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RESUMO

O objetivo do presente trabalho foi a avaliacdo do processo de cicatrizacdo/ reparo
tecidual em ratos Wistar. Foram avaliados ferimentos completos confeccionados na regiao
dorsal dos animais, para a avaliacdo da cicatrizacdo da pele, e defeitos criticos circulares
na regido de calvaria, para o reparo 0sseo, os quais foram tratados com um hidrogel a
base dos polissacarideos, policaju, extraido da goma do cajueiro (Anacardium occidentale
L) e quitosana, sendo o mesmo denominado POLI-CHI. Foi empregado associado ou nédo
a Laserterapia de baixa intensidade (LTBI) no espetro do vermelho (660 nm) para pele e
no infravermelho (830 nm) para o osso. Para tal, foram utilizados 96 animais (60 para pele
e 36 para o 0ss0), machos, com idade entre 90 e 120 dias, os quais foram submetidos a
procedimento cirargico para a confeccdo de ferida circular (& = 0,8 cm) na regido dorsal
toracica e defeito 6sseo critico com a utilizagdo de trefina circular (@ = 0,5 cm). Os
animais foram divididos em 3 ou 4 subgrupos de acordo com o tratamento empregado:
Controle (C), tratado com NaCl 0,1M; tratado com Hidrogel (H); tratado com LTBI (L), este
subgrupo nao foi utilizado para a avaliacdo do reparo 6sso, e tratado com Hidrogel
associado a LTBI (HL). Os mesmos foram submetidos a eutanasia com 03, 07 e 15 dias
para pele e 15, 30 e 45 dias para 0osso. Com relagcdo a avaliagdo da cicatrizacdo de pele,
0s subgrupos H e HL apresentaram cicatrizes mais estéticas e contracdo da lesao
significante em comparacdo ao C (p < 0,05) e maior presenca de crosta fibrino-
leucocitaria, maior presenca de fibras colagenas em H, HL e L, regressao da neoformacéao
vascular em H e modulagdo em L e HL. Para o reparo 0sseo, ndo foi identificada
significancia entre os subgrupos para a avaliacdo radiografica, contudo, na avaliacdo da
regressao do defeito realizada através da avaliacao histologica, identificou-se significancia
entre HL e C para 15 e 45 dias e entre H e C para 45 dias, identificou-se também maior
presenca de neo-formacao 6ssea para H e HL e neo-formacao vascular. Tendo em vista o
gue foi apresentado, pode-se concluir que o POLI-CHI se apresenta como um promissor
material para ser utilizado para o estimulo e modulacdo da formacao tecidual,
provavelmente estimulando a deposi¢cdo de colageno e ampliando a vasculatura local,
essencial para o reparo de tecidos mineralizados.

Palavras-chave: Polissacarideos. Anacardium occidentale L. Quitosana. Pele. Osso.

Laser.



ABSTRACT

The aim of this study was to evaluate the tissue healing/ repair process in Wistar rats.
Where evaluated complete surgical wounds in the dorsal thoracic region (for skin healing
assessment) and critical size circular bone defects in the calvarium region (for bone
assessment), which were treated using a polysaccharide hydrogel made using policaju,
extracted from the Anacardium occidentale L. gum, and chitosan, being termed POLI-CHI.
This treatment was made associating or not with the Low Level Laser Therapy (LLLT), in
the red spectrum (660 nm) for skin and in the infrared spectrum (830 nm) for bone. Ninety-
six animals were used (60 for skin and 36 for bone), male, age ranging from 90 to 120
days, they were subjected to surgical procedures to simulate a complete circular wound (&
= 0,8 cm) in the thoracic dorsal region and a critical size defect in calvarium region (@ =
0,5 cm) using a drill. The animals were distributed in 3 or 4 subgroups, according to the
treatment, being: Control (C), treated using NaCl 0.1 M, Hidrogel (H), LLLT (L), this
subgroup was not valuated for bone repair, and treated with hydrogel and LLLT (HL). The
animals were euthanized after 3, 7, and 15 days for skin and at 15, 30, and 45 days for
bone evaluation. Regarding wound healing, H and HL presented a more esthetic scar
tissue and significant wound regression in comparison to C (p < 0.05), and yet a strong
presence of Fibrin-leucocyte crust, strong presence of collagen fibers for H, HL and L,
neovascular regression at H and modulation for L and HL. In the matter of bone repair,
there was not significance between subgroups at the radiographic evaluation, although, in
the defect’'s regression evaluation using histology measures was found that HL was
significant to C at 15 and 45 days, and H to C at 45 days (p < 0.05). Also, was found a
strong presence of bone and vascular new formation in H and HL. Observing the collected
data, it's possible to conclude that that POLI-CHI presented is self as a valuable material
to use for stimuli and modulation of tissue repair/ healing, probably by increasing the
collagen deposition and increasing the local vase presence, essencial to a correct repair of
mineralized tissue.

Key-Words: Polysaccharide. Anacardium occidentale L. Chitosan. Skin. Bone. Laser.
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1 INTRODUCAO

Uma grande variedade de produtos terapéuticos ou ndo tem como fonte a flora e a
fauna. Remédios, alimentos, fibras, 6leos naturais e essenciais, cosméticos, e produtos
guimicos sao alguns exemplos dos produtos que podem ser fabricados/obtidos a partir
das inUmeras classes de compostos quimicos extraidos das nossas espécies vegetais e
animais. Os polissacarideos representam uma das classes de maior relevancia, uma vez
gue sédo polimeros naturais extraidos de plantas, algas, animais, fungos ou obtidos por via
fermentativa, com uma ampla gama de aplicacGes, especialmente nas areas alimenticia,
biomédica, farmacéutica e cosmética.

Dentre diversos polissacarideos com propriedades medicinais, o POLICAJU,
extraido da goma do cajueiro Anacardium occidentale L., encontrado em paises tropicais,
tem apresentado resultados eficientes no processo de cicatrizacao de lesdes cutaneas. O
facil acesso a este material natural, ndo toxico, hidrofilico, biocompativel e biodegradavel,
0 qual ainda apresenta interessante atividade biolégica e boas propriedades reoldgicas
sdo fatores que fazem com que seja viavel o seu uso como matriz para imobilizacdo e
distribuicdo de drogas.

Com relacéo a facilidade de acesso e aplicabilidade, outro polissacarideo que tem
tido grande destaque € a quitosana, obtida por desacetilacdo da quitina, por via
fermentativa, ou ainda encontrada naturalmente na parede celular de alguns fungos. Com
relacdo as suas atividades biol6gicas, a mesma tem sido destacada por apresentar
atividades antimicrobiana, antifingica, anticancer, hemostaticas, bem como atividade
curativa e cicatrizante.

Dentre os diversos tipos de agentes curativos que ajudam a manter a umidade no
local lesionado, podem-se destacar os hidrogéis. Os quais representam uma classe de
sistema de liberacdo controlada de drogas que tem se destacado na entrega inteligente
das mesmas. Os hidrogéis sao definidos como uma rede polimérica reticulada capaz de
absorver grande quantidade de agua ou fluido biolégico, sem se dissolverem, e tém sido
utilizados em aplicacbes médicas e biologicas devido as suas caracteristicas fisico-
guimicas, podendo assim serem utilizados para conservar células, nutrientes, drogas ou
proteinas.

Ha evidéncias de que varias estratégias terapéuticas sdo capazes de modular
eventos em todas as fases do processo de cicatrizacdo de feridas cutaneas, dentre elas
podemos destacar a laserterapia de baixa intensidade, do inglés Low Level Laser Therapy

(LLLT). Aplicagbes da LLLT incluem o tratamento de feridas resultantes de traumas ou
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lesdes vasculares, restauracdo da funcéo neural normal apos a lesédo, atenuacao da dor e
modulacdo do sistema imune. Combinacdes de terapias sdo muitas vezes necessarias
para melhorar o efeito terapéutico através do sinergismo e para reduzir a dose ou
frequéncia de cada um dos tratamentos de lesdes, e, por conseguinte, reduzir o risco de
efeitos adversos.

A busca por novas modalidades de tratamento para lesdes teciduais é sempre uma
constante, desta forma, visando a melhoria dos resultados, terapias combinadas,
associando a Laserterapia com biomateriais vem se consolidando como forma de acelerar
e melhorar a qualidade dos processos de reparo e cicatrizacdo. Desta forma, o objetivo
deste estudo foi avaliar o potencial de estimulo a cicatrizacdo/ reparo tecidual (cutaneo
e/ou 6sseos) em ratos Wistar, tratados com hidrogel de policaju e quitosana associado ou
ndo a LLLT.
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2 OBJETIVOS

2.1 GERAL

Avaliar o potencial de estimulo a cicatrizagéo/ reparo tecidual em ratos Wistar, tratados

com hidrogel de policaju e quitosana associado ou ndo a Laserterapia de baixa

intensidade.

2.2 ESPECIFICOS

Obter o hidrogel de policaju e quitosana (POLI-CHI);

Realizar o tratamento tépico de lesdes cutaneas experimentais em ratos Wistar
utilizando POLI-CHI ou POLI-CHI associado a Laserterapia de baixa intensidade
(LLLT);

Acompanhar a evolugdo do processo de cicatrizacdo (achados clinicos e
mensuracao de sua area) durante 14 dias;

Acompanhar a cicatrizacdo do ponto de vista histopatologico, através de biopsias
no 3° 7° e 14° dias do pés-operatorio (Crosta fibrino-leucocitaria, Colageno,
Necrose focal, Depoésitos de fibrina, Exsudato neutrofilico, Edema, Exudato
eosinofilico, Infitrado mononuclear, Infiltracdo macrofagica, Granulomas,
Neovascularizacao,Proliferacao fibroblastica, e Fibrose);

Realizar o tratamento de defeitos criticos 0sseos realizados na calvaria de ratos
Wistar utilizando POLI-CHI ou POLI-CHI associado a LLLT;

Acompanhar a evolugao clinica dos animais durante os primeiros 15 dias;

Analisar radiograficamente o potencial de reparo 6sseo no 15°, 30° e 45° dias apds
a confeccao do defeito;

Analisar através de softwares o reparo através da mensuracdo da distancia entre
os bordos do defeito critico e célculo de regressao.

Acompanhar o reparo do ponto de vista histopatoldgico, através de biépsias no 15°,
30° e 45° dias do pés-operatorio (Osso neo-formado, angiogénese, e deposicao de

colageno).
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3 REVISAO DE LITERATURA

3.1 ANATOMOFISIOLOGIA
3.1.1 TECIDO TEGUMENTAR (PELE)

A pele é o maior 6rgdo externo do corpo humano, representando cerca de 15% do
nosso peso corporal, possui multiplas variagdes em relagdo a elasticidade, flexibilidade e
resisténcia. E considerada o maior revestimento do corpo humano, visando, sobretudo, a
protecdo contra agentes externos inerentes ao ambiente. Divide-se em duas camadas:
epiderme e derme, sendo suportadas pela hipoderme ou tecido subcutaneo (JINDAL,
2017) (Figura 1).

