m osleoblads, Alro-
bleds, aml emdothehal cell dunng the sty stsgpes ol md-
palatel mvure axpamsim [31]. Fimdmgs in previous swhes
suggresd thal m an =chve s1ie, where the lamile krces exeriexd
due iy expEmsion =nd endogenous TGF-B1 expressm was
high, TGF-f1 had 2 marked sionulsiony effeci on bane
(omation. TGF-A1, which has been Gt punfied fFom
humren pleieleds, s parioubrly shundsnl m bone and plaie-
lets m ik bieml fomm. Aller achvabon, 1 binds (o surfaee
meceplors ol memy cell types, inchuhng seogeme cells =ml
15 sugpesed to be one ol the local regubion of bone
fommaton & resbsompoon [31]. lis presence may be a
symergebc ellec an bone lormmsion 1n respoms= o mechen-
tcal and baolowical domuli [28].
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Light mradiston incresies the number and activity of
aaechl=is [13). The moresse m prolifersion sl differen-
tmlion of eileohbmis, when compared Lo none mradisied
cells, leads io @ hiygher caloiom aocumu bsivn rele axd bone
repar [32]. There & also evilence in the liersiue sugpes.-
my thal l=er and LED light psatively ailecl the relemse of
TF-B1 el several other mehaions [21]. Laier iherapy on
hypemic-culiured oseohlad domulses eieoblasi dilfereni-
alm and prolilfestion through moessed expesaon of
BMP-2, osteocalcin, and TGF-B1 [33]. Previous sudies
uwsmyg Raman specimal malyss heve also demonsinsied
higher depesition of CHA in bser- or LED-madisted bone
wiounds and may ixlicse presence of more maiure ode-
izt walh improved shalily of secreting CHA, whersss in
gther non-rradisied group, cell prolifeabton was sl
aoourrng [29]. Incresed amounis o CHA mey be poatve-
by comelsied ko bone mneral demiy, for higher calcium
mizkes resuill in &n increse m bong mmeral demsaty [23].
Dreposton of CHA represenis bone maiuwsiim [29].

R esemrchers: have ohaerved thel |ser therapy ssoosiad i
el el subire expumson % efTechve for bone regenerson,
sccelershng minem| apposikm velooity, = producmy 2
[zsier repar proaess in the ares [4, 14, 19, 20]. Reports have
deminad oo thel 2 smyle lser spplicaton afler mpad = pm.
sum mduces changs m the osdeshlsbc acinity thal peasss
for an extemsave period of time [34]. Ddher studies have
ohserved & logher rmerahred ames smd hogher mmoneral depo-
sibom rEe i goups irmadsied wath laer @l sarly stmges
throughaut 7 deys [4], in scconkmes 10 owr reailis moths
shly. Laser imalmivn coukd podembally racmunl oslechlss
axlior ther mawrsiom thmoughout the bome borders of the
mdpalata] suure [4]. Since we were unable lo fnd any
prEvias reports mothe histsture concemmyg ihe use of LED
snocizied o expmaon of the midpelats) are, i mekes our
ducsam of our resulls very dBoull m ths sgect The
prviool used m the presenl shdy wmy LELY hghil 15 amnlar
iy ithe lzser prodooa] wead by oar le=m m previous studhes =ml
aka 1 ths resasxch. Reocenl resesmches have mobosied i
LELY, opersimg in svens] wavelmpths, has benalicil 2(leck
aml s ber mechamans & the ones ohiermd whem beier =
sl [25], 1m vilro sl imvivie, m bath normsl snd pethakene
cimdatans [11, 35]. Expermmentsion wmg LED lighl twesi-
membs @l vamouws wavelmgihs have shown o agmilicantly
meresse od| gowih moa vanely of cell lmes, including G-
blasis and ostechisss [11]. LED irradisted bone {mosty ima-
deiend] wilh IR wavdengths) seom o incressed osleohl=she
proliferstiom, collagm deposibon, @nd hane neolormslon
[13], =l abar ooprowe in the quahity of ihe newly frmed
hame due i momsed depaosition of CHA = sen m oter
Ramrem swlies when comparsd o nom-armalsied bone [21].
Thes &l commobonsies wilth our Fmdmgs.

Smoe m the mulpalsts] suure the bne evalusied was a
newly fommed one dus o direct achve orthopedic iresimeni

elfects of sutne expansion, the meallay cortical bone, &
mature bome, was usad = 2 coniml for comparian, The
oi] e presemos 1n the meEmx llary comhcal bone presemied
sonmilar resul &% ko the ones found m the modypelsts] subime.
Simntcal diference was foumd when comparmy the basai
groagy Lo &l iresed groups, bl no diTerence ooourmed when
oomparmy iresied wrowups among themsel ves, Sinoe the oo
izl bomeis & mose malure bone, thems 15 a comesipondencs
ir Lhe lower miemsities of collagen [24].

Ao m acoonbmos i the resulis m the rmodyslsdsl subime,
sigmilficant dstsical dilferemos of CHA depositon was
found between the cortical of the basal woup and of the
iremimneni groups. The besal poup presmied the lowesid
mean p=k values for CHA. However, no dafference was
dbtmned helveen valies for CHA br the cortcal bones
amdmw expanzon groups with or withoul lser or LED
irrachaion The mzxil by corxcal bane wes naod 2 dmecl s1ie
ol orthopedic affect, fr the expmaon apphance wead was
nidl even achomd m ithe palsial struciure. Recnwiimend of
osienhlade celk i the expmswon &res oould have hed an
elfect m the corbica] bone incressmy the mnem | depaabiom
an the cortcal bone. Laser and LED mradstum oould =
have implied in sme elfeciin the cortcal bone srea, for the
spaidd ames of haoth lightl spphances were nmr than the
mulpalsiz] sure ===, Higher mesn pesk valuss for
CHA 1m the combical bone when wang LED &re m
acconkmes i the hgher mem peak values found for
LELY m the mdpalats] suture,

Raman specimscopy wsed o malyre alershons
both mneral and omgmic bone componenis, 15 omsxd-
ered & gold dandand smlyss [21]. Mo other previous
sluly has evalusied tlrough Raman the CHA amd ool
lagen comcembrations alier bser or LED mradisiim in the
mulpaletsl aiure slier expangon Fuihemmon, alihough
LED phokdberspy has been shown o improve bone
healing, thers wat no repord m hlersture unb] now of
the miluence of LED hghi m bone neolirmaton afler
mulpatsis] sulure expamsiom.

In the shudy, Ramsn spectral mmalysis idhicates that
both laser and LED photodberapy improved CHA depo-
sibon in the modpabts]l aibme aller expanaon which
could poind do = sccelersinm of home mElwaton m
the ames ithal i3 fEvorshle for reducmg the meleniio
penod =amd comsegquently raducmg omhodonic inesdment
time. Themlore, during expanson, a ew visak o bhe
denial office for photiherspy could lesd o a [Eder
regpomsie aml he hemefical for the pabent

Acoordmyg (0 owr resuls, LEDY irmachabon ssocmtied iy
rapadd e llary exparsxon oould be a2 lemstve Lo the wea
of l=er m socelersting bone fommsinn m the midpsl=ial
suwhre, LEDY radmbom has the sdventzge of a lower cost
oomrpared i the laser and it can salely be applied o body
surfeces [36, 37]. Amvther svanizgs of usmy LED 15 the

L Springs:
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recluced exposure bme of the imadiston, which is les than
hall’ of ihe bmers® exposume tme with the sare dossge
applisd, savmy mome lrestment bme. Even though we
dbsrmd fEvorshle resulls when uwsing dilfersmi light
somroes, our knowledge of bone neolormsion and hght
ineractions ame still lmied Mome stwlies, specmily
usang LED hghl, =re rsqumed
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Castelo Branco Umversity, Sdo José dos Campeos, SP, Brazl, 12245-230

ABSTRACT

Benefite of the isolated or cormbined wse light and biomaterials on bone healing have besn sugpacted Our group has nsed
several models to assess the effects of laser on bone A Faman spectral analysis on surgicsl bone defects grafied or not
with Hydrosyapatite (HA), treated or mot with LED was camied out. 440 mts were divided into 4 groups. COn Group I the
defect was flled with the clot. Cm Group IL the defect was Slled with the HA. On groups I the defect was filled with
Clot and further irmdiated with IED and oo group IV the defects was flled with the HA and further irradiated with
LED. LED (3850 = 10mm, 150mW, A= 0.5cor, 685, 20 Jem® per session, 140 Tont® per treatment) was applied =t 45 b
intervals dumingz 15 days. SpeamswemkmaﬂuljmilﬂmﬁaﬂermngﬂvmdkEﬁmhdeH,arﬂ
underwent Farnsn analbysis. For this, the peak of bydroxyapatite (060 cor') was used s marker of bone mineralization.
Sipmificant difference was observed at both tmes (p<200.05). When the bimmaterial was used higher peaks were observed.
Asspciation with LETY fisther improved the infensity. Conclusion: It is concluded that LED Light improved the efect of
the HA.

Ky Words: Biomatenizl Bone, Phototherapy, Faman Specmoscopy.
1. INTRODUCTION

Surgeons are challenzed daily by the nead to recover bons losses due to several edologic factors'. The loss of bone
fragments or the remeowal of necrotic or pathelogic bone, or even some surgical procedures may create bone defacts and
aften demands the use of biomaterials as the body = not able o repair itself Many types of bionmierials have been wsed
nstead of wing amelogous gafts o minimize the morbidity of the procedmes avoiding two smnltaneous suzgical
procedures. Ooe of the most commonky nsed biomaterial is the HA. This type of graft may be produced nsing difereat
conposifion snd shape. It may be used isolated, associated to the nse of 3 membrane (Guided Bone Fegeneration -
GER), or mized to an sutologous bone sraft’.

Ulamy techniques are nsed to improve the bone bealing, including light therapies. Several sadies have demonsirated
that irradiation with near-Infrared wavelengths can immprove bone repair due to its high penetration into tsswes conmpansd
to visible light . Althoush the use of LPT for bone healing has besn growing steadily, snd several studies have
demonstratad positive results in the healing of bone tissue ***, thers are to date few reports of the use of combinations of
LET) Light and HA.

LEDs show a relatively narmow ennssion specioam that may be optimaslly fimed to commespond fo the requirements of

8 frexment aliminating mnecessary wavelensths from a particular therapy. Their light intencity can be adjnsted and they
produce high lisht levels with low radiant heat ontput and maintain usefinl cutpat for long periods of dme. TED-bazed

devices may provide a homogeneous light dose at optimsl infensity *'.

*albpianatha br; phone 55 71 3283-9000; fax 55 71 3283-0010; woww Laser odontologia ufhe br

Michasl . Hamiolin
I!'SF"I WL%“E&IIL EIEIHEI "'F'IETCCEMIIE 1505—"'-1:22.13-515 pﬂ?ﬁﬂﬁ? 12.3312554:
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Vibranonal techniques mach as Baman spectroscopy have besn employed m order to provide information on the
mesabolic stams of graft such as the mineral comtent and mabx congposition of the tssue that may provide early
indications of graft success or failare *. Famsn spectrs brings information regarding the chemical bonds through the
inelastic scattering of light during the polarizaton of the elactromic clond, so the unique molecalar information of the
biochemical composition of 2 sample can be assessed in vive, rapid and nondestructively =, and may probe, through
remote optical cables, the molecular changes of bio-tissues *'.

The aim of this smdy was to evaluste the level of bone minesalization through the analysis of the mbensites of
Faman spectra of HA (~980 cm™") on the repair of bone defects grafied or not with biphasic synthetic micro-gramalar HA
+ B - calchm iphosphate associated or not with LED phototherapy L850 nm (LEDPT).

1. MATERIAL AND METHODS

11 Ethics, animal model, honsing, and sampling

The Anima] Ethics Commities of the Federal University of Bahia approved this work. Forty bealthy adnlt male
Wistar rats (~2 months old, average weight 205 = 25 g) were kept wmder natumal conditons of light bunndity, snd
tenmperatme at the Laboratory of Animal Experimentation of the School of Dentistry of the Federal TUniversity of Bahia
during the experiments] period. The animals were fed with standard Iaboratory diet (Labina™, Purina, 530 Panlo — Brazil)
and had water ad libitom. The amimals were kept in individeal micre-isolators and accommedated in ventilated shelves
(IMSIGHT Equipamentos Lida - Monte Alegre Ribeirdo Preto - Sio Paulo, Brazil). This system provides a controlled
environment with decreased nsk of infection and good sanitary condidon. Coogolled daymight light cycle and
temperaume was performed during the experimental peripd The animals were randomby disoibuted mto 4 groups and
then subdividsd imto 2 subgroups according to the animal death timing. The distribution of the animal: may be ssen in

Tabje 1.
Tahle 1: Distribution of the animals according the treatment protocal.
Grroups Animal Death (dagys) Phototheram Biomaéerial f
Croup 1 150030 Mo Mo 10
Group IT 150030 Mo X 10
Group IT 15 or 30 LED Ho L]
Group IV 15 or 30 LED X 10

22 Surgical procedure

Prior to inTanmsoular general anesthesia, the animals wers sedated ({004 ml'1 00z of atropine subontaneonsly)
and 20 miimutes later general anesthesia was camied out (10% ketamine (0.1 mL/100g - Cetamin®, Syntec, S50 Paulo -
Brazil) + 2% xylazin (0.1 mL/100g; Xilazin®, Syntec, 530 Paulo — Brazil). The animals had their right leg shaved and a
J-om-long incision was perfonmed at the nght abiz with a po. 15 scalpel blade. Skin and subomaneous dssues were
dizzected down to the periosteum which was gently sacfioned exposine the bone and a standard partial thicknsss 2-pm-
roumd defect was surgically produced wsing trephine &hll (SN, 530 Paulo — Brazl) mowmtad on a 16:1 reduction consra
angle handpiece (MSE, Tochizmi — Japan), mecdnmm resistance of 35N with low speed dmll, 1200 mpm umdes
refiigeration (Driller 600%, SIM, S30 Paulo — SP — Brazil) in each animsal.

Defects on animals in groups Clot and LED wese filled cnly with the blood clot. Defects in zroups Biomaterial
and LEDY + Biomaterial were Slled with biomaterial The animals on groups LED and LED + Biomaterizl were further
irradiated with LED light I_TjEi.ﬂLE:Jt MMOptics, S3c0 Carlos, 530 Paulo, Brazil). All woumds were roatinely sutured
and the animals received a single dose of antibiotics (Peatabiotice”, 0.2ml; Fort Dodge Animal Health, Overland Park,

Eamzaz — USA) For the present smdy a biphaszic synthetic micro-gramlsr HA + @ - calchom riphesphate (70%30%
respecively) conpletely filled the bone defects when indicated as recommended by the mamifachorar,

Proc. of SPIE Viol. 8560 BS550L-2
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2 3 Phototherapy profocol

LEDPT was caried out with the Fisicl ED device (MMM Optics, 530 Cardos, 580 Panlo, Brazil, 4850 = 10nm
150mW, p-0.5cor’, 20 Jiom' per session, 140 Jiom® per treatment), and light was tansomtsnecusly applied over the
defect at 48-h infervals, being the frst session carmied out inmmediately after surgery. Energy densites nsed were based
upon previons stdies camied out by our group . LED outpat power was confirmed by using 2 calibrated power meter
{Pooaver Mater Thorlsbs PAGO-121, Tharlabs GmbE, MMonich Germany).

2.4 Animal death and sample manipulation

Animal death ecomred afier 15 and 30 days after the sorgery in & OOy charoher (Insight Equipementos, modal
EE 243, Fibeirio Preto, SP. Brasil). Following animsl death, the samples were longimdinally cut under refrigeration
{Driller §00%, SIM, 530 Paulo — 5P — Brazil), snap-frozen in liguid nitrogen and kept deep-refriperated (-80°C) until
spectral amalysis in osder to minimize the growth of serobic bactena and becmise chemical fxation is not advizsable doe
to floorescence enussion amd scattering from fSxatve substances and fssue biochermical chanses dus fo protein
denanmation” ",

1 & Raman spectroscopy

Famsn messurements were perfprmed at the Laboratory of Faman Specooscopy of the Center for
Biophotonics, School of Dentistry - Federal University of Bahia. 4 dispersive near-infrared Faman specoometer {Andor
Techmolagy, madel Shanweck SR-3031%, Balfast Morthern Traland) was usad.

The equipment wses 3 wavelensth-stabilized diode Laser nmed at 785 nm (BE&EW TEE. modsl BEM-T85-0.30-
100022 =, Newark, DE, TI5A) with 500 mW of nominal power coupled to 2 fiber-optic based "Faman Probe" (B&W
TEE. modal BAC-100-7835, Mewsark, DE, TUSA) in order to provide excitation of the sample snd collaction of the Famsn
specira in repeatable excitaton~collection geomety. The Faman probe has an excitation fiker of 105 pm and 2 collecting
fiber of 200 pm. The collection fber is coupled o a ﬁspaaires;ecmmm.cm?usednfmimagjngspacmg@hmd
& “pack thinned deep depledon™ CCD camera (Andor Technology, model ITTs™ DU401A-BE-DD, Balfast, Morthem
Ireland 1024 x 128 pixels, Peltiercooled dowm to -70 °C), which disperses and detects the Faman scattered light The
Solis soffware (Andor Techmology, Solis () software, Belfact Wonhem Ireland) conmols both OCD camers and
spectrogmaph @ femms of grating positon, skt apemare, mmiber of acommlatgens and tme exposure, as well 25 speciral
calibration of the Faman shift. The slit and grating confisurations provided a spectral resobution of about 4 ax' in the
spectral range of 400 to 1800 cm™. The laser power measured at the end of the Faman probe excitstion tp was 300 nmw.

The Faman systeam was coamolled by a Windows-based microcommputer, which stored and pre-processed the
spectral data **“*" The spectral acquisition time for each collection spot was that of 20 s Five points were measured at
the surface of the cortical aren of the defect in each one of the 40 sanples, resultng m total of 200 specoa. All specoa
were acquired on the same day and room condifions to avoid optical micaliznments and chanees in laser power.

For specirograph calibration it was used, respectvely, a spectral imadiance lamp (Omel Instuments, modal
G3358, Srarford, CT, TI2A) with known speciral curve, which has been measured with long exposure tme (~10 nin)
and usad to comect the diffsrences in the ntensity response of all optical conmonents alons the spectral range. and seven
major bands of the naphthalens where pixel position and known Famsan shift were fitted with a 3™ order polynomial
becanse this compound has speced bends in the spectral region 700 - 1700 o, which is the region of intessst to the
Faman spectroscopy when wsed for biolopical materials amalysis™®". The calibratdon of the spectral dam was
performed nsing a routine developed mdsr Matlab 5.1 softaare (The Mathworks, Mewark, MT, TSA).
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2.6 Spectra processing and peak detection

Baseline specoa of noo-reated booe and of the biomatenia] nsed on the present smdy were produced, and peaks
of interest specified (Fig 1) Specmum of each animal were taken as previously described.