Figura 1. Fotomicrografia. Camadas da pele, evidenciando a epiderme e derme.

L S PRSI E G

FONTE: Brohem et al. (2011).

A primeira, mais externa, é formada basicamente por epitélio estratificado
pavimentoso com espessura entre 0,05mm a 1,5 mm. E composta primariamente por trés
tipos distintos de células: melandcitos, responsaveis por sintetizar o pigmento melanina;
células de Langerhans, elemento fundamental em reacbes imunes; e as ceélulas de
Merkel, cuja fungéo ainda ndo foi muito bem esclarecida pela ciéncia (HABIF, 2015).

A segunda camada, a derme é normalmente mais flexivel e elastica. Contém
grande quantidade de fibras protéicas, vasos sanguineos, termina¢cdes nervosas, 0rgaos
sensoriais e glandulas. Possui maior espessura na regido dorsal do corpo em relacao a
ventral. Abaixo desta, existe a hipoderme que pode ser considerada como um tecido ou
tela subcutédnea, sendo composta principalmente por tecido conjuntivo frouxo e tecido

adiposo. Desempenha as fungbes de isolamento térmico e fixagdo as estruturas
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subjacentes (SAMPAIO e RIVITTI, 2014).

A pele possui os chamados anexos, como: unhas, pélos, glandulas sudoriparas e
sebaceas. As unhas sdo estruturas achatadas, elasticas, de textura cOrnea, aplicadas
sobre a superficie dorsal das falanges distais. Os pélos sdo encontrados em quase toda
superficie do corpo. Variam muito em comprimento, espessura e cor. As glandulas
sudoriparas consistem em um simples tubo cuja parte profunda constitui uma bolsa
esférica ou oval chamada corpo da glandula, enquanto a por¢cdo superior ou ducto
atravessa a derme e a epiderme, abrindo-se na superficie da pele por uma abertura
afunilada. Sdo muito abundantes na palma das méaos e planta dos pés (BONALUMI-
FILHO, 2013). As glandulas sebaceas sdo 6rgaos glandulares pequenos e saculiformes
alojados na derme, encontradas em abundéancia no couro cabeludo e na face. Cada
glandula consiste de um simples ducto que emerge de um agrupamento ovalado ou em
forma de garrafa (alvéolos), que sdo em geral de dois a cinco, podendo chegar, em
alguns casos, até vinte. Cada alvéolo é composto de uma membrana basal transparente
contendo certo nimero de células epiteliais (SAMPAIO e RIVITTI, 2014). Possui ainda
inmeras terminagfes nervosas livres. S8o sensiveis aos estimulos mecanicos, térmicos
e especialmente aos dolorosos. Sdo formadas por um axoénio ramificado, envolto por
células de Schwann, ambos envolvidos por uma membrana basal (JOHNSON e WOLFF,
2014) (Figura 2).

Figura 2. Fotomicrografia evidenciando a Pele (P), Hipoderme (HD) e anexos,
como: Foliculos pilosos (FP), Termina¢des nervosas livres (TN), e Glandulas sebaceas
(GS).

Fonte: ISOLA et al., 2013.
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Com relacdo a pigmentacdo da pele, um destaque especial deve ser dado aos
melandcitos. Estes sdo células produtoras de melanina (responséaveis pela coloracdo da
pele e a protecao celular contra a radiacdo solar), localizados em grande parte na
epiderme. Em diversas circunstancias nas quais ocorre lesdo desse estrato a camada de
melandcitos é depletada ocasionando assim a palidez caracteristica de determinados
tecidos reparados (SAMPAIO e RIVITTI, 2014).

3.1.2 CICATRIZAQAO DE FERIDAS

O processo de cicatrizacdo ou reparo da pele envolve uma cascata ordenada de
eventos, como: inflamacao, proliferacdo (neoangiogénese, deposicdo de colageno e
reepitelizacao) e formacéo de tecido de remodelamento (WALLACE E BHIMJI, 2017). O
objetivo destes eventos reparadores é impedir a invasao de patdgenos e restabelecer a
integridade dos tecidos danificados, reconstruindo assim a funcionalidade. Este processo
envolve uma grande variedade de células (neutrdfilos, macrofagos, fibroblastos),
citocinas, quimiocinas, fatores de crescimento (FC) e espécies reativas de oxigénio
(EROs) (LEAL, et al., 2017).

A inflamacado caracteriza-se pelo aparecimento de dor, calor, rubor e edema. A
injaria geralmente causa ruptura nos vasos sanguineos, com extravasamento dos
constituintes do sangue para a regiao lesada. O dano endotelial resulta na ativacdo de
plaguetas e da cascata de coagulagéo, que leva a formacédo de uma camada de fibrina e
em seguida, é formada uma matriz proviséria para a migracdo celular (WANG et al.,
2017).

Uma vez no local da ferida, neutréfilos e macrofagos ativados desencadeiam a
liberacdo de mediadores inflamatérios, como citocinas, quimiocinas, EROs e enzimas
proteoliticas. A producao de citocinas pro-inflamatérias como a interleucina 18 (IL-1B),
interleucina 6 (IL-6) e o fator de necrose tumoral alfa (TNF-a) ocorre rapidamente apds o
trauma. Estes sdo importantes na ativacdo de células endoteliais e na expressao de
moléculas de adesdo, fato que contribui para o recrutamento e acumulo de mais
fagécitos na area inflamada (BERMAN et al., 2017). As guimiocinas, por sua vez,
contribuem para a regulacédo da epitelizacdo, angiogénese e remodelamento do tecido.
As proteinas inflamatérias para macrofagos (MIP-1a, MIP-1B, MIP-2), proteina
guimioatraente de macrofagos tipo 1 (MCP-1) e a interleucina 8 (IL-8) sdo exemplos de
quimiocinas (PLIKUS et al., 2017).
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A producéo de mediadores inflamatorios € finamente regulada. Um dos pontos de
regulacao é ativagaol/inibicao de fatores de transcricdo como o fator nuclear Kappa
(NF-kB). Este € formado por subunidades citoplasmaticas que se encontram na forma
inativa. Quando ativado, O NF-kf transloca para o nucleo e liga-se a regido consenso de
genes que expressam citocinas e enzimas oxidantes. A inducdo desta cascata de
sinalizacdo € necessaria para que a resposta imune ocorra, entretanto, ela deve ser
eficientemente desligada para evitar danos teciduais e retardo na cicatrizagdo. Outro
importante fator de transcricdo envolvido no reparo tecidual é a proteina ativadora-1 (AP-
1). Sua ativacdo e expressao € influenciada por interleucinas e o fator de crescimento
transformante B (TGF-B) (YUAN et al., 2018).

O aumento na permeabilidade é um fator importante relacionado ao processo
inflamatorio da ferida. A permeabilidade elevada dos vasos permite a deposicdo de
matriz rica em fibrina, a que € fundamental para a migragéo celular (WANG et al., 2017).
A resposta migratoria € um processo altamente regulado e envolve diversos mecanismos
como a presenca ou auséncia de quimiocinas especificas, a habilidade da célula em
migrar ao longo de um gradiente quimiostatico, a interacdo entre receptor-ligante e a
expressdo de moléculas de adeséo na superficie das células inflamatérias e nos vasos
sanguineos. Além desses fatores, a fluidez da membrana celular também modula a
resposta quimiotatica (WALLACE E BHIMJI,2017).

Na fase proliferativa do processo de cicatrizagdo ocorre neoangiogénese,
producdo de coldgeno jovem pelos fibroblastos e intensa migracdo celular,
principalmente de queratinécitos, promovendo assim a reepiteliza¢do. Inicialmente, os
macrofagos ativados liberam o fator de crescimento derivado de plaquetas (PDGF),
TGF-B1 e fator de crescimento de fibroblastos (FGF), que estimulam a proliferagéo e a
migracdo desses para a area lesada (STEPNIEWSKI et al., 2017). Com o aumento do
namero de fibroblastos ativados, a matriz extracelular é substituida por tecido conjuntivo
mais forte e elastico. Ao final da etapa proliferativa, o leito da ferida esta totalmente
preenchido por tecido de granulacdo (WANG et al., 2017).

A fase de remodelamento envolve etapas sucessivas de produgdo, lise e
orientacdo das fibrilas de colageno, aumentando a sua resisténcia pelo fato de que a
organizacdo das fibras acompanha as forcas mecanicas a que o tecido esta sujeito
durante a atividade normal. Ao final desta etapa, os anexos da pele como foliculos
pilosos e glandulas sofrem regeneracdo limitada e a coloracédo da cicatriz permanece

7

palida, pois a regeneracdo dos melandcitos é deficiente e as cicatrizes sao
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hipovascularizadas devido ao desaparecimento dos neocapilares. (STEPNIEWSKI ET
AL., 2017)

3.1.3 ANATOMOFISIOLOGIA DO TECIDO OSSEO

O tecido d6sseo ao contrario da pele, a qual exerce a funcdo priméaria de
revestimento, caracteriza-se por ser um tecido conjuntivo especializado constituido por
células e matriz extracelular. E distinto pelo processo de mineralizacdo da matriz,
produzindo um tecido extremamente duro e capaz de desempenhar a funcédo de
suporte, protecdo de érgaos vitais e conformacao do corpo (FLORENCIO-SILVA et al.,
2015). Funciona também como depdsito de célcio, fésforo e outros ions, armazenando-
os de maneira controlada, para manter constante sua concentracdo nos liquidos
corporais (JUNQUEIRA e CARNEIRO, 2017). Sua estrutura complexa e dinamica faz
com que suas células estejam em constante manutencdo da massa Ossea através da
remodelacdo, além de possuir uma inigualavel capacidade de reparacéo, participando
de um processo continuo de remodelamento, no qual, pressGes aplicadas sobre o
tecido levam a sua reabsorcdo, enquanto a tracdo leva ao seu desenvolvimento
(TRENTO et al., 2017).

O tecido 6sseo se divide em compacto (cortical) e esponjo (trabecular). O cortical
constitui-se por lamelas circunferéncias e concéntricas cercadas pelo periésteo que
consiste de uma camada exterior fiborosa e uma camada interior formada por células
osteoprogenitoras, fibroblastos e osteoblastos. Organiza-se em unidades chamadas
Osteons ou sistemas de Havers. Vasos sanguineos, linfaticos e nervos do periésteo
penetram no 0sso compacto pelos canais perfurantes de Volkmann, irrigando o local
(GARTNER, 2016). Ja o tecido esponjoso ndo contém Osteons, e sim lamelas dispostas
como uma trama irregular de finas colunas Osseas, as trabéculas. Os espacos
macroscopicos entre as trabéculas sdo preenchidos por medula G6ssea vermelha,
produtora de células sanguineas. Esse tipo de tecido aparece no esqueleto axial e
epifises dos ossos longos preenchendo os espacos entre as corticais (NEELAM, 2016)
(Figura 3).