Bid

— Cortical bone
— Genphos Biomaterial
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Fipme 1. Dislocated peaks of cortical bope and GenPHOS biomaterial,

Following acquisition. backsround fluorescence was filtered using a 5" order polynomial fimction applied to
the gross specinmm in e 400 - 1500 oo’ region using a routine developed wmdsr Matdsb, Then Faman spectra of each
animal were averaged and smoothed by “moving average” techoique, which consisted of caloulating the mesn of five
adjzcent points.

Absohate intensities as well as their standard deviations wese caloulated and plofied using Microsoft Excel or
‘-'I]mtahsnfm'are and the statistical amalysis (t-test and ANOVA, p-0.03) in the peak intensites was performed using
Minitah 15.0% (Mimital, Bele Horzonte MM, Brazl) software.

1. RESULTS

Measurements of the infensities of peaks related to the inorganic coments (HA), atlhe:h_'.-'li" showed, for
00 oo hglEtmnungmmEamnt&ml{ﬁ:ﬂd:-ﬂW}md]mlEtmgImpClut(ﬂllE'ﬁd:IMT] At the 30" day,
mmsmmtnfﬂlemgamccnﬂentufaﬂmshwaiﬂut,fmnﬂﬁﬁm highe:st mesn on group Bicmsterial
(7128 = 2117 and lowest on gronge Clot (3940 = 1522). The summary of the intensities of all zoups could be seen on
Figare 2.
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Tahle 4: Sunmuary of the statiztical aralysis (t-test) of the Faman peaks between mroups ar the 0™ dav.

Glrmp Clot* Biomaiferial® LEL¥ LED + Biomaterial®
Blaman Shift (om™)
T = 1150 %F
-~ o= 1527 0 71X =2117 %+ =115 E4=2373

Letters indicates spnificant differences (p < 0003)

4. DISCUSSION

The Wistar rat mode] adopted on the present investigation allows a rapid healing period., is resistant to climatic
changes and is routinely nsed to sudy bone healing,

Diagpite TPT being chown effective on irmproving bone hesling on several modalses: | the use of LED Light on
bone is stll poorly stadied and its assocation to biomaterals was up o now mexistent. Smdies imrolving the nse of laser
light on bone repeneTation suggested that its effect on bone bealing depends not only oo the fotal dose of imadiation, Tt
also oa the imrsdistion time and the iradistion mode .

Many previown: reports are suggestive that irradiated bone mostly with IR wavelengthe shows mcressed
ostechlastic proliferation, collagen deposition, and bone neoformation when compared fo non-frradisted boma <'°.

Faman spectmoscopy has been employed o aocess the mwolecnlar constiution of a specific dssue and then
classify it acconding to differences observed in the specoa™ . Several stdies found elsewhere on the literature has
shown saccessfil use of NIF. Raman spectroscopy as a diagnostic tool for healthy, diseased or healing bones " Cur
group bes successfnlly used this technigue to deternuine both mineral snd orpamic conponents changes oo the healing
bope Ohr team and others consider this methed of assessment as 3 gold standard to study booe components and
constitadon™ " and o reveal biochemical changes associated to the healing process.

Ohe zroup poeviously fonnd that the levels of HA on deep ameas of bealing bone of radiated and non-irmadizted
subjects differ significantly from day 30 after tresmmens™™*™. On this smdy, we were not able to detect differences on
the healing of bone defects associated to the combined use of biomatenial and LED light This was probably due fo the
presence of the Bioonaterial that is mainly compesed of HA and was well preserved at the szite af the end of the
experiment. Howevar, the use of de LED was capable of increasing muneralization when compared to the Clot oaoly

srou.

Dieposition of HA representt bone maturation and incrsased smomt of HA in bone is mdicative of 2 more
resiztant bone. The observed differences in the rate of deposifion of HA between imadiated and noo-irradisted subjects is
protrably due to the sbility of the LED light fo miu-:echanges at celhalar levels, such as improved ATE symthesis, early
asteoblastic differentiation and the release of prowth factors .

5. CONCLUSION

It is conchaded that the wse of the LETY lizht oo HA zrafted booe did not improved the outcoms of the meatment
as the persistence of the HA oo the defect may had interfered with the Faaman reading.
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miegrated mio & rgd Famework (organie and morganic
componenisl. Miemossopically, 1t shows few melsbobcally
aclive calls, hematopoelic alemenls of hona marmow, and =
birge amount of inbercalluler substmes fommed Fom colla-
wem fibers sud dilfenng substanoes [1-4].

Theinomgmic coniend of bone consts promenly o fezlem
phospheie sxl cakbium carbonae, with small quenbbes of
My, F, =l Ma. The mmersl erystels form hydmosyepatite
(HA), which preapitiles in an onderly arramgement
arpumd the collagen Fihers of the osteeid The munersl-
izstiom of odeeid by inorganie mmersl saiis gves bone
it stremgih snd rigidity. The mital caleifostion of o
el iypically ocowrs wilhin & Pew days of sscrabon bui
15 complelad over the course of several monihs [1-4).
The healing podembal of bone 18 influencsd by & vanely
of hiochermical, Momechamesl, celluler, hormuomal, snd
pathokgrical mechanisms, A ambnuously oooumng sdals
o bime depasilion, realborpbion, and remodehng Ecih-
=it the repair proces [1, 5).

Burgeons are challenged daly by the need i recover bone
kyaed dhie by several sbologic Belors [4). The ks of bane

delcts may b too brpe for gunbmamis and phygokege
reqir, Bone & the mosl commen iype of grall wed in ol

implanlology, in prosthebs sumeny, in the estment of cone
gemital delect, sl in reconsiructive procedures of tha jaws.,
OHien sdol o bone grall s wed, @and they mey bea mkan
froem several park of the skelson. Bigcompabbnliy sl
oslennlegeiin, & weall @ subiembsl sleogemic poembal
[, 7], cherscier e suologous bone gaiis

heny iypes of baomaienals have been wed madesd of
wsmy suielogous mafls o mmomze the morhalily of the
procediires svoading g simulEmeois airmical procedines,
U of the mod commonly wed Womatenal 15 e HA Ths
type of grafl mey be produced using dilferent compositom
amal shape. Tt moy be used isolsted, ssspcmied o the wea ol 2
membraneg (guklsd bone epeembom), or moxed o anoau-
todoeus bone gl [7). Bolh soelkeous sl xenogralis
have heen wed b provide & reEmework or domilsls new
bome formaiion, sl meny tmes, thes grafls respond pos-
ibvely i the use of silecked wavelengihs of hghi [4].

Mg 2 mesng ol moproving the reoovery of large hane
delecis, the use of sevweal echnigques, melwlng gmis =
pholobioengamerng, has been adensively studied [4-7].
Many lechnijues sre uded b mprove the bone repar;
recenily, bser lighti has been usad for imgroving bone repar
in seversl conditions such & m dental mplants [8, 9] and
audologrus bone grall [7, 10] sl several types of bane
defects [4, 11-17].
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Band presitiom aned bassdwdidth highty semsibde 1o X X
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3, 14]

[0, 22,
3, 19]

carbopae band af 1,072 em™! may radece fhe
o=l T IS CEOD Sve D with hoansr oo o dec

148  CHyCH; bendngmagging of

roadylene mide o hain-oo] g
InaiTix

Cinflagen | i e roced aibcamsdond in oot e while X

collagen [ coomrs in the initial pﬂxn'l“cil:ihfe
calkes. Bs movewarmber b @ aroaesd 1,43 an™' far

[23, 26-29]

collggen | and changes i 1 454 o ﬁrm:tlngm]]

L6E  Amide [ §0=0 sieeaching, o
of plae C-M stetching, CCM
deformation, WH in-plane
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Serveral dudhies have demonsrated (el nesron framed bger
phoitherapy (MIR LPT) 15 the mosd suilsbla for bone repair
die Loy 18 higher pemetrabion depth m the bane Gsue when
comparsd kb viible l=er hehi [6]) Although the use of
Laier phaototherapy (LPFT) on the bone hesimy hes been
growing sesdily anmd seversl dudies have demonsinsied
pesilive realis on the healng of bone bssus, thers e fow
repris on ilhe ssocistion of LPT and biomsiensls [4-17].

[t has been showm in varows m vk and in vivoe mode B
that LPT al the callilar level stmiilsles the pholacceplor
cylctrome ¢ oxidase, remibng m incresed energy melah-
orhiam and produstion sl stmulston of mochondnal ox-
ilative metsholsm, [ cen modulste Gbooblel prob ferstion,
sfiachmenl, and smitheas of eollzgen and procoellapen; pro-
e angieened s and shmilste meerophaess and ympho-
cyies, thus sccelerating bone repair process [4, 21]0ur
group has found, m in vive swdies, @nomenssied ool lzgen
gynthess sl asrly steges of the repanr on irmadisied subjeci
usng higologcal analyas [12-146], Ramen spaciosompy
[5, & 8, 14, 15, 17], and alectron microscoqs [H].

Vibrational lee nigues aich & Raren spectrsoosy have
e employed in onder b0 provide mlommston on e mei-
shaolic dats of grall, such as the mmeral conlent @nd menx
compodibion of e bsue thal mey provide ssrly indicsbions
of grall suecess or fmlure [5]. Raren specina brings mior-
mbion regerding the chermcal bonds through the inelasbe
scatiermy of Hghi durning ihe polanzsion of ihe elkcinmic
chudd, 5o the wmigque moleculsr inBrmaton of the biochem-
i | evmrpodaton of & sarple can be stadsed m vive, spd,
amdl nondestructvaly [18], sl mey probe, through remots
arplical cables, the molecular chenges of bio-lEaes [19].

The Ramrem specirum of hone shows prommend vibetiona
hands relsial o bsue corposition The mein Raren hends
ol hame ianes sre locstal = -960, ~1,070, ~1,072, -1 454,
and ~1,666 cm . The hend &t ~960 em & attribuied o
phosphate HA component, and the ane &t ~100 em ' &
sliributad bo carbonate HA, The bends =1 1,454 and
1,666 cm | ame stinibuied o the col lagen mstrix components
{Table 1).

In summery, despile bone mpur oocurs sponlaneousy
migE of the tme, there &re alisbions in which ils Ekes
kngeer bme o doss nol accur, i 8 moportenl bo reslee el
ithe bona repar process aims o redom both anstomy and
function. On these cetes the e of malls & mdicsied Dus
iy the marhahily ssocisted (o subol ogows graling, the we of
haommierials i3 widaly socepied =5 & way b mmnorize snd
dpeed up the repair proces. One of the mod wed haomrsle-
rial % the hydmsyapatie, which has been proven to be a
very allfective sleomnducior of bane fommaton Bone repair
comqrises = seres of calluber sl Wochemics]l avenis thai
lemd 1o the formaton of new bone, Imibizily, the newly
formed bone 1 hghly cellular; the collagen fbers &re ran-
domly onentsied, relatively less mmneralwed, snd less

‘Tahbe 2 Dvisin bestiom of fee onin b aeoogding fe e st prodoond

Girnomps Aminal deaib Phavindbesrapy Binrmaenal ]
{dys)

Girasp | 1% aor 30 T Mo 1d

Girasp 1 1% or 30 T X 10

Grrazp 1% ar 30 lassr Ha 14
m

iramp 1% or 30 Laser X 10
n

regilaml then the melue me (@ certilsgmows lesue which
is rich of collzgen IT). Laker, it & replaced, tlrough minersl
izztion, lo & meture or lamellar bone and & more residami
&nd matire ool legen [ mebrix [4, &, 11].

The wse of hehl & therspeilic spenls het heen repaoried =
elfect ve om orpmving bone e under dilTement condition.
The elfect of the use of lighl sounces on bome have been
shown very effechve. Many dwles modicaisd thal imadisied
bime, masEly with MIR wavelangths, shows merssiad oseo
hlaste prohferstion, collagen depogilion, and hone neo-
lormtion when compad o nonrradsied bone, The oradis
aliom prodoce] wsed in this study 15 stmlar o those weed on
previgus reponis. Our group has shown, wsng $ferent
madeds, ihel sapcistion of bone gralls and baemetersls does
i ithe healing of bone bssue [4-6 8, 11-17].

The amm of ths suly wes bo evalusbe the kvd of hone
mineral teshon theueh the anabyas of theinlensibes o/ Ramen
spectra of both momganic (~960, ~ 1,070, =d ~1072 am ™)
and omganic {1,454 and ~1,666 cm ') on the repir of bone
defect grallal or nol with Wphssic synithae mionrn ber
H A+ frecaleium inphosphete ssocisted or nol with beer phoe
Lot herapy (A TB0 nm).

Materinl and methods
Ethics, anmmal model, howsng, and sampling

The Anmmazl Ethies Comomities of the Faderal Universily of
Bahia appmved this work." Forty healihy adult masle Wistsr
rats” were kepl under natursl conditions of Hght, hurrdity, smd
lerrpemaiure &l the Laborsiory of Anmmal Expermmentstion of
the School of Denbsiny of te Faderal Univesily of Bahis
diuring the expermmentzl period. The sumak wene bl with
st Iebaoratory diel” snd had waler ad libilem. The ani-
mia s woera Kepd im melivadis] mrocromol s snd sccomomodsts
el i ventilsed shelves” This system provides 2 controllad
! Proaccal 0R 2010,

¥ Abcst? monds old, average weight 295224 g

* Labina®, Prarina, S3o Paule, Brazil

* INSIGHT Bysipamesics Lids— Mome Alge, Ribeirs Prata, Sio
Paulo, Bmal
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Fig. 1 2 Climical aspect of the
sagical bone defect creted om
e nght tibia of each animal b

Clinical aspect of the surgical

bome defect creted on the right
tivia of each animal filled wath
the biomasenial

enyronment with deceased rsk of mfection and good sani-
tery condition. Controlled day/night light cycle and empers.
ture was performed during the expernimentsl penod. The
smimals were randomly dstibuted into four groups and then
subdivided into two subgroups scconding to the illmg iming.
The dstnbution of the animls muay be seen in Teble 2.

Surgical procedure

Prior to intsomusculer genems] snesthesia the amimak were
salsted * and 20 min lster, pemerd mesthesia® was carmied
out The snmmals had their nght leg shaveal =nd = 3.om-bong
menion was peformed =t the nght tibix with & number 15
scalpel blade., Skin and subcutsnecus tssues were disectsd
down to the perxsteum, which was gently sectioned exposing
the bone, and 2 standarnd pertial hickness 2.mmeound defect
wnswgbnymdnedus'th'm&ﬂl’mmbdm a
16:1 redudion contrs angle handmece,” maximum resistance
of 35N with low speed drill, 1 200 rpm, under refri geration”
each animal (Fig 12). Defects on snimak m groups Clot and
Laser were fillal only with the blood clot Defects in groups
Biomsterial and Laser+ Biomaterial were filled with biomaste.
riel'®, The snimal on groups Laser and Lasert Biomaterial
were further imalistal with laser light All wounds were rou-
tinely sutured, =nd the smimals received = smgle dose of
antibiotics.™® For the present study, & biphasic synthetic
microgranu e HA+ Bcalcium tnphoiphate (70 %050 %, re-
spectively ) completely filled the bone defects when meicatad,
a3 recommmended by the menufacturer (Fig. 1b).

0.04 ml100 g of avopme subcutmecsly
‘lo%mplwlwg—(_amﬂsyn Sio Palo,
Brazil)+2 % xylein (0.1 ml)100 g Xiazn® Sy&c.&ohnb,
Brazil)

7 SIN, Sio Paso, Brazil

* NSK, Tochigi, Japan.

° Driller 600%, SIN, Sio Paulko, SP, Brazil.

19 pentabiotico®, G2 ml; Fort Dodge Animal Health, Ovedand Park,
KS USA.

£ Springer

Phototherspy protocol

Laser phototherspy was camiad oul using & diode lsser'’ and
tramscutsnecusly applied &t 4 points sround the defect
(4 %5 Jem®) =t 48-h mtervals, being the first session camiad
out mmmebately after surgery. Total energy deliverad was
that of 20 Jlem® per session and 140 Jem® per trestment.
Energy densities wed were based upon previous studies
camied out by our group [4-7, 10-15, 30-33). Laser output
power was confirmed using = calibrated power meter.”

Animsl desth and sample mempulstion

Following the killing (15 and 30 duys =fler the surgery)in 2
CO, chamber,'” the ssmples were longitudinally cut under
refrigeration,’* sap-frozen in liquid nitrogen, and kept
deep-refnigersted (80 °C) until spectral analyws i order
to mimimize the gowth of serobic becteniz and because
chemical fixastion 1 not advisable due o fluorescence emis-
$30n and scattering from fixative substences and tssue bio.
chemical changes due to protein dematurstion [S, 6, 21,
30-32)

Ramam spectroscopy

F or Raman messurements, & dispensi v nesrvinfrared Raman
spectrometer,™ as disgramed in Fig. 25 was used. The
equipment uses & wavelengthstebilized diode leser tuned
at 78S nm'® coupled o = fiberoptic “Ramen probe™” in

" TeimPlex Evolation®, MMOptics, Slo Carkos, Sio Paslo, Brazil,
A0 nm, 70 mW, 0~0.4m 20 Nem®.

'2 power Meter Thorlabs PM30.121, Thorhbs GmbH Munich,
Germany.
13 [nsight Equipam entos, mode] EB 245, Ribeirio Prto, SP, Bazl
" SIN-DRILLER 600 BML, Sio Paslo, SE, Bazil

'* Andor Techmology, mode Shamrock SR-3031®, Belfaist, Nomhem
I=ld

16 B&W TEK, model BRM-T55.030.1000 22 5, Newask, DE, USA.
7 BAW TEK, modsl BAC-100-755, Newask, DE, USA.
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arder ko provide excilsbon of the sarrple and ool lechion of the
Rarem spechs in repestehle exalion—oollectim geametry,
using an excilation fber of 105 pm and & collectng Bher of
200 pm. The collecbon fher 3 oougpled ko 2 disgperave gpec.
tromreler, compusal of = megne gecineraph @md 2 ek
thimed, desp deplaion charpe-coupled device (CCD) camera™
(1024128 pixels, Palber-conled down to =70 =C), which
dhsperias and delects the Famen scstiensd Hghi

The Ramen system was controlled by e Solis sof-
ware' instslled in 2 Windows-basad microcomputer, which
comirgls bodth OCD camera snd speciograph in e of
grating podibion, sli aperure, number of accumulations,
amel bme expodine, &3 weall & perfirms the specinsl cahbra.
tom of the Raman shifl and domes and preprocesses the
gpeciral dats [5, &, 21, 30-32]. The shi and grabing confg-
urstiong provided a spectral resolution of showt 4 em ' in
the spectm| range of 400 to 1,800 cm ', The bser power

" pmdor Techmobogy, mode] IDUs® D401 A BR-DD, Beifs,
Mormem | lared,

* Amchr Techmology, Solis ) softeare, Belfast, Norfern Iefand.