Figura 3. Tecido 6sseo, evidenciando: Peridsteo, Osso compacto (OC), Canais de
Volkmann (CV), Osso Trabecular (OT), e Medula éssea (M).
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Com relacdo a composicdo da matriz éssea, esta constitui-se de agua, proteinas
fibrilares e minerais cristalizados. Bioquimicamente o 0sso forma-se por uma mistura de
duas fases, a organica (50%) também chamada de matriz extracelular ou matriz
ostedide e a fase inorganica (50%) conhecida como fase mineral (JUNQUEIRA e
CARNEIRO, 2017).

O componente organico compreende-se por fibras colagenas (95%) constituidas
de colageno do tipo |, proteoglicanos e glicoproteinas (osteocalcina, osteopontina e
sialoproteina do 0sso0). A calcificacdo ocorre somente em presenca de fibras colagenas,
0S sais minerais comegam a cristalizar no espago microscopico entre as fibras de
coldgeno, quando este espacgo esta preenchido, os cristais minerais se acumulam ao
redor das fibras de colageno, essa combinacdo de sais cristalizados com fibras de
colageno caracteriza a dureza do osso (NEELAM, 2016).

A porcéo inorganica do tecido 6sseo (55%) constitui-se principalmente de célcio e
fésforo junto com outros componentes como bicarbonato, citrato, magnésio, sédio e
potassio. Os dois primeiros existem basicamente na forma de cristais de hidroxiapatita
[Ca;o(PO,)s(OH),]. Esses cristais encontram-se arrumados em um padrédo organizado
ao longo de fibras de colageno tipo | (STEPNIEWSKI ETAL., 2017).
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Com relacdo aos componentes celulares, existem 4 células constituintes
principais do tecido 6sseo, sendo elas: as células osteogénicas ou osteoprogenitoras,
sendo derivadas do mesénquima, localizam-se na camada interna do periésteo e no
endosteo; osteoblastos, células mononucleadas de formato poliédrico, nucleo ovoéide e
citoplasma basofilico, responsaveis pela sintese da parte organica da matriz, producao
de colageno, formacao de tecido ostedide e inicio da calcificagdo do mesmo; ostedcitos,
sdo o0s proprios osteoblastos, células maduras “aprisionadas” na matriz éssea,
entretanto ndo sdo mais capazes de secretar ativamente componentes da matriz. Estas
células comunicam-se entre si através de prolongamentos citoplasmaticos, mantendo
as atividades celulares diarias do tecido Osseo, tais como trocas de nutrientes e
metabdlitos com o sangue, responsabiliza-se pelo intercambio de ions com a matriz
0ssea e 0 espaco extracelular; e osteoclastos, células gigantes e multinucleadas, com
média de 10 a 15 ndcleos, derivados da fusdo de mondcitos e células progenitoras
hematopoiéticas, responsaveis pela reabsorcdo O&ssea, apresentando em seu
citoplasma leve acidofilia, também liberam enzimas lisossdmicas que degradam os
componentes protético e mineral do tecido, formando depressdes conhecidas de
Howship. (JUNQUEIRA e CARNEIRO, 2017).

Durante o desenvolvimento embrionario a formacédo do tecido 6sseo, também
chamada de ossificacdo ou osteogénese, se da de duas maneiras: ossificacao
intramembranosa e endocondral. A ossificagdo intramembranosa ocorre diretamente
sobre ou no interior de uma membrana de tecido conjuntivo fibroso formado pela
condensacdao de células mesenquimais. A substituicdo direta do mesénquima por tecido
0sseo se resume na ossificacdo intramembranosa (JUNQUEIRA; CARNEIRO, 2017). Ja
a endocondral acontece dentro da cartilagem hialina. As células mesenquimais se
transformam em condroblastos produzindo um “molde” de cartilagem do osso para

posteriormente 0s osteoblastos substituirem essa cartilagem por osso (NETTER., 2014).

3.1.4 REMODELAMENTO E REPARO OSSEO

Embora aparentemente inertes, os 0ssos transformam-se durante toda a vida e
guando lesados sao capazes de se regenerar, fendbmeno que demonstra sua
permanente vitalidade. Essa homeostase € controlada por fatores mecéanicos e
humorais, locais e gerais (KATCHBURIAN e ARANA, 2017). Esse processo, conhecido

como remodelamento 0sseo caracteriza-se pela continua substituicdo do tecido pelo
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gual os osteoclastos “cavam” pequenos tuneis, no tecido ésseo velho e em seguida os
osteoblastos reconstroem com tecido novo (BRUNETTI et al., 2018).

Nos jovens, o desenvolvimento dos 0ssos é maior do que a reabsorcao 0ssea, ja
gue novos sistemas de Havers estdo se desenvolvendo muito mais rapido do que os
mais velhos, que estdo sendo reabsorvidos. Mais tarde, na idade adulta, quando os
discos epifisarios se fecham e o crescimento 6sseo € atingido, o desenvolvimento de
0SS0 novo é equilibrado com a reabsorcao 6ssea (CHOI et al., 2018).

No adulto a formacao e reabsorcdo de tecido 6ésseo permanecem em equilibrio,
ou seja, continuamente o tecido 0sseo se remodela atendendo as forcas aplicadas
sobre ele (VASIKARAN S., 2018).

Nos casos em que a estrutura 0ssea é submetida a uma intensa forca mecanica,
€ formada uma solucdo de continuidade na estrutura mineralizada, a fratura. Esta causa
destruicdo da matriz 6ssea, morte das células, rachaduras no periésteo e no endésteo e
possivel deslocamento das extremidades (HUPP et al., 2015). Imediatamente apés a
lesdo pelo rompimento de vasos sanguineos no local, ocorre a formacéo de um coagulo
e inicia assim a fase aguda do reparo. Este quadro hemorragico desencadeia a
formacdo do hematoma, geralmente nas primeiras oito horas ap6s a lesdo (SIZINIO,
2016).

Com a formacgédo do hematoma interrompe-se o0 suprimento sanguineo causando
morte celular no local. Capilares sanguineos crescem para dentro do coagulo,
mastdcitos, leucocitos e macrofagos migram para dentro da area, formando um tecido
de granulacdo responséavel pela liberacdo de fatores estimulantes do reparo tissular
(HUPP et al.,, 2015). Apdés 48 horas da lesdo, as células osteoprogenitoras se
diferenciam em osteoblastos comecando a produzir tecido ostedide junto ao tecido
0sseo ndo vital, essas células comecam a produzir as trabéculas de tecido 6sseo
esponjoso. Estas se unem as porc¢des vivas e mortas dos fragmentos 6sseos originais,
formando entdo, o denominado calo 0sseo. Finalmente este o0sso de aspecto
trabeculado se remodela formando um osso lamelar duro. Restaura-se a cavidade

medular, o contorno do 0sso e a sua estrutura interna. (NEELAM, 2016).

Os eventos envolvidos na consolidagdo de uma fratura Ossea, de forma
ordenada correspondem ao debridamento, remocdo de remanescentes 0sseos
fragmentados; estabilizacéo; e remodelagem do local fraturado. Esta pode ocorrer de

forma primaria, através de uma fixacéo rigida (os cotos sdo mantidos em posicao pela
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utilizacdo de mini-placas de titanio parafusadas aos mesmos) ou de forma secundaria,

com a utilizacdo de contencéo externa como talas e casquete de gesso (HUPP, 2015).

3.2 LASERTERAPIA

3.2.1 LASER

A palavra Laser significa amplificacdo da luz por emisséo estimulada de radiagdo e
originou-se da abreviagdo de “Light Amplification by Stimulated Emission of Radiation”
Este € constituido através de um meio ou material ativo que pode ser solido, liquido,
gasoso, semissolidos e este “influxo luminoso” é simplesmente uma manifestacdo de
radiacdo eletromagnética em ondas. A geracdo desta dependente da excitacdo dos
elétrons dos elementos constituintes do material ativo. Os elétrons que compdem o0s
atomos ou moléculas do deste meio emitem luz (fétons) por meio de saltos de niveis de
energia quando excitados e de acordo com o meio, sado obtidos diversos comprimentos
de onda na regido do espectro visivel e invisivel (BAGNATO e PAOLITTO, 2014).

Dos materiais mais comumente utilizados como meios ativos na laserterapia, pode-
se citar a mistura gasosa de Hélio e Nebnio (He-Ne), o semicondutor diodo Arseneto de
Galio e Aluminio (Ga-Al-As), ou Aluminio-Galio-indio-Fésforo (Al-Ga-In-P). Essas
misturas gasosas, quando expostas a elétrons excitados, produzem radiacdo na faixa
entre 630 nm e 950 nm (PANDEY et al., 2016).

O laser adquire entdo, trés caracteristicas principais: monocromatico (apresenta
uma cor correspondente a um Unico comprimento de onda do espectro eletromagnético),
colimado (a luz caminha na mesma direcao, favorecendo a transmissdo de uma grande
guantidade de energia a um alvo) e coerente (todos os raios do laser apresentam
coeréncia temporal e espacial) (BAGNATO; PAOLITTO, 2014).

3.2.2 LASER NOS SISTEMAS BIOLOGICOS

No ano de 1965, Sinclair e Knoll criaram um equipamento de laser com efeito
fotobioestimulante e adaptaram essa radiagdo a prética terapéutica em tecidos vivos
(MESTER et al., 1985). Desta forma, a implementacao de diferentes tipos de lasers em
procedimentos na area da saude possibilitou mudancas importantes nas intervencoes
meédicas e odontoldgicas. Tais mudancas abrangem reducédo no tempo de cirurgia e no
tempo de recuperagdo dos pacientes, reducdo das complicacbes poOs-operatorias,
edemas, maior controle das dores cronicas e facilitagdo da biomodulag&o na cicatrizacédo
de tecidos (COTLER et al., 2015).
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Os lasers séo classificados em alta poténcia e baixa poténcia. O laser de alta
poténcia ou cirdrgico (Hight Intensity Laser Treatment — HILT) tem efeitos de ablacéo
sendo indicado para procedimentos cirlrgicos como cortes, coagulagdo e cauterizacao.
O laser de baixa intensidade ou de baixa poténcia (Low-level Laser Therapy — LLLT) é
utilizado para fins terapéuticos e bioestimulantes, agindo principalmente como acelerador
de processos cicatriciais (CAVALCANTI et al., 2011). A indicacdo dos tipos de laser é
caracterizada pelos diferentes comprimentos de onda (determinantes da profundidade de
penetragéo) e pela poténcia. Os lasers de baixa intensidade operam na faixa de 50 a 300
mW e por isso ndo produzem aguecimento nos tecidos vivos superior a 1°C.