600 B0 1000 1200 1400 180

Baman Shift [cm!]

mesiimed &l the sxctlion lp of the Raren probe wes
3 mW sl the spectsl sequisiton imme for esch collectm
apel was 200 5. Five pomb wens messured ai the surfiscs of
the cortical ares of the delecl m asch one of Uhe 4 sarmpiles,
resulimg mokdal of 200 specia. All specka weme soquinsd
im the same day snd room conditiona,

For spectrograph calibration™ & spectral rrradisnce
lamep™ with known spects | curve was wexl, which has been
mesarred wilth komg espoare time (10 mon) sl wed o
cirrac the differencss m the miemnily regends of all oplcal
compemen s kg the srecirs| range @ seveen major hends
of the naphthalens m the spectral regon NH-1,700 em *,
whems mssdured pikal podbon snd nown Raoren ha l wers
fiflzd with 2 thid onder polynomnal sl wed = shaisa
{x-axis) [, &, 21, 30—32]. The calitration of the spectral data
wiit performed using 2 roulme devaloped under Mailsh 5.1
S0 ftware

| popregity coTEGhGE and wavenarser libmnon.
= O] Iremtmamcents, mods] 63358 Smstfard, T, LISA.
= The Mafreodks, Mewade, M, LEA
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Fig. 3 [islocated gpeamaof all a
goopes o the 138 day (a) and 18000 —Clo_i5d  —Bio_ 1% —L_15d L+Bia_15d
0% day b}
16000
'5‘ 14000
iucm
£ 10000
]
= Baon
! ]
£ aom
- J
u -
a0 B} £00 LED 1200 1400 1600 1500
Raman Shit (om™)
b
1ancn —Cin 300 —Bio 30 —L_30d L+Bi_10d
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3 14000 |
i
I 1300 |
E 10000
g ¥
§ e
; SO0 -
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|:| -
2000
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Ramzn St o]
Spects procesimg and pesk deteclion and 16001700 cm "), and the shaolute mimsity anxd san-

Basehne spectra o noniresied bone and of e baomrosie nsl
used in the present sbuwly wens produced, amd pesks of
miered such & inorgames (mEinly wdms yapsiie) aul or-
wEnics (mEinly collagen) weare wlembfied, & gpecifisd m
Fig 2b amd Tahle 1. Spechum of esch sl was (aken &5
previcusly deseribad. Follvwmg scgusition, backemoumd
Muomescencs was Alersd wsmg & Ot onder polynommal
funciion spplied io the gross specimm in the 40d—
1,500 em " region wsing & routing developed under Matlsh,
Then, Rarem spaota of each snimal were smoothed by
“moing sveraps” bechmigue, which consided of caloubdmg
tha mesn of Ave afaceni ponis.

In corler bo verily the milwence of the we of e lght and
haometenal on the hone repar, the gracks werns spmenled m
fowr speciral regions (S00- 1,000, 1,000-1, 104, 1,400-1,504d,

* wiiniak, Belo Homzome, MG, Beeil

£l springes

dard devistion of Rirem bemds ratsied o HA snd probems
{with bemtsite stinbubons scoomdng Lo Teble 1) werns deler-
minexd Tor esch sample. These dala wens wsed for plolting the
peak’s shwolule menaty of ssch goup, meinly the pasks
at ~960, ~1,070, ~1,077, ~1,454, and ~1,666 cm .
Almaolule mienabes &5 wall & stemdend devishons wens cal
culsted sl plobed wang Miemsoll Excsl or Mmniis sofl-
wire, amul the b o cal amabysis i lesd amd AMOVA, po005)
in the pesk miemsities was perfirmed using Minitsh 15 087
saliwame,

Eesulis
Famem inbemsites

The mesn dislocsied specira of esch goup & esch exper-
miemla] b {15 and 30 dayg) ey be seem in Fig. 32 amd b,
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Mesmirements of the inlensilies of pesks ralsed o the
inorgaEmc condenis (HA)N, 2t dey 15, showed the highest
mean n group Biommlenal snd lowest on goup Lasar
(Fig 4a) fr ~960 em*. For 1,00 em ', highes measn
vahyes weme seen on group Biomaerial sl lowest on group
Laser (Fig. 4b), snd for ~1,077 am ', highest mesn values
woera seen om gmrup O ol anad lowees om group Leser (Fig, 4.
Adihe 3Hh dey, mesiuremenis of e inomemnie cmiend of
all groups showed that, for ~960 cm ', highest mesn on
grop Lager+Biomatenal snmd lowesl on goup Clel
(Fig. 42). For -10% em’, highed mesn values were
seem on group Lesert Biomaerns] and lowest on group
Ch (Fig. 4b); for ~ 1077 em ', highest mesn values were
sgm on group LetertBiomaens] amd owesi o growp
Clot (Rg ).

Wiith regard io ihe orgenic comismis in bone bisue,
for ~1,454 em ', highest mesn was s2en on group
Bigmslerm] and lowesl on group Laser (330064+491)
(Fig. 52), =nd for ~1,666 cm ', highed mesn was seen
aom group Biomslerial and lowesi on group Laser+
Biomaterial (Fig. 5b). Al the 30th day, the highes value
for the ~1,454 em ' peak was seen on group Lagert
Biomaenal and lowesl on group Clod (Fig. 5a), and for

=H@0cm-1 vs Timwe
%, T Fox the Maan

Wk

15300 -

Mean Hana i feleasitp (4,
f

M - s Ll
) e
Tiris em
M | TR
T grwia i |
- L .
N amg o -.-...-.:"“ "+|,| e
ALY | i _h
Lii
Tires 5 " Hi i i% il ¥ ko
Ot Swrnataral Lirvn? lawm + Baoralesal
c = 10T Fem-1 vE Theme
DA% [T For Hra Maan
PR [ (L L

T Hl oy

B

Mean Rsman bsteasity (4.x)
H o8 8B B E
i
{]
it

- A =
(TR
F e = b =
e . oo . —
a . . . . . . .
Téu: & a & a0 15 x 15 n
Ot Ermatarial Lmar Lmar + Barwiarial

the ~ 1,666 cm ', highes mesn wes seen on group Laser+
Biommierial snd lowesi on group Laser (Fig. Sh.

The dela were imbally analysed bo ven Py ther normral iy
In the second stepe malwis of e diferenos batwsen
groups &l esch bme poinl was camed outl by ANOVA
(Tahle 3). Due i the number of pesks sssesad on the
presend study, they weme divided inbo two mEin groups. n
tha i group wene the paals rebied o the inorgEme
cimmpanents {phogphale md carbonated HA) represeniesd
by the pasks of ~960, ~1,070, snd ~1,077 cm ', In the
secimd group, peals nalsted lo the orgam o conbeni {prolems)
of the msinx wene meluded s comesponded @ ~1,454
and ~1,666 am ' A summmery of the resulis can be seen in
Tables 4, 5, =nd 6.

DViseussion

In zll previocoks, mode s, sl paramestens hal our growuy hes
previously uwed, we wers shie o demonstmie thal NIR LPT
catigen] mmportmil fedie regundes dining heslmg, and thess
wiema respanable for & quicker reparr proces = well & o
the mrproved qualiy of the newly fommed bone [4-8, E,

= 1070cme-1 ws Time
% £ For e Maan

o

I

- ——

Mean Haman eleasiy ()
g
%
]
i

Fig. 4 Men indensity and stmdand devishion of S pealos 2t ~5460 (&), ~1,070 (bl and ~1,077 an” " (e} o bofh expenimentl tmes
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Fig.- & M=mn ey and &
shndaxd deviation of e pek
e LA () and ~ 1 668 awi~' (b}

~1454cm-1 vs Time
A5%, {1 for the Mean
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11-17, 30-34). Our group previously found thel the levals
of HA on deep sress of healing bone of irmsdisied ad
nimirradisied subjects & iTer @ gmilfcamily from dey 30 afler
iressdmmieni [4—&, B, 11-17, 30-32]. In this study, wa wena shia
i detect dilferemess om e hea hng of hone defecls staa-
sl d iy the combined we of bometersl and lbser light

Table3 AMOWA resals fbor sach pealk on bodh pencds 15 and 30 days

[Ftamvem, shift (i =) 1% days 30 days
-0 sl Pl
=~ TG -] POl
-1 07T ME Ppe0o0s
- 484 =0l p=0oal
woll M HE

HE mot sigmif] cand

£l Springes

Raman spectoscopy hes been employed b0 scces the
makoula constiuiien of a sgpeclic dssue @md then
clemssily i sccomding o differences olserved in the spec-
ira [18, 35, 38). Several studies found alsewhers on the
lileralure have shown successlful wse of MIR Raren
specinmcopy & & diagmodic bool For healithy, dBsssed,
or healing bones [5, 6, 30-32]. Ow group has suooes-
fully used this techmique ko delenmne both minenal amd
orgEnic compmeni changss on the healmyg bome. This
method of stesment 15 omdiderad by our lesm and
dglherd &8 & gold denderd 0 dudy bone components sl
constitubon [5, & B, 17, 30-32, 34-368] ad o reves] bio-
cherrncal changpes ssanesbed Lo the healing proess (Table 1)

The remlis of the preseni stwly evidenced thal de-
apike the feot thal both the lmer hght mnd the bomsie.
rial present different mechansm of action during bone
repar, their use =zims the same, 12, the mprovemeni
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Tahle 4 Sy of e s

tica | anabysis i test) of the Raman l'i-l:\qh:;.rnl Time ot B terial Lager Lnn:rl- _
pesaiks wighin each gEap in shift{om™ '} idays} Beneenl
= Lo i fines
500 13 4 15621 047 S 393+4 TET 3348 621 TH0 3k AT 2] SaEh
" TSR] 4T T AT 11T 4 ST A 1 1507728 193"
~ 1,070 En 3801 285 4 4316300 0" 13RI 2" 194611 29 1"
gt AERI21T49 TI0 2232430 R 2 1 R 2 1
-1, 077 o IBz101E 34T 42 24E T EEL L Fonl o LR FSE TR
gt 4EFELITIA 0 TIOS23RE2t Er ERCRE e o 2at14 8t
454 s 4OEH213E A4 e TR & 306 2491 " 41 270 5"
agh IEI22950 A0E 921001 4 459 %] 2102 3% T 4T
il 15* 20L& 4T ST E ITT AL L T G 2100.45
Sapemenpied letiers indicae gt 19422107 4 B2 1146 1L KT T AR T 4747 6
signifian diferces (p<0.0%)

of the mpar, This improvement i3 mamly nelated,
in both therapaes, o cheamolaxis, prolifersbion of
undh Merenlizied call, moresied prolifersiion amnd secs.
tion of oseohlst and chondroblasts, mprovement of
cillagen depoabion, morssted depodibion of osleod,
end muneralizstion [4, 6, 11, 17, 30-32]. This swdy
showed, by Raman amalyss of the mismsly of mosi
ikl peals staocisled b bone Hsue constilulion,
thai the szocisiion of the iechniques resulisd in in-
cressed bone depositon amd munerslizsion of the bone
& previously mepored by our beam [4, 6, 11, 17,
30-32).

The resulls of the present mvesbgston showed hal
the uge of lber hghl stsocisled bo homslenal achsved
bhed remits with regrd b mmershzstion (Fig. 4=-c)
This smpect has been deseribed in previows stdies in
which the we of laser lighi ssocsisd o hydmsyapabis
catded incrested proliferstion of Ghroblesis snd their
gecrebton of collagen, precursor of the bane mabnx,
The meresss] [ormaton of new bone 13 closaly palaled
il both ineressed number of oseoblsts md of ber
sacretion [4].

The resulls of the presenid sty are weall zligned with
previous repons from owr group [4-6 B 1117, 30-34]
and mdicate thal the asmocisbion of laer light with HA
grafl mproves tha remr of bona delecis [4, &, 11, 17,

3-32]. The overall analyas of the resulis of the preseni
investigslion mdicsles thal stsbigically significant dil-
leremces bheiwesn mosi of the peaks siudied wens
masly delecisbie al te end of the expanmenial peri-
od (HA peaks at ~960, ~1,000, and ~1,077 em * amd
the collagen peak ai 1,454 and ~1,0686 em ')

Daming early steges of heating, the mieoblaste activ-
iy # chially probfersiive, ad deposibion saris lsters
this remlis in the fprmetion of mmeiure bone, siill poor
in HA. This lsler maturston nepresents the dmproved
alliy of more malwre osiecblsis o sscrele HA m
irralisiedd subyecis.

The meston why the effacl of lser oradsliion 19 nol
mich detecishle unlil 30 deys afler irestmenl & due &
the fmel thal, dunng esrly dsges of bone heahing the
cellular component (chielly Obroblads and osieohlai)
15 mome prominsni snd mome prone o be allfecied by
tha lighi. With the progression of the repair process, the
hona malrix becomes the man opmpomeant of the
repaming bEdus [4]. This & the reston why the aguen.
oy of apphostion of LPT w elfective when carmied outl
during the celluler phate, when the number of osie-
hlasts is incresting. Laier, the higher number of czlls
requlis in & lerger depositon of bone mamx, which
later moorporates HA, characlerizing masturstion of the
bome.

Tahbe & Surwory of e sis-

tica | amabysis i tet) of the Raman G Roman shift = Clof* Bicrraiarial® Lager® Laser+
prodiks b T gacians X T 192 qulL Biamaseria
day
-0 405l B ™ et pertd aagegag maahd gaaeeg ggethe
EE [ipe] W0 2RS4 43 3011 AL EL1I41 IFE 1T
1077 ITILI01E 4T AL 4R T EcL A FSkrl AL TLNES ]
~Ad4d i Gl 13 RGN A4 G hEE B J0E4G ET T
Spemeripied letiers indicais . 40 G5 AP Qa0 072454 TER G 1004
significant differnces jpofns)
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The preseni work found thai, = the end of the
experimentzl lime, the mesaremenis of the inorganic
comieni of 2ll goups (remarksbly, the peaks malsisd o
mineralization -0, ~1,000, and ~1L077 em ') were
higher on group Later+Bigmaterisl. From our resulis,
il i posible o nole thal the inemsiy of thes peaks
incresied in &l groups and that ths woeuld be mdicative
of the incressad depombon of HA akmg ihe mpar bme
and of the merased monerahzsbon of the newly formed
homa, The tme dignlcantly influenced thess three
p==ks when the homsienal, the bser, or the msociaiom
of both was wed [4, 6, 11, 17, 30-32].

Drepaabion of HA repretemis bone mebirsbon and in-
cressed @amount of HA m bone is mdicsbive of 2 mure
redzbenl bone. The olserved difermess m the e of de-
pesibion of HA bebtween imadisted snd ninimadisied aib-
oot mre probably due lo the shility of the leser hight o
miuce chenmges &l celluber levek, such = mproved ATP
synthess, ey ieoblbte dilfermbation, and the nalass
ol growih factors [4].

With regerd Lo the orgenic conienl, & marked by
Ramen peaks m the ~ L4800 o ~1,700 an™ megion, the
differemess in the inlemsily depemding e the dme of
maturation for the ~1454 cm ' pesk on groups Laser
and Laser+Biomakrial and for the ~1566 cm ' pesk
anly for the group Laser+Bimsienal, tas dilference
seemed b be relsled o changes m the organic conienl
[ i imporiant b nobe that the pesk ~1454 om " was
reduced alomg the repar Bme m nommadsied goups and
incresied m groum Laser smd LasertBiaomoeterial, the
difference bemg signilficenl This pesk sppesrs b bhe
retsbed o the mmomi of collzgen 11 depoibed along the
bame requir, sl which mimsiy B merested in mom=
mmiure bone sl indicsles 2 more orgameed sl melurs
bame marix where HA can be incomporsbed. Thus, ths
may be imbcsbve of the presence of & more sdvenosd
andd mmiure bone issue on mrslisied subjeck. However
whem comparmg ithe bwo oradisied grups, 1018 clesr thel this
prhemdmmemon west more miense in g Lagert Biomoslers],
le, more csincal collsgen, Inbersgdmgly, smilar peiem
was nol observed when snalyring the ~1,666 cm ' peask,
whems 18 inbersiily can bea mone dependemi on o ollagen cnpss-

Ll Springes

Imkang rather than cmoemirsbion or collzgen fype =5 bone
matures. Unlike what happened with the 1454 am™'
peak, the ~1,666 cm " one presenied & nons gnilficant & fer-
enca of the inbenaty for all gmaps, degiles 18 inenesse akng
the tme Ths may mdicste thal ths peak might nod be
semsilive enough o delecl chemges in e orgamo manx &
the ~1 454 em " one.

Commparmy the dilferent growps, =i ihe end of the axper-
imenia] time, the Laser+ Biomaleral group showed higher
inkematy for both orgame matnx peaks, Siom Geantd differ-
ences m the ~1454 cm ' peak were sen betwesn the
Laiert Bwmeenal group and all others. The same wes also
dhasryed morelaton Lo the goup Clod thal showed sgmife
canily smaller pesk when compered o all other groups.
Despite the intensity for the ~1,666 am ' peak of the two
preaks bemg higher om the Later + Biomstmal growup &l the
end of tha experimenizl lome, s was nol sgnificenl. As
previcasly discussed, this pesk moghl nol be idesl 1o alf-
cienily detect clampes m the orgsne mElns.