Os efeitos terapéuticos do laser de baixa intensidade séo atribuidos a capacidade
da luz, nos comprimentos de onda principalmente vermelho ou infravermelho proximo, de
modificar o metabolismo celular em consequéncia da absorcao desta por fotorreceptores
existentes nas células (HE et al.,, 2018). Em 1967, o médico hangaro Endre Mester
demonstrou bons resultados terapéuticos com baixas densidades de energia ao publicar
estudo que utilizou o laser de baixa intensidade He-Ne, para cicatrizacdo de feridas
(MESTER, 1967). Caracteristicas como ndo invasividade, baixo custo e eficacia
comprovada na cicatrizacdo de tecidos e no controle de dor parecem favorecer 0 uso
continuo e cada vez mais frequente do laser como recurso terapéutico aos
convencionais (COTLER et al., 2015).

A terapia por laser de baixa intensidade ndo se baseia no aquecimento, pois a
energia dos fotons absorvida ndo é transformada em calor. Entretanto, fundamenta-se
nos efeitos fotoquimicos, fotofisicos e fotobioldgicos nas células e tecidos (PANDEY et
al., 2016). De acordo com Karu (1987), o comprimento de onda, densidade de poténcia
(intensidade), frequéncia de tratamento e, até mesmo, o tipo de lesédo estéo relacionados
com o aumento da atividade celular, bem como a densidade de energia ou dose também
influenciam estas reacoes.

Garcez et al. (2012) acrescentam que a interacdo entre laser e tecido biologico €
dependente do comprimento de onda da luz e das propriedades 6Opticas dos tecidos, pois
certos elementos teciduais como células, mitocondrias e vasos podem provocar
disperséo da luz. Parte do feixe de luz ao incidir sobre os tecidos ird penetra-los e parte
sera refletido. Refracdo, espalhamento e transmissao sdo fendbmenos que podem ocorrer
quando a radiacdo eletromagnética for absorvida. Somente os fotons néo refletidos, néo
absorvidos ou espalhados na mesma direcao do feixe incidente sé&o transmitidos pelos

tecidos.



26

Os mecanismos de acao da luz apos sua absorcao sao classificados em primarios
e secundarios. 0s mecanismos primarios atuam diretamente sobre as moléculas
fotorreceptoras, ocorrem durante a irradiacdo e tém efeitos observados logo apés a
irradiacdo. Apesar de ndo terem sido completamente estabelecidos, uma série de
hipéteses foi proposta para melhor elucidar os mecanismos primarios, como: a geracao
de oxigénio singleto: espécies reativas de oxigénio sdo geradas por meio da absorcéo de
fétons por porfirinas e flavoproteinas (MOSKVIN, 2017); a alteragdo das propriedades do
estado excitado redox da citocromo C oxidase, esta torna-se eletronicamente excitada,
gue altera seu estado e promove aceleracdo de transferéncia de elétrons na cadeia
respiratoria (COTLER et al., 2017); a presenca de 6xido nitrico (NO), a absorcédo da luz
pode reverter a inibicdo da citocromo c oxidase pelo 6xido nitrico e aumentar a taxa
respiratéria (LEE et al.,, 2017); e o aumento da producdo de &anions superoéxidos:
decorrente da ativacao do fluxo de elétrons na cadeia respiratoria (PANDEY et al., 2016).

Com relacdo aos mecanismos secundarios das reacoes fotobioldgicas, estes sdo
responsaveis pela conexdao entre a resposta a acdo da luz pelos fotoaceitadores
localizados na mitocdndria e os mecanismos de sintese de DNA e RNA localizados no
nacleo. Uma complexa cascata de sinalizacdo celular ou transducao e amplificacdo do
sinal fotdnico € ativada e esta associada a mudancas na homeostasia celular, alteracdes
no ATP, modulacdo da sintese de DNA e RNA, mudancas na permeabilidade de
membrana, despolarizacdo da membrana da célula e alcalinizagéo do citoplasma (YIN et
al., 2017). Estes mecanismos dependem de varios parametros como a dose de
irradiacdo, o comprimento  de onda, o0 modo de emisséo (pulsado ou continuo) e a
intensidade da excitacdo. O estado geral redox e o pH da célula também influenciam a
resposta celular a luz (DE BRITO VIEIRA et al., 2017).

ApoOs a irradiagdo, através dos mecanismos secundarios, ocorre o incremento de
ATP mitocondrial promovendo muitos eventos que interferem no metabolismo celular.
Em situacBes patoldgicas, o laser influencia o processo de troca idnica e potencializa o
incremento de ATP. Além disso, alguns estudos mostram que o laser de baixa
intensidade apresenta efeitos mais expressivos sobre 0Orgdos e tecidos em certas
condicdes patolégicas, como, por exemplo, em situagdes de desordem funcional ou de
injaria ao tecido (VAGHARDOOST et al.,, 2018). Células em estado de homeostasia
sofrem pouca ou nenhuma influéncia da fototerapia e, portanto, o efeito da luz nem
sempre pode ser detectado (PINHEIRO, 2009; MEYER et al., 2010).
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3.2.3 LASER NO PROCESSO DE REPARO TECIDUAL

A utilizacdo do laser de baixa intensidade com o objetivo de auxiliar o reparo
tecidual é pesquisada desde 1963 (MESTER, 1967) e diversos estudos foram realizados
evidenciando os efeitos do laser sobre a cicatrizacdo de feridas e alivio de dor
(ANDRADE et al., 2014; TSCHON et al., 2017; ARAGAO-NETO et al., 2017; EBRAHIMI
et al., 2018). A laserterapia de baixa intensidade é eficaz na cicatrizacdo de feridas por
atuar como fotobioestimulador além de modular o processo inflamatério e acelerar o
processo de reparo tecidual (KARMISHOLT et al., 2018) Diversas modificagoes
histolégicas sdo observadas nas feridas tratadas com laser terapéutico, e incluem a
reducdo da quantidade de infiltrado inflamatério, aumento na formacédo de tecido de
granulacdo, aumento na proliferacao fibroblastica e sintese de componentes da matriz
extracelular, especialmente colageno, maior neovascularizacdo e epitelizagdo precoce.
(VAGHARDOOST et al., 2018)

Com relacéo ainda ao processo de cicatrizacdo, de acordo com alguns estudos, a
aplicacao precoce do laser sobre feridas mostrou-se capaz de acelerar o fechamento das
mesmas, com efeitos nas fases inflamatéria e proliferativa. Além disso, o laser estimula
um processo de cicatrizagdo com maior organizacdo das fibras colagenas o que
influencia até mesmo o aspecto estético da cicatriz (ARAGAO-NETO et al., 2017;
KARMISHOLT et al., 2018).

Os parametros de irradiacdo do laser que devem ser fornecidos em qualquer
estudo experimental ou clinico sdo: comprimento de onda em nanémetros (nm), poténcia
do aparelho em miliwatts (mW), densidade de poténcia em mwW/cm? tempo de
tratamento em segundos (s), energia administrada em Joules (J) e a densidade de
energia (dose) em J/cm? para pequenos animais ou pesquisa em cultura de células,
tamanho do ponto de saida do feixe da luz ou area do spot em cm?, energia acumulada
entregue em todas as sessbes em Joules, aplicagdo com ou sem contato com a pele
(distancia em cm), modo de emissao continuo ou pulsado. (GARCEZ et al. 2012)

A poténcia de saida média do equipamento é usada para efetuar o célculo da
densidade de energia a ser administrada no tecido. A poténcia € a quantidade de energia
associada aos fotons que atingem o tecido por unidade de tempo e é expressa em Watts
(W). Ja a densidade de poténcia é definida como a poténcia de saida da luz por unidade
de area, normalmente é dada em mW/cm? e permite avaliar a possibilidade de dano
térmico. Refere-se a quantidade de poténcia éptica por unidade de area na superficie do

tecido, mas nao considera a radiacao absorvida ou espalhada. O céalculo desta grandeza
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fisica € realizado considerando-se a area do spot ou area da secao transversal do feixe.
A densidade de poténcia € inversamente proporcional a area do spot (GARCEZ et al.,
2012).

Densidade de energia ou dose ou ainda fluéncia € a grandeza definida pela
guantidade de energia fornecida em uma determinada area, portanto, estabelece os
efeitos fotobioldgicos de estimulacdo, inibicdo ou ndo manifestacdo dos efeitos
terapéuticos. Esse parametro mistura o conceito de “medicamento” e “dose” em uma
Gnica expressdo e ignora a irradiancia. Usar Joules como expressdo da dose é
potencialmente ndo confiavel, uma vez que pressupde reciprocidade. Na visdo de alguns
pesquisadores a maneira mais segura de prescrever a laserterapia de baixa poténcia é
definir os parametros de irradiacao e posteriormente definir o periodo de irradiacao(6es)
como dose(s) (HUANG et al., 2009).

O tempo € uma variavel importante na obtencdo de bons resultados. Na
laserterapia de baixa intensidade, o estimulo pode ser o tempo de aplicacdo ou a
densidade de poténcia. Portanto, quando a irradiacdo for insuficiente, ndo havera
resposta, mas, quando a irradiacdo alcanca o limite necesséario para provocar a agao
biolégica, a bioestimulacdo ocorre, j4 Irradiacbes muito superiores ao necessario
desencadeariam bioinibicdo (GARCEZ et al., 2012).

3.3 POLISSACARIDEOS
3.3.1 POLICAJU

Os polissacarideos, polimeros hidrofilicos naturais de cadeia longa linear ou
ramificada, constituidos de monossacarideos, sao atoxicos, biocompativeis,
biodegradaveis e de facil solubilizacdo, podendo formar hidrogéis ou cristais liquidos em
solucdo (SOARES et al.,, 2014). O polissacarideo POLICAJU extraido da goma do
cajueiro Anacardium occidentale L., encontrado em paises tropicais, tem apresentado
resultados eficientes no processo de cicatrizacdo de lesbes cutaneas (SCHIRATO et al.,
2006; MOREIRA et al., 2015; SILVA et al., 2016; ARAGAO-NETO et al., 2017; SOUZA-
FILHO et al., 2018) (Figura 4).

Figura 4. Cajueiro (Anacardium occidentale L.)
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Fonte: ARAUJO, 2010.

O policaju é um polissacarideo acido complexo (arabinogalactana éacida) com
massa molecular de 1,6 x 105 Da, composto por uma cadeia principal formada por
unidades de D-Galp unidas por liga¢des glicosidicas B - (1—3) substituidos em O-6,
tendo como residuos terminais a arabinose, raminose, acido glucurbnico, &cido 4-
Ometilglucurdnico, xilose, glicose e manose (DE PAULA E RODRIGUES, 1995;
MENESTRINA et al., 1998). Este polissacarideo tem sido relatado como potencial
constituinte de filmes e espessantes (CARNEIRO-DA-CUNHA et al., 2009; SOUZA et al.,
2010; MOREIRA et al.,, 2015; SILVA et al.,, 2016), além disso, outros estudos
confirmaram a atividade antidiarreica (ARAUJO et al. 2015), gastroprotetora
(CARVALHO et al., 2015), anti-inflamatéria (SOUZA-FILHO et al., 2018) e cicatrizante
(SCHIRATO et al., 2006; MOREIRA et al., 2015; SILVA et al., 2016; ARAGAO-NETO et
al., 2017; SOUZA-FILHO et al., 2018). O facil acesso a este material de baixo custo, ndo
toxico, hidrofilico, biocompativel e biodegradavel, o qual ainda apresenta interessante
atividade biolégica e boas propriedades reoldgicas sdo fatores que fazem com que seja
viavel o seu uso como matriz para imobilizacéo e distribuicdo de drogas (SOARES et al.,
2014).

3.3.2 QUITOSANA

A quitosana, polissacarideo derivado da quitina, obtida por desacetilagdo da
mesma, seja por via alcalina ou enzimatica, pode ser também encontrada naturalmente
em alguns fungos (MUZZARELLI et al., 2012; 2013), tem sido investigada pela
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comunidade cientifica em aplicacbes biomédicas e terapéuticas, por possuir
propriedades curativas (ARAGAO-NETO et al., 2017; RANIBAR E YUSEF, 2018), bem
como atividade antimicrobiana (ARAIN et al., 2013; ALEANIZY et al., 2018). (Figura 5)

Figura 5. Desacetilacdo da quitina para a quitosana. (A) — alcalina e (B) —

enzimatica.
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Fonte: TIANHONG et al., 2011.

Com relacédo as atividades bioldgicas, a quitosana provoca inibicdo do crescimento
de micro-organismos, uma vez que em contato com os fluidos fisiol6gicos, seus grupos
aminicos sao protonados e ligam-se aos micro-organismos, resultando na aglutinacéo
das células microbianas e inibicdo do seu crescimento, estando este mecanismo
intimamente relacionado as suas propriedades fisico-quimicas e as caracteristicas da
membrana do micro-organismo, (SIMONCIC e TOMSIC, 2010).

3.4 HIDROGEIS

Os hidrogéis sdo definidos como uma rede polimérica tridimensional capaz de
absorver grande quantidade de agua ou fluido biol6gico. Quimicamente sdo baseados
em polimeros hidrofilicos intercruzados para prevenir a sua dissolugdo em &gua,
podendo assim ser utilizados para conservar células, nutrientes, drogas ou proteinas. Em
um ambiente aquoso, os grupos hidrofilicos da rede polimérica sdo hidratados causando

inchaco e gerando a estrutura em "rede" e a forma do hidrogel. Esse termo implica no
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intercruzamento quimico ou fisico entre os grupamentos ativos dos polimeros em
composicdo. Além disso, os hidrogéis podem ser formulados em uma variedade de
formas fisicas, incluindo filmes e revestimentos comestiveis, sendo micro ou
nanoparticulados (WHITE et al., 2016; IKAI et al., 2017).

Reologicamente, as solucdes aquosas de polimeros hidrofilicos em concentracfes
baixas ou moderadas normalmente apresentam um comportamento newtoniano. Por
outro lado, uma vez que ligagBes cruzadas entre as diferentes cadeias de polimeros sao
introduzidas, as "redes" assim obtidas mostram um comportamento visco-elastico e, por
vezes, um comportamento puramente elastico (XU et al., 2017).

Em geral, os hidrogéis sdo biocompativeis, sendo a biocompatibilidade promovida
pelo seu alto teor de agua e as semelhancas fisico-quimicas que possuem com a matriz
extracelular nativa de tecidos organicos, tanto em composi¢do, quanto mecanicamente
(GEEVER et al., 2008).

A biodegradabilidade da matriz polimérica pode ser projetada através de vias
enzimaticas, além de vias hidrolitica ou ambiental como por exemplo, pH, temperatura ou
campo elétrico, no entanto, a degradacdo nem sempre € desejavel, dependendo do
tempo de liberacéo e local de entrega da biomolécula (TAURIN et al., 2017).

Devido a sua capacidade de absor¢cdo de agua, os hidrogéis possuem ampla
aplicacdo em diferentes areas biotecnolégicas, como por exemplo, sédo utilizados como
materiais para lentes de contato; separacdo de biomoléculas ou células; matrizes para a
imobilizacdo de células; como dispositivos para a liberacdo controlada de compostos
bioativos (MIRONIHARPAZ et al., 2012); em préticas clinicas da medicina experimental
para a engenharia e regeneracao de tecidos (ZHU e MARCHANT, 2011)

A natureza elastica dos hidrogéis hidratados inchados permite minimizar a irritacdo
dos tecidos circundantes apds implantacdo. A baixa tensao interfacial entre a superficie
do hidrogel e do fluido corporal minimiza a adsor¢édo de proteina e adeséo celular, o que
reduz as chances de uma reacdo imunoldgica negativa. Além disso, os hidrogéis
possuem varias caracteristicas que os tornam excelentes veiculos de entrega de drogas
(HUYNH et al., 2018).

Além das capacidades supracitadas, os hidrogéis séo relativamente deformaveis e
desta forma podem se adaptar a superficie a qual sdo aplicados. Neste ultimo contexto,
as propriedades de muco ou bioadesividade de alguns hidrogéis podem ser vantajosas
para imobilizad-los no local da aplicagdo, mesmo que a superficie topica ndo seja
horizontal (TAURIN et al., 2017).
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Com relacdo as potencialidades de modalidades terapéuticas combinadas
envolvendo hidrogéis, Aragdo-Neto (2017) e colaboradores realizaram uma avaliacédo
guali-quantitativa do reparo tecidual in vivo, utilizando Ratos Wistar. O objetivo foi avaliar
a possibilidade de uma reacéo sinérgica envolvendo um hidrogel confeccionado a partir
dos polissacarideos policaju (goma do cajueiro Anacardium Occidentale) e a quitosana
(obtida da desacetilacdo da quitina) com a laserterapia de baixa intensidade (LLLT) no
espectro do vermelho (660 nm). Os resultados obtidos indicaram um processo cicatricial
significante com relacdo a regressdo / cicatrizagdo de lesbGes cirurgicamente
confeccionadas na regido dorsal, estas foram tratadas utilizando o hidrogel associado ou
nado a LLLT. Esse estudo indicou a pertinéncia da aplicacdo de terapias envolvendo

modalidades distintas para acelerar o reparo tecidual.



RESULTADOS
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We have evaluated the effect of POLI-CHI hydrogel based on policaju (POLI) from cashew tree (Anacardium
occidentale L.) gum and chitosan (CHI), associated or not with Low level laser therapy (LLLT), in wound
healing. Sixty male Wistar rats were assigned into four groups: POLI-CHI hydrogel (H); LLLT (L); POLI-CHI
with LLLT (HL) and saline control (C). Macroscopic evaluations were carried out using clinical observations
and area measurements, as well as microscopic analysis by histological criteria. H and HL presented more
esthetical scar tissue and larger wound contraction compared to C. Histopathological analyzes showed:
stronger presence of fibrin-leukocyte crust in L and HL at day 3; stronger collagen presence in H, L and
HL; weak presence of focal necrosis at 7 and 14 days in H; weak neutrophilic exudate in H, L and HL;
regression of the vascular neoformation at 7 days in H, and modulation of the same in L and HL. These
results demonstrated that POLI-CHI contributed to more efficient healing process and modulation of the
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inflammation; furthermore, the combined use with LLLT subtle potentiated this process.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Skin wounds heal in four stages: hemostatic, inflammatory, pro-
liferative and remodelative [1]. Polysaccharides have been used in
wound healing. Policaju obtained from cashew tree (Anacardium
occidentale L.) gum has showed potential application in wound
healing [2]. Chitosan, a polysaccharide derived from the chitin by
de-acetylation, also has presented biocompatibility, biodegradabil-
ity, low toxicity, hemostatic, healing properties, and antimicrobial
activity [3,4]. Both polysaccharides can form hydrogels or crystals
in solutions [5].

Hydrogels are three-dimensional polymer nets capable of
absorbing large amounts of water or biological fluid, being used
to preserve cells, nutrients, drugs or proteins, and also represent
a drug delivery system class [6]. Due to its physicochemical sim-
ilarities with the extracellular matrix the hydrogels are generally
biocompatible [7]. The combination of policaju (POLI) and chitosan
(CHI) termed POLI-CHI has been previously characterized by our
lab [8]. Evaluating hydrogels using different proportions the most

* Corresponding author.
E-mail address: mgcc1954@gmail.com (M.G. Carneiro-da-Cunha).

http://dx.doi.org/10.1016/j.ijbiomac.2016.11.019
0141-8130/© 2016 Elsevier B.V. All rights reserved.

attractive was that composed of POLI:CHI, 1:4. The FT-IR analy-
ses confirmed the existence of physical interactions between the
polysaccharides involved and rheological measurements showed
an increase in complex viscosity with the increase of chitosan con-
tent.

Low level laser therapy (LLLT) acts causing several biological
effects, such as: increasing proliferation and activation of lym-
phocytes, increasing the phagocytosis on macrophages; and the
secretion of growth factors in fibroblasts, enhancing the uptake of
fibrin and collagen through emission of radiation by stimulating
the most external electric field [9].

The combination of laser therapy and sodium alginate/chitosan-
based hydrogel film improved burn healing, apparently by
modulating the epithelisation, blood vessels formation and collag-
enization processes [10].

The aim of this study was to evaluate the healing of skin wounds
induced in Wistar rats treated with the POLI-CHI hydrogel com-
bined or not with LLLT.
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2. Materials and methods
2.1. Materials

Polysaccharide from cashew tree (Anacardium occidentale L.)
gum (POLI), collected from the south coast of Pernambuco, Brazil,
was obtained according to Souza [ 11]. The chitosan (CHI) (deacety-
lation > 75%) was purchased from Sigma-Aldrich Chemical Co. (St.
Louis, MO, USA). All other chemicals were of analytical grade.

2.2. Hydrogel preparation

The POLI-CHI hydrogel was made of policaju (POLI) and chitosan
(CHI) in a ratio of 1:4 according to Soares |8]. Briefly, 50 mL of stock
solutions of 10% (w/v) of policaju and 1% (w/v) of chitosan in 1% lac-
ticacid (v/v) were prepared in advance. In a separated beaker, 15 mL
of chitosan solution plus 200 L of 0.1 M CaCl; was added and kept
under stirring in Ultra-Turrax (IKA, USA) at 7000 rpm for 20 min.
Then, using a 27 G syringe and a flow of 1 mL/min, was added 5mL
of policaju solution. The mixture was left under stirring (7000 rpm)
for 20 min. The pH was adjusted to 5.0 with 1 M NaOH solution and
called pre-gel. The pre-gel solution was distributed in petri dishes
and kept in an oven at 40°C for 16 h for drying and polymeriza-
tion. The thin film obtained was hydrated with distilled water and
termed POLI-CHI hydrogel, which was stored under refrigeration
at4°C.

2.3. Animals and treatment groups

Sixty male Wistar rats (Rattus norvegicus), 90-120day-old,
weighing 250-300 g were anesthetized intraperitoneally with 2%
(w/v)of xylazine hydrochloride and 10% (w/v) ketamine hydrochlo-
ride at 1:1 ratio. A circular surgical wound (@ =0.8 cm) were made
in the skin of the dorsal region of each animal using a biopsy punch
and a scalpel blade No. 15. After surgery the animals were ran-
domly divided into four groups, according to treatment (n=15):
(H) 0.1 mL of POLI-CHI hydrogel; (L) LLLT; (HL) 0.1 mL of POLI-CHI
hydrogel plus LLLT and (C) 0.1 mL of 0.9% (w/v) NaCl as Control. The
irradiation was carried out in a punctually way starting from the
center of the wound at 2 mm from the skin using Therapy XT (DMC
medical, USA). The parameters used were: A=660nm, A=1cm2,
ED=4]/cm2, P=100 mW, F=50 Hz. This treatment was carried out
after surgery and at a 48 h interval until the euthanasia time. All
animal procedures were in accordance with the Colégio Brasileiro
de Experimentacdo Animal (COBEA) and the Animal Ethical Com-
mittee/UFPE No. 23076.050933/2012-10.

2.4. Macroscopic evaluation

The specimens were clinical daily evaluated according to the
presence of the following criteria: edema, hyperemia, presence of
exudate, crust, detachment and epithelialization. Images were gen-
erate using a photographic camera (Alpha 3000K/B - SONY) and a
tripod (Viv-Tr75 - Vivitar). The wound area image was processed
using the Image] software (version 1.45) and the area (pixels) was
applied in the contraction of the wound formula: [(initial area -
area on the day of measurement)/initial area] x 100 = percentage
of contraction on the day of measurement [12].

2.5. Euthanasia and histological processing

Five animals from each group were sacrificed after 3, 7 and
14 days following the surgical procedure using lethal doses of
sodium thiopental (200 mgkg~!). Skin fragments were collected
withawide margin (= 1 cm) from the original lesion and storaged in
10% (v/v) formalin [ 13]. The histological specimens were included

in paraffin and after microtome cut, the sections were stained using
hematoxylin-eosin (HE), for cellular observation, and picrosirius
(PS) for collagen fibers.

2.6. Light microscopic evaluation

The microscopy slides were analyzed according to presence
and intensity (absent, weak, moderate, and strongly present) of
the following histological findings: Fibrin-leukocyte crust, Colla-
gen, Focal necrosis, Fibrin deposits, Neutrophilic exudates, Edema,
Eosinophilic exudates, Mononuclear infiltrate, Macrophage infil-
trate, Granuloma, Neovascularization, Fibroblast proliferation and
Fibrosis.

2.7. Statistical analysis

The statistical evaluation was carried out using the analysis of
variance (ANOVA) method and Bonferroni's multiple comparison
test. The statistical significance was 5% (p <0.05) and the software
used for data entry and processing was the Graphpad Prism for
Windows, version 5.0 from Graphpad Software, Inc.

3. Results and discussion
3.1. Macroscopic evaluation

The clinical findings are shown in Fig. 1. Edema, Hyperemia, Exu-
dateand Crust are present from day 1 to 3 after surgery in all groups,
although was found a thicker Crust without Exudate in L and HL
groups in comparison to other ones. From day 4 to 6, all groups
still present Crust being Edema and Hyperemia absents. At day 6,
the HL group started to lose its crust (Detatchment). From day 7
to 9, all groups presented a similar pattern with Crust, Detachment
and Reepithelization. From day 10 to 12 presented Detachment and
Reepithelization, and from day 13 to 14, just reepithelization.

These results demonstrated that in all experimental groups the
scar tissue after the surgical procedure was much reduced com-
pared to control, wich was more evident at day 14. They are in
accordance with Moravvaej [14] and Avci [ 15] studying the reduc-
tion of hypertrophic scars in human patients under LLLT. In this
study H group presented the same pattern than HL group, which
may suggest a hydrogel benefit. This advantage has been reported
in rosacea skin disease treatment by sulfated anionic polysaccha-
ride [18].

In this study soon after the surgical procedures, the animals of L
and HL groups started to feed and drink, while in other groups it was
only after 12 h. This indicates that the LLLT may act as an analgesic
factor corroboranting the findings of Pozza [16]. According to Soon
& Acton [17] animals subjected to stress and pain had a poor wound
healing process.

The wound contraction expressed in percentage is displayed in
Fig. 2. Atday 3, the H group presented statistically higher arithmeti-
cal mean (56.21 +4.31) followed by HL (48.86 + 11.53), compared
to control (28.57 4 14.59), being H also significant in comparison to
L(33.68 +7.43).

Observing day 7, H (84.22+3.51),L (69.99+9.52) and HL
(84.46 +4.42) were statistically significant in comparison to control
(39.83+£14.58). At 14days after surgery there was not signifi-
cance in comparison to control (H: 94.15+ 1.17; HL: 96.13 + 1.46; L:
94.97 +1.63; C: 84.09 +3.86). The experimental groups presented
a similar trend for repair. These findings corroborate with studies
with chitosan [19,20], policaju [2,21] and LLLT [15,22] as healing
agents.
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Post-Op

Day 3

Day 7 Day 14

Fig. 1. Macroscopic aspects of the induced lesions by the time of evaluation, using for treatment: (C) Control 0.1 M NacCl, (H) POLI-CHI, (L) LLLT, (HL) POLI-CHI + LLLT.

1504

% Wound contraction

E3 Control (C)

EZ3 POLI-CHI Hydrogel (H)
[DLLLT (L)

E= POLI-CHI Hydrogel + LLLT (HL)

Fig. 2. Wound contraction percentage by time. Comparison of the Arithmetical Mean (AM) and Standard deviation (SD) between experimental groups and control using
the method of analysis of variance (ANOVA) and Bonferroni's multiple comparisons test. There was found statistical significance between group H and C (a) at day 3 and 7;
between group HL and C (b) at day 3 and 7, between H and L at day 3 (c) and between Land C at day 7 (d) (p<0.05).

3.2. Microscopic evaluation

The main objective of this analysis was to delineate a histological
overview of the specimens and to compare the different findings
in a temporal way (Fig. 3). The fibrin-leukocyte crust is responsible
for keeping the wound environment humid and protected. At day
3, crust was stronger in L and HL groups in comparison to H and
C groups, but at the 7th day happened an inversion, presenting
the HL group with a weak presence. This may suggest, as occurred
in the clinical evaluation, an early detachment of the crust from
the borders, being so a hint of acceleration of the wound healing
process. At the 14th day, there was not fibrin-leukocyte crustin any

evaluated specimens. This early detachment for LLLT was found by
Pinheiro [22].

The Collagen presence was similar in all groups at day 3, and
moderately present at day 7 in all treated groups (H, L and HL),
diverging from C group that keep unaltered. At day 14 all groups
presented strong collagen presence. The data suggested early col-
lagen formation in all treated groups, which may imply a benefit of
the repair process. Another aspect that emerged was the thickening
of collagen arrangement in experimental groups in comparison to
C group. This may be due to an increase in collagen fiber maturation
aided by the healing agents [23,24].

Evaluating focal necrosis, at the day 3, the HL group presented
a minor amount (weak) in comparison to H, L and C (moderate).
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Day 3

Fig. 3. Light microscopy of stained specimens (Picrosirius PS) by group and time, where: ANE Dermal Annexes; BOR Mature Border; COL Collagen Fibers; CRU Fibrin

Leukocyte Crust; GRA Granulation tissue.

At day 7 the H group does not present any sign of focal necrosis
differing from L, HL and C groups (weak). This regression pattern
in H group may suggest an improvement in the healing process.
The necrotic loci phagocytosis may be increased by the POLI-CHI
hydrogel. On the other hand, LLLT may reduce the phagocytosis,
once the focal necrosis persisted in the new formed matrix. This
finding goes against the study of Neves [25] working with necrosis
areas in rat's skin flaps.

All groups presented Macrophage infiltrated in a weak form at
day 3, being the H group lightly superior (weak to moderate). At
the 7th day, H and HL groups presented in an almost absent way,
and in C group no presence was found. The macrophage presence
is fundamental to the repair process degrading and removing com-
ponents of damaged connective tissue, such as collagen, elastin,
and proteoglycans. They also secrete chemotactic factors that
attract other inflammatory cells to the site of wound and produce
prostaglandins, which act as potent vasodilators, affecting the per-
meability of micro vessels [26].

Edema was moderately found in HL group; weak in H, L and C
groups at day 3 and almost absent in H and HL and weak to moder-
ate in C groups at day 7. At the 14th day it was completely absent
in H, L and HL and still weakly present in C. This may indicate an
elongating of the wound repairing process in C, which may suggest
a modulation of inflammatory process, as indicated by Sezer [27]
concerning a chitosan hydrogel, and Lima [28] regarding LLLT.

Evaluating Neovascularization, at day 3, was found minimal
variation between H, HL and C groups, highlighting the L that
showed moderately present. At the 7th day, occurred a major varia-
tion in C group that showed it strongly present, while in H group the
presence was moderated, and in L and HL was found in a weak form.
It may suggest that the vasculature regression after the inflamma-
tory stage was stimulated in treated groups, which may be the
contributive factor for the tissue maturation, emphasizing the H
group, once it presented improvement in the neovascular forma-

tion in the early stage and regression at the proliferative stage,
suggesting a modulatory effect.

Concerning hydrogel used, the proportion of POLI:CHI, 1:4 was
selected based in a previous study [8] in order to avoid the insta-
bility of the matrix caused by increasing of POLI concentration,
reducing its elasticity and potentiating viscosity.

Finnaly, the light microscopic evaluation at the 14th day showed
cure of wound in all groups but it is important to highligh that the
contraction presented in H group was the important factor for the
validation of the POLI-CHI hydrogel healing properties.

4. Conclusions

The results showed that the POLI-CHI hydrogel contributed for
a most effective wound healing and modulation of the inflamma-
tory process. The combined use of POLI-CHI hydrogel with LLLT
showed better wound contraction, larger collagen presence, minor
focal necrosis and early epithelization
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Abstract

We have evaluated the effect of POLI-CHI hydrogel based on policaju (POLI) from cashew
tree (Anacardium occidentale L.) gum and chitosan (CHI), associated or not with Low level
laser therapy (LLLT), in calvarium critical size defects. Thirty-six male Wistar rats were
assigned into three groups: POLI-CHI hydrogel (H); POLI-CHI with LLLT (HL) and saline
control (C). They were subjected to euthanasia at 15, 30 and 45 days after surgery. The
specimens were subjected to radiographic evaluations (to obtain radiodensity) and
histological (qualitative and quantitative) to obtain a bone modulation profile of the
proposed treatments. In the matter of radiographic evaluation, there was not significance
between subgroups, although, in the defect’s regression using histology measures was
found that HL was significant to C at 15 and 45 days, and H to C at 45 days (p < 0.05).
Also, was found a strong presence of bone and vascular new formation in H and HL.
Observing collected data, it's possible to conclude that that POLI-CHI presented is self as
a valuable material to use for stimuli and modulation of bone repair, probably by increasing
the collagen deposition and increasing the local vase presence, essential to a correct

repair of mineralized tissue.
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Introduction

Autogenous bone graft is a commonly used method to repair bone defects, but it is
criticized for its donor site morbidity and the volume that is harvested is limited [1]. In this
context, allograft bone is also often used in clinic as a substitute, although also faces risks
of recipient rejection and disease transmission [2]. To avoid the disadvantages of tissue-
based bone graft, synthetic biocompatible scaffolds and other materials have been applied
in tissue engineering for bone regeneration, such as laponite bioceramics [3],
Hydroxyapatite [4], borosilicate bioactive glass [5], collagen sponge [6], and
polysaccharide hydrogels [7].

Hydrogels are based on hydrophilic polymers that, when cross-linked, do not
dissolve. In an aqueous environment, the hydrophilic groups of the polymer chains are
hydrated generating a “network” structure. The term network involves chemical or physical
crosslinkage between the active groups of the polymer [8]. Due to its physicochemical
similarities with the extracellular matrix, hydrogels are generally biocompatible [9]. The
combination of polysaccharides as policaju (POLI) and chitosan (CHI) termed POLI-CHI
has been previously characterized and studied by our lab [8,10], evaluating hydrogels
using different proportions, being the most usable that composed of POLI:CHI, 1:4. The
FT-IR analyses confirmed the existence of physical interactions between the
polysaccharides involved and rheological measurements showed an increase in complex
viscosity with the increase of chitosan content.

In recent years, the use hydrogels as bone healing or repairing agents is increasing,
in Nafee [11] a chitosan based one was evaluated for its capacity to alendronate delivery,
had both biodegradability and biocompatibility and presented site-specific, time-controlled
and intra-articular delivery properties. Following the same premise, a hydroxyphenyl
propionic acid hydrogel was tested aided by a delivering bioactive calcium accumulating
peptide. The study was promisor, creating an environment that enhanced bone repair [12].
Regarding an intra-articular evaluation, Rieger [13] accessed a hydrogel of Chitosan and
hyaluronic acid on subchondral bone during osteoarthritis in a rabbit model, enhancing
microarchitectural parameters and leading to mineral density changes, and to subchondral
bone loss.

Among non-chirurgical treatments, can be highlighted the Low Level Laser Therapy

(LLLT) which acts causing several biological effects, such as: increasing proliferation and
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activation of lymphocytes, increasing the phagocytosis on macrophages; and the secretion
of growth factors in fibroblasts, enhancing the uptake of fibrin and collagen through
emission of radiation by stimulating the most external electric field [14]. Previous in vitro
and in vivo researches have also examined potential of LLLT to accelerate bone healing
after a trauma or defect. The expression profile of both angio-genic and inflammatory
genes seems to be modulated by the laser therapy [15]. LLLT also appears to stimulate
osteoblast proliferation, collagen deposition, and early bone maturation, leading to bone
neoformation [16].

Concerning conjugated treatments for bone repair, Oliveira [6] evaluated a collagen
sponge scaffold implantation associated with LLLT on repairing critical sized bone defects,
obtaining a synergic effect. The used hydrogel in this study, the POLI-CHI hydrogel was
previously analyzed in vivo regarding its potential to aid the heal of skin wounds
associated or not with LLLT with significant results [10], so the aim of this paper was to

access the application in calvarium critical-sized defects in Wistar rats.

Material and method

Materials

Polysaccharide from cashew tree (Anacardium occidentale L.) gum (POLI), collected from
the south coast of Pernambuco, Brazil, was obtained according to Souza [17]. The
chitosan (CHI) (deacetylation > 75%) was purchased from Sigma—Aldrich Chemical Co.

(St.Louis, MO, USA). All other chemicals were of analytical grade.

Hydrogel preparation

The POLI-CHI hydrogel was made of policaju (POLI) and chitosan(CHI) in a ratio of 1:4
according to Soares [8]. Briefly, 50 mL of stock solutions of 10% (w/v) of policaju and 1%
(w/v) of chitosan in 1% lac-tic acid (v/v) were prepared in advance. In a separated beaker,
15 mL of chitosan solution plus 200 L of 0.1 M CaCl? was added and kept under stirring in
Ultra-Turrax (IKA, USA) at 7000 rpm for 20 min. Then using a 27 G syringe and a flow of 1
mL/min, was added 5 mL of policaju solution. The mixture was left under stirring (7000
rpm) for 20 min. The pH was adjusted to 5.0 with 1 M NaOH solution and called pre-gel.
The pre-gel solution was distributed in petri dishes and kept in an oven at 40-C for 16 h for
drying and polymerization. The thin film obtained was hydrated with distilled water and

termed POLI-CHI hydrogel, which was stored under refrigeration at 4-C.
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Animals and treatment groups

Thirty-six male rats of the Wistar strain (Rattus norvegicus) [90-120 day-old, weighing 250-
300 g] were submitted to experimental surgical procedures, being anesthetized
intraperitoneally with 2 % (w/v) of xylazine hydrochloride and 10 % (w/v) ketamine
hydrochloride at 1:1 ratio. The antisepsis of cranial region was made using 1 % (w/v)
povidone-iodine and 0.9 % (w/v) NaCl sterile solutions. A full thickness circular parietal
bone defect (@ = 0.5 cm) was made in calvarium region of each animal using a drill
according to the critical defect methodology developed by Bosch [18]. The tissue divulsion
previously to the lesion was performed using a blade 15 and Metzenbaum and Iris
scissors. After the surgery they were randomly divided into three groups (n = 12)
according to the treatment: (C) Control, 0.1 ml of 0.9% (w/v) NaCl; (H) POLI-CHI hydrogel
and (HL) POLI-CHI hydrogel and LLLT irradiation. After the surgical procedures they were
placed in isolated cages. The light-dark cycle was of 12 h, beginning the brightly one at 6 h
am. The environment temperature was set at 23 + 1 °C and the water and food (ration)
was ad libitum. All animal procedures were in accordance with the Colégio Brasileiro de
Experimentacdo Animal (COBEA) and the Animal Ethical Committee of the Universidade
Federal de Pernambuco approved the experimental protocol no n. 23076.024154/2015-1.
The groups H and HL received an application of 0.1 ml of hydrogel in the defect area, and
laser irradiation if it applies, and the group C received saline solution. In the matter of the
laser irradiation, the animals that were subjected to LLLT (group HL) were irradiated in a
punctually way starting from the center of the defect with Therapy XT (DMC medical,
USA). The irradiation was carried out after surgery and at a 48 h during the first two
weeks. The irradiation parameters used were: A =830 nm, A=1cm2; ED =4 J/lcm2, P =
100 mW, F = 50 Hz, delivering a total of 16 J. [19].

Macroscopic and behavioral evaluation

After the surgical procedures until 15 days, animals were clinical evaluated daily according
to the presence of the following criteria: Edema, Hyperemia, Exudate, Crust, Detachment
and Reepithelialization in the suture area. Were also evaluated the start of the feeding and

drink process and was collected every atypical behavior.

Radiographic evaluating
The specimens were subjected to perpendicular incidence radiographies (70 KVp, 10mA e

0.3 s — Dabi Atlante, Ribeirdo Preto, SP, Brazil) and the generated files were analyzed
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using the ImageJ software ver 1.51 (National Institute of Health, USA), being the defect
area selected and identified mean (+ standard deviation) of the radiological density ranging
from O (Black) to 255 (white).

Euthanasia and histological processing

Four animals from each group were sacrificed after 15, 30 and 45 days after the surgical
procedure. They were subjected to lethal doses of sodium tiopental (200 mg.Kg™), and
bone fragments are collected with a wide margin (complete calvarium) and kept in 10 %
(v/v) formalin. The histological specimens were subjected to formic acid at 5 % for
decalcification and included in paraffin and after microtome cut at the center of defect, the
sections were stained using hematoxylin-eosine (HE), for cellular and bone observation,
and picrosirius (PS) for collagen fibers.

Histological evaluating

The microscopy slides were analyzed according to presence and intensity (absent, weak,
moderate, and strongly present) of the following histological findings: Neovascularization,
New bone formation and Collagen. The slides were digitally processed using Dino-Eye
Microscope Eye — Model AM4023X(R4) (ANMO - Taiwan), and the Image-Pro PLUS
software ver 6.0 software (Media Cybernetics — USA). The distance between the defect
borders was measured (pixels) and was applied in the regression of the wound formula:
[(initial distance — distance on the day of measurement)/ initial distance x 100], obtaining

the percentage of regression on the day of measurement [10].

Statistical analysis

The statistical evaluation was carried out using the analysis of variance (ANOVA) method
and Bonferroni’s multiple comparison test. The statistical significance was 5 % (p < 0.05)
and the software used for data entry and processing was the Graphpad Prism for
Windows, version 5.0 from Graphpad Software, Inc.

Results and Discussion

Macroscopic and behavioral evaluation

After the completion of the calvarium bone defect and suture procedures (Fig. 1), animals
were diary evaluated regarding its behavior and the closed wound healing process.

Edema, Hyperemia, Exudate and Crust are present from day 1 to 3 after surgery in all
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groups, although was found a thicker Crust without Exudate in H and HL groups in
comparison to C. From day 4 to 7, all groups still present Crust being Edema and
Hyperemia absents. At day 8, the H and HL groups started to lose its crust (Detatchment).
From day 9 to 12, all groups presented a similar pattern with Detachment. From day 12 to
15 there was not visible Crust left. The early Detachment of wounds is found in others
studies that evaluated LLLT [10, 19]. The repilation of the sutured area was also observed
initiating from day 5 in HL subgroup and from day 7 in C. This goes in accordance with
other studies that evaluated the LLLT regarding hair and fur grow [20,21]. Concerning
reepithelization, once the skin lesion was subjected to primary closure (suture) it was not

evidently observed.

Fig 1. Bone defect. A - A full thickness circular parietal bone defect (& = 0.5 cm) was

made in the calvarium region of each specimen. B- Suture of periosteum and skin.

In the matter of animal behavior, specimens from H and HL subgroups started to feed and
drink few hours after surgery and in C it occurs only after 14h. Some LLLT studies has
demonstrated a trend for analgesic and anti-inflammatory properties [22,23], as well as
chitosan regarding anti-inflammatory and antioxidant [24,25], and POLI-CAJU [26]. This
way, is plausible to infer an effect on pain modulation. The result was also observed in an
early study that evaluated the same hydrogel conducted by this group [10] and according
to Soon& Acton [27] animals subjected to stress and pain had a poor healing process.

One aspect of used methodology was the option for separated control specimens. In
original methodology used by Bosch [18], authors preconized the use of pariate specimens
(containing experiment and control in the same animal, using different surgical defects).
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This choice was due to the possibility of the control defect contamination once hydrogel
had the possibility to dislocate from its original site. So, maintaining one defect for animal
avoids this possibility. Concerning the chosen animal model, according to Spicer [28] it
offers a reliably, reproducible and analogs to clinical condition method that allows for
evaluation of biomaterial and bone tissue engineering approaches within a non-load-
bearing orthotopic site. In our study, any other area or bone used may present a more
prevalent variation in results, primarily caused by trauma (biting or licking) of the sutured

site.

Radiographic evaluation

Evaluating radiodensity pre euthanasia, where obtained the following: at day 15, H group
presented the higher arithmetical mean (23.273 + 0.972) followed by HL (22.012 £ 0.995)
and C (21,400 = 2,163); at day 30, was perceived a higher radiodensity in HL group
(27.944 £ 1.565), followed closely by H (27.681 + 2.269) and then C (26.034 + 3.239); and
at day 45, H presented again a higher mean (30.366 + 1.990), followed by HL (30.252 +
0.795) and C (29.303 + 3.023). There was not found significance between subgroups (p <
0.05) (Fig. 2).
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Fig 2. Radiodensity evaluation by time. Comparison of the radiodensity mean and
between experimental groups and control. There was not significance between subgroups
(p <0.05).

The radiographic evaluation offers a potential to access the new formed bone and its

density without animal euthanasia, yet its only suggest, being necessary other methods to
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correct infers a trustful result. In our study the radiographic evaluation did not present
significant results regarding experimental subgroups in comparison to control, although it
indicate a trend to gradual increase of radiodensity. In a study carried out by Spin-Neto
[29] using a similar calvaria model, they found significant results regarding low molecular
weight chitosan and high molecular weight in comparison to control at 15 days, although
did not present significant results at 60 days, being this way inconclusive using
radiodensity measures, being this method dependent of completion by other evaluative

methods, such as histological data.

Histological evaluation
The main objective of this analysis was to delineate a histological overview of the
specimens and to compare the different findings in a temporal way as well as evaluate the

defect’s diameter reduction comparing the experimental subgroups with control (Fig. 3).
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The neovascularization process post bone trauma is a primary requirement to obtain a
quality bone repair. In our study, at day 15, in HL and H it was strongly present and in C
moderate. At 30 days, it was moderate to weak in every subgroup and at 45 weak (Fig
4A). This decrease of neovascularization is caused by maturation and consequently
vascular regression. Some LLLT studies indicate a positive effect regarding new vessel
formation [30,31] and vascular endothelial growing factor — VEGF [32] which corroborate
our findings regarding HL subgroup. Also, concerning chitosan use, a study that evaluated
calcitonin gene-related peptide (CGRP)/chitosan-strontium cement identified a significantly

upregulated expression of VEGF gene [33].

Figure 4. Histological evaluation. A — Neovascularization — orange arrows (HE, 40x, H at
15 days), B — New bone formation — blue arrow (HE, 40x, HL at 15 days), C — Collagen
fibers — yellow arrows (HE, 40x, C at 30 days).

In the matter of New bone formation (Fig 4B), HL group presented it strongly present at all
evaluated times, followed by H presenting strongly to moderate, primarily around the
defect borders, and C presented it moderately. LLLT was evaluated, aided or not by other
products, for bone formation in several studies [16,19,33,34,35], this way aiming to reduce
the use of live specimens our study did not selected a LLLT solo subgroup. Our evaluation
intended to compare a possible synergic effect of different modality treatments. A study
investigated the effect of chitosan (Ch) porous 3D scaffolds embedded with resolvin D1
(RvD1), an endogenous pro-resolving lipid mediator, obtaining significant results in vivo
bone healing [36], other research conducted by Spin-neto [29] obtained poor results,
although the selected model was set at 8 mm diameter critical defect, which according to
Bosch [18] cannot be closed without a osteoconductive material, such as bioceramic. In

the matter of POLICAJU use, there was not found studies that evaluated the
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polyssacharide regarding bone repair. A single research evaluating bone maintenance

was identified, indicating a trend for bone or antiinflammation modulation effect [26].

The deposition of collagen fibers is indispensable to a correct and effective tissue healing.
The arrange of collagen fibers in the early stages of bone formation is responsible to guide
the later calcification process. In this matter, at 15 days, all subgroups presented it
strongly. At 30 days, strongly to moderate, and at 45 days moderate at C and moderate to
weak to H and HL, indicating a path to bone formation (Fig. 4C). These findings go against
the study of Bolukbasi [37] which evaluated in vitro the potential to osteoblast and
formation and collagen deposition after LLLT. In our studies was found a similar pattern
between subgroups, although neovascular formation previously described is responsible
for the viability of bone tissue, avoiding this way a fibrous or cartilaginous formation repair.

Regarding defect's diameter reduction in percentage, at day 15, HL group presented
higher arithmetical mean (41,197 + 1.369) followed by H (34.783 + 0.750) and C (30.219 +
0,802), being HL significant to C. At day 30, H presented a superior value (30.043 +
0,805), followed by C (27.295 + 1.225) and HL (26.984 + 2.930). At day 45, HL group
presented higher mean (55.714 + 7.161), followed by H (48.711 + 4.131) and C (40.010 +
2.811), being H and HL significant to C (p < 0.05) (Fig. 5).
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Figure 5. Diameter reduction expressed in percentage. HL subgroup was significant to C
at 15 and 45 days (a) and H was significant to C at 45 days (b). (p < 0.05)
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The experimental groups presented a similar trend for bone formation, highlighting the HL
subgroup. These findings corroborate with studies with LLLT [34,35], chitosan [38,29] and
policaju [26] as bone modulation agents, and yet may be suppose a combining effect of
the LLLT and POLI-CHI based on the results. The question regarding subgroups at 30
days, and its poor results may be due to several factors, including bone formation around
the borders and not within defect, this way avoiding the closure, and situational questions
related to specimens, such as stress and others. Other factor that demands further
discussion is the difference between radiographic and histologic evaluation. The
radiographic evaluation indicated a trend for density and is obtained by the media of the
selected area, do not differentiating the presence of bone spiculae or delicate structures.
The border bone formation probably was responsible for similar results regarding
subgroups.

Conclusions
The results showed that the POLI-CHI hydrogel contributed for bone formation and the
combined use of POLI-CHI hydrogel with LLLT showed yet better results in

neovascularization and the possibility for defect’s closure.
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5. CONCLUSOES

Os resultados obtidos permitem concluir que:

Artigo |

O tratamento utilizando o hidrogel POLI-CHI contribuiu para a cicatrizacdo bem
como na modulacdo do processo inflamatario.

Os animais apresentaram cicatrizes mais estéticas, maior regressao da area da
lesdo, maior formacdo de colageno, menor presenca de necrose focal, menor
presenca de exudato neutrofilico, menor presenca de edema, e regressdao da
neoformacé&o vascular.

O tratamento utilizando o Hidrogel POLI-CHI associado a LLLT atuou
potencializando o reparo desencadeado pelo hidrogel, bem como induzindo um
maior conforto poés-operatério com sinalizagdo de atividade analgésica e
aceleracéo dos estagios cicatriciais.

Tendo em vista o que foi exposto, o Hidrogel POLI-CHI acrescido ou ndo da LLLT
atuou de forma a estimular a cicatrizacdo, e havendo a possibilidade do tratamento

combinado, este deve ser indicado por atuar de forma sinérgica.

Artigo Il

N&o foi identificada reacao de corpo estranho ou processo inflamatoério crénico com
a implantacao do biomaterial;

O hidrogel POLI-CHI contribuiu para a neo-formacdo 6ssea em regido de calvaria
submetida a confeccédo de defeito critico;

O uso combinado do POLI-CHI associado a LTBI melhorou o processo, ampliando
o potencial para neo-formacdo vascular e a possibilidade para um possivel

fechamento do defeito.

E finalmente, o POLI-CHI se apresenta como um promissor biomaterial para ser

utilizado tanto como adjuvante nos processos de cicatrizacdo cutdnea como um material

com potencial para uso no preenchimento de defeitos 0sseos.
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glycoproteins, proteoglycans, lignins, biological poly-acids, and nucleic acids. These findings must
be new and novel rather than a repeat of earlier or analogous published work. The scope includes
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to focus primarily on at least one named biological macromolecule. This naming should appear in
the title, the abstract and the text of the paper.

Examples of papers which are not appropriate for International Journal of Biological Macromolecules
include:

papers where the biological macromolecule has not been characterized by modern analytical
techniques (including molecular weight) rather than historical methods. e.g. colorimetric assays.
papers which focus on biological, physiological and pharmacological aspects of hon-macromolecules
attached to, or mixed with, biological macromolecules. papers on the materials science of
biocomposites where there is no mention of any specific biological macromolecule. papers where the
structure or role of the biological macromolecule is not the major proportion of the study. routine
studies of extraction of macromolecules without purification and characterization of the extracted
molecule. applications of macromolecules where the structure of the macromolecule is completely
unknown. Papers where the molecular weight of the biological molecule is less than five thousand.
Paper which are majorly about clinical studies and animal trials, where a biological macromolecule
is not the biologically active agent, and/or the biological macromolecule is not the major focus of
the study.

Please follow the Guide For Authors instructions carefully to ensure that the review and publication
of your paper is as swift and efficient as possible. These notes may be copied freely.

All contributions are read by two or more referees to ensure both accuracy and relevance, and
revisions to the script may thus be required. On acceptance, contributions are subject to editorial
amendment to suit house style.

When a manuscript is returned for revision prior to final acceptance, the revised version must be
submitted as soon as possible after the author's receipt of the referee's reports. Revised manuscripts
returned after four months will be considered as new submissions subject to full re-review.

Contributions falling into the following categories will be considered for publication:

Regular Papers e Original high-quality research papers (preferably no more than 20 double-line-
spaced manuscript pages, including tables and illustrations)

Review Papers