Finally, it 15 impaorianl & consider that the Bndings of
improved bone hesling in &an smmal model, wit adume-
tive LPT ssocmied or nod o the we of dilfersmi fypes of
biomaslenals, observed on i swly am consisent wath
dlher previously reporied alfBol of the molsed or st
cised we of hem [i-6 B, 11-17, 30-34), specifically
relstion o the we of LPT, effects on the callular e
actions such =5 ATP 3 1% promobon, alecinm trems
port chan dmulstion, ad celluer pH meduction [37,
3R], &nd ihese bochemicsl &l call membrane chengss
may moresia achivibes of macophags Olroblast, me
phocyie, snd the olher hesling call [39, 4], incresie m
collzgen and DA symiheas, moress m Ca depositon
[41-43] incresge in periocsieum cells funchon [44], me
creage in (sleoblel amd eleccyle fmeton [20, 23], =
improved neovascuberizston [42, 43], which e some of
the pasitive alfeck of LPT on bine repuonr thal have been
reporied and may explain the el of s sy

[ 15 concluded thai the use of ke pholotherspy ssoa-
aied o Wphasic synihetc mioogreala HA+ B -calcum
inphosphaie mall wes allfechive in ooproving bane heahing
am bame delecls &5 & resull of the mersssmg deposton of
HA mesained by Ramem spacirsoogs.
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Use of Laser Fluorescence in Dental
Caries Diagnosis: a Fluorescence
X Biomolecular Vibrational
Spectroscopic Comparative Study

Fabiola Bastos de Carvalho!, Ariur Felipe Santos Barbosa™, Fatima Antonia
Aparecida Fanin?, Aldo Brugnera Jinior, Landulfo Sikeima Jonicrs, Antonio
Luir Barbosa Pinheim A%

Thie aimaf this#orkwas boverily e existence of comelation beteeen Raman speciroscopy
regdings of phasphate apstite [~B60 om-1), Muoridated apatite (575 cme-Y) @nd organic
matrie [~ 1450 cmr'] levels and Dizgnodent” readings at different stages of dental caries
in extracted human teeth. The mean peak value of TILOrescence in e carious anea was
recorded and teeth were divided inenamel czres, dentin caries and sound dental stachure.
Afber Muorescence readings, Raman spectroscopy was camied out on the same sites. The
results showed significant difference [ANOVA, p{.0S) between the fluorescence readings
forenamed (164 + 23] and dentin [57.6 £ 21.7 ) on carious teeth. Raman pesks of enamel
and dentin revealed that ~575 and ~56E0 o’ peaks were more intense in enamel caries.
There was signifecant negative comelation (pso0.05) between the ~575 and ~0980 cm-!
jpeaks and denfin caries. |t may be concluded that the higher the fluorescence detected
iy Diagnodent the kower the peaks of phaosphate apstite and fuoridated apatite. As
the early diagnosss of caries is directly related to the identification of changes in the
inorganic toath components, Raman spectroscopy was more semsitive to variations of
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Introduction

Caries is 8 chronie infectious multifactorial disease
and the most prevalent disease in the oral cavity. It occours
due to the demineralization of tooth surfaces by organic
acids [originated from the fermentation of carbobydrates
by bacteria) and by organic matrix degradation (1), This
process & dynamic and may be reversed &t itsearty stages [3).

The formation of a carious lesion and its progress ocours
when perinds of demineralization are more frequent than
those af remineralization. Thus the disease is characterized
by an imbalance betwesn the demineralization and
remineralization occurring in enamel. Despite the small
mineral loss of enamel is not clinically visible at very earky
stages, the injury cxists. As demineralization progresses, a
whitish area appears when the enamel continwes loosing
mineral [3]. The mineral loss due to disease progression,
causes visual changes on the tooth surface, starting in a
subclinical stage (white spot) and followed by cavitation [4).

The enamel s composed of 968 inorganic material
{ealcium phosphate in the form of hydroxyapatite) and the
remaining 4% is water and omganic material. The dentin
presents in its compaosition approximately 7086 inomanic
material, 18% organic material and 12% water It is mainky
composed of ydroxyapatite and its organic content is
formed by approximately 90% of type | collagen. The
remaining fEsue is 2 miture of ctrate, lipids and non-

demineralization.

collzgenous proteing including phosphaor-proteins and
praotecgheans [

Continuous laboratoey studies on caries discase together
with clinical research increase the knowledge on this topic
resulting in changes of routines and procedures. This
includes improvement of the disgnostic ability, allowing the
diagnosis of subtle and earty stage lesions. To be considersd
an ideal diagnastic method it has fo be reliable, detect
lesions in carly stages, be able of differentiating reversible
and irreversible besions, enable its documentation, have
affordable cost, be comfortable to the patient, be both
fast and ezsy to implement, and applicable to 2l sites of
the tooth with the same efficiency (BL

In the 1990%, good perspectives on the use of laser
fluorescence for the dizgnosis of caries were presented
and this technology was proven able of detecting carly
demineralization, especially when a fluorescent dye s
added to the mineralized surface (7).

The inexistence of a method abkle of diagnosing
disease [sensitivity] and soundness (specificity) led to
the development diagnostic tools, e.g. laser fluorescence
[Dizgnodent®; Kavo, Biberach, Germanyl, which has been
considered 2 promising method (8). The principle of using
a laser beam for diagnosis relies on the fact that an altersd
mineralized surface irradiated by a longitudinal light wave
emits fluorescent radiation. Diagnodent is 3 diagnostic
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device that has a probe that emits light directed on the
mineralized surface to be sxamined. I this surface has
some form of structural change, it will emit a fluorescent
light that is captured hack by the probe and the devies
will display values ranging from 0 to 90 (9]

Diagnodent has been tested extensvely, including for
detection of oeelusal and smooth surface caries, comparing
its results with visual inspection, histology, radiography and
quantitative light-indwced fluorescence (7,90

Raman spectroscopy is a powerful technique for
mezsuring light dispersen, which is used to analyze the
internal structure of molecules. Raman spectroscopy is
hased on measurement of the wavelength and intensity
of inelastically dispersed light. Raman scattering occurs
at wavelengths that are displaced from the incident light
by the energy of molecular vibrations. Although the
mechanism of Raman scattering is different from that of
infrared absorption, it provides additional information and
its applications include structural and multicomponent
qualitative and guantitative analyses. This technigue has
been used in different areas as a noninvasive diagnostic
resource of biological samples, such as periimplant and
bone healing and combination with biomaterials [10-12).

The Raman spectrum of tooth shows prominent
vibrational bands related its composition. 5ome of the
main Raman bands on tisues are at -575, 060, 1450
cm-'. The - 1450 band is attributed to amide | znd amide 11
strefching modes as well as to the bending and stretehing
modes of CH groups of lipidsand proteins; the onesat -560
and ~57 & em! are attributed to phosphate and flucridated
apatite, respectively (11,12).

The aim of this study was to cormelate the results of
fluorescence readings and Raman spectroscopy regarding
the kevels of phosphate apatite (960 cm-1), fluoridated
apatite [~5T% em-1) and organic matrix (- 1450 cm-1) &t
different stages of dental canies in extracted human teeth.

Material and Methods

The Ethics Committes of the Dentzal School of the
Federal University of Bahia, Brazil (Protocol #17/11)
approwved the present study. Twenty extracted human teeth
wene used. Five sound teeth [extracted dwe to periodontal or
arthodontic reasons) and 15 teeth with carious lesions on
ane smooth surface [mesial, distal buceal or lingual] wers
collected and stored in 10% formalin. At the moment of
the readings, the teeth were washed in running tap water
and cleaned for remaoval of all traces of formalin, stains
or caleuli and were then stored in saline.

Fuorescence readings were taken with Diagnodent
(3=E6EL nm). The device was calibrated according the
manufacturers instructions and readings were made
with the flat tip [point B] positioned perpendicular to the

&0

analyzed surface (B)L For reading on sownd dentin, @ sound
tooth was sectioned longitudinally with water-cooled
carborundum disk to expose 2 smooth dentin surface.

The mean peak value of the maximum fluoreseence
reading was recorded and the tecth were grouped [n=4%)
as follows: sound enamel [0 to 10), sound dentin (0 to
10), enamel caries (11 to 20, and dentin caries (21 to
99). Reference values used where those suggested by the
manufacturer [&]. For all groups, five readings wers taken
from each sample in order to caleulate the mean and
standard deviation.

After the readings of laser fluorescence, the samples
were anzslyaed wsing 3 dispersive Raman spectrometer
{AndorShamrock3R303i; Andor Technology, Belfast,
Marthern Ireland] and & stabilized diode laser [L= TRE nm,
EO0 miW; B & W TEE, Mewark, DE, USA| The excitation of
the sample and collection of Raman spectra was performed
by a fiber optic cable [Raman Probe] positioned in contact
with the samples. The band used for analysis ranged from
200 to 1800 cm-.

Detection of scattered light signal of the smplewasdone
by @ back-illuminated thinned, deepdepletion | 1024 128°
pixels] iDUS CCD camera (Andor Technology) cooled by
comder thermocouple, reaching @ working temperature of
-M"C in & min after the start of spectrometer operation.
Arquisition and storage of the spectra were performed by
a micrecomputer using the Andor Salis software via USE
connection, controlling the exposure time of the detectar,
number of acquisitions persample and provides storage of
the spectra for further analysis and interpretation.

The exposure time to obiain the spectra was 20 5,
accumulated at a single time, with power of 500 mid.
This acquisition time and power does not damage the
sample. The spectrometer wavelength was calibrated by
the manufacturer before data collection. Werification
was done by colbecting the spectrum of naphthalens and
comparing the position (Raman shift) of the main bands
of the compound ohtained in the literature, in the spectral
region B0 to 1800 cm-'. This is the region of intersst to
the Raman spectroscopy when used for biological materials
anakysis " fingerprint® region L After calibration of Baman
shift and the acguisition of the spectra in witro they
were pre-processed and stored for subsequent statistical
evaluation.

The preprocessing consisted of removing the
background fluorescence, which calculates @ B order
potynomial adjusted to the low-freguency spectral
compaonents [luorescence| and its subsequent subtraction
from the original data, revealing the high freguency
spectral components (Raman )L The spectra had their original
infensities maintained. This pre-processing was carried out
using an operational default protocol in the Matlab 4.0
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[The Mathworks, Matick, MA, USA] software (111

Five readingswers taken from each sample at the same
point where the fluorescence readings wene taken inorder
to caleulate the mezn and standard deviation. The data
wiere analyzed using the Minitab 14 softwane (Minitab, Belo
Horizonte, MG, Brazil) and significance level wasset at B,

Results

The results of fluorescence readings are summarized in
Table 1. Huorescence readings of carious enamel and dentin
showed significant differences (ANOVA, p<000%5) with mean
values of 1.6 + 237 for dentin and 16.4 £ 2.3 for enamel
[Fig. 1]. The readings for sound enamel and dentin were
A6 £ 05 and 54 £ 05 respectively.

In the Raman spectroscopic study the -980 c¢m-?
[phosphate apatite), 575 em? (fluoridated apatite] and
~ 1450 em-'|arganic matrix] peakswere anzlyeed. Therewas
significant difference (p<0U05] between sound enamel and
dentin for all evaluated pezks [Fig. ). The higher intensity
of the peaks is related to the inorganic components [~57 5
em™ and ~960 cm) in enamel

Analysis of Raman caries peaks in enamel and dentin
showed a statistically significant difference [p<0.05] for
all peaks (Fig. 3). Raman peaks showed significant positive
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oorrelation [Pearson correlation p<0.05) to both enamel
and dentin [Table 21

Analyzing carious and non-caricus feeth in enamel
and dentin, 3 lower intensity of the peakswas observed on
the carious ones [Fig. 4] this difference being statistically
significant [p<0.05) anly for the 575 cm-" peak in dentin,

The comelation between Diagnodent readings and
Raman peaks showed a negative and significant cormelation
(Pearson, p<005) only between the ~57% cm-' and ~960
om peaks in dentin caries. The -- 1450 cm- Raman peak and
Diagnodent readings in dentin caresshowed no significant
ocorrelation. In enamel, no significant correlation was found
between Diagnodent readings and Raman peaks (Table 3).

Discussion
Diagnodent emits a diode laser at 655 nm wavelength,

which is absorbed by the dental tisswes. Part of this light
is re-emitted 2s fluorescence. Fuorescence increases

Tabde 1. Summary of the results of Diagnodent fiscrscence readings

Tedh Dizgresdert readmae Diagnasi
a A7) 45] 45] 48] 48 Derstin caries
b a5/ 55 46] 45/50 Dertin caries
c B1J G5ITS/E8/ 64 Derstin caries
d 5ol o5 sl saf 59 Demtin caries
. 29/ 37 33 39 M Dertin caries
f 19/ 13/ 18/ 18/ 16 Enamed caries
g T8I 177 147 129 Enames caries
h 130 187 19 18] 18 Enamel caries
i 130 180 13 10/ 19 Enamed caries
j 120 140 13/ 16/ 14 Enamed caries
Tientin 5 & & 5/ & Sound dentin
Enzmel TR FTE Serand enamel

g'ﬂ-\,_rl'q-_;. -

sepogt0 6B EOR IDB0  IDGD  pe0D 1600 1806
Haream SkilL[Em )

Figuere . Raman spectra of canes in ename] and dentin.
B1

198

Laser fluorscence end diegnosds of erdes




FH, de Carsal ka & al,

Braz Dent T 24{1) 201 3

with the progression of caries [7.13]. In the present
study, significant differences were observed between the
Diagnodent readings for caries in enamel and dentin, with
highervalues of flunrescence related to dentin. This shows
that more advanced processes of caries as in dentin have
higher fluprescence.

Caries beginson tooth ename, which has hydrosyapatite
{HA) a5 its main component. When a solution containing
fluoride comes in contact with HA, OH-ions may be replaced
by F- ions resulting in the formation of fluoridated apatite.
This compound is found both in enamel and dentin (14,1 5]

Raman spectroscopy shows the chemical structurs
of the tissues. In this study were observed enamel and
dentin peaks related to the inomganic components -S60
cm-' [phosphate apatite] and ~&76 em-' [16) [attributed
to fluondated apatitel both with greater intensity in
enamel, confirming its higher mineral content. The --1450
cm-' peak related to the organic content was ohserved in
higher intensity in dentin.

Raman spectroscopy of canous and non-carious teeth
reveabed reduction of the intensity of peaks from inormanic
components, but were not statistically significant. Unlike

Tabie & Comdation between Eaman peais obi@ined in enamel and
derrtin

a previous study [17) that reported changes in the Raman
peak of phosphate between sound and carious enamel, in
this study was pbserved a significant reduction onby for
the 575 em-' peak in dentin caries.

In the correlation of Disgnodent readings with Baman
peaks was ohserved 2 negative and significant correlation
only between the 576 em™ and ~-8G60 em-' peaks and
dentin caries. The bower the intensity of these inorganic
components the higher the value obtained in Diagnodent
readings in dentin. This finding reinforces the observation
of another study (18] which concluded that the depth
of dental caries has greater influence than the mineral
lpss in Diagnodent readings. The increased values in
the Diagnodent readings were probably due to 2 higher
fluorsscence, which might be attributed to bacterial
metabolic activity (9] and also to the amount of organic
matrix [13,18) rather than from disintegration of crystals.

There was no significant correlation betwesn
Diagnodent readings in enamel and Raman peaks, proving
that Diagnodent does not measure accurately small
changes in mineral content. These findings corroborate a
previous study [19] inwhich Diagnodent showed the lowest

Tabiée 3. Corredation between Raman peaks and Dagnodent® radings
i caniows teeth

Comslated Peaks r P walue
Enamel 575 X Q&0 [k =000
Enamel 575 X 1450 T4 [l k)]
Ename 960 X - 1450 &7l L6
Dentin -360 K - 1450 ATES 0.0
[entin 260X ~5T5 BET e fa N |
[entin =575 X -~ 1450 LBaT LT
“Pearsom's comeation.
Db Caren
FRnca mEna g Corlng 0000
= frams = Eraaraed
FOO0H =t 250000 = Eerain
i I -
15000 =
-
Eionon E
: frooes
= S0
o+ L=
STem”’

B Dwrlin Carvr
B Ercarid (o

Comelaied praks r p walue
Ihentin - 575; Dizgnodent Dentin - 645 .pos™
Mentin -250; Dizgnodent Dentin wal-ap ) =OL0ar™
IDientin - 1450; Disgnodent Dentin 0370 0175
Ename - 575; Diagnodem Enamel o232 0389
Enamme 250 Diagnodem Enams o234 .40z
Ename - 1450; Diagnodem Ename [EREH .20

TFrearon's corelation; Statistically Sgnificant.

ECenkin Carles
AT H Enames Cariec
i Dy
oL LU [ — l
3 2000 4
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T
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Figure 4. Mean sahees of Raman readings im sound and carious eramel and dentin
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sensitivity [0UEE-0.7 5] when compared with all other studied
detection methods. According to the authors (19] les
sensitivity could be explained by the Dizgnodent pen device,
sinee the study refers mainly to enamel lesions and not to
dentinal ones. Ingeneral, all studies agree that Diagnodent
performs well when used for dentinal lesions [3).

Within the limitations of this in wiro study, these
results suggest that Dizgnodent readings reflect changes in
arganic matter instead of inorganic contents. In a previous
report (18] the correlation betwesn mineral boss in enamel,
mezsured by microradicgraphy, and Diagnodent readings
was only (UEE.

Another study (20) revezled differences between sound
enamel and initial caries at the peak of HA, disagreeing
with the findings of this study in that the ~960 cm-' peak
in cnamel caries and sound enamel had no significant
difference.

Since the early diagnosis of cares is directly related
to the identification of changes in inonganic components
of the tooth, Raman spectroscopy was more sensitive to
variations of these components when compared with
Diagnodent.

Resumo

() phietive desse estudo: foivertficar por meio da espectmscopia Raman,
a evisténcia de correlagdo entre os nivels de apatita fosfatada (-960cm-
' apatita Auoretada 575 =) & matriz orgdnica [~1450 o= = an
leiburas do Dlagnodent® em diferentes estagios die cirie dental em denbes
Framanos simidos Ovalor médio do pico de fluorscéneia nadrea da cane
foi anotado e o5 dentes ddidos em cdne de eomalte, dentina = dente
higade. fypos as leituras de fluorescéncia, foi realirada 2 espectroscopia
Raman nos mesmaos sitios. Os resulad s mestraam diferenga sgrificants
WBNOVA pon0s) enbre as leiturs de fluoresckncia pam esmalte [16.4 2
23] = dentira [57.E + 737] ns denfes mwiadox Os pices Raman pam
esmalie e dentina svid enciaam que m picos 575 ¢ ~S580 om- foram mais
intermos em cine de esmalte. Howee correbgldo negativa e significante
|p=L0S) entre 0% picos 575 & =560 tm- e cirie de dentina. Pode-se
concluir que quasto maior a feerescincia detedtada pelo Diagnodent
menor o pice da amtita fosfatada e feoretada. O dizgnosticn precoce
da cane estd diretamente relacionado com a sentificagio de madangas
s cOmpanen tes ingrgdnicos do dentes, 2sim a espectmscopia Baman
foi mais sensived para wariaghes demes componentes guando compaseda
ao Diagnodent.
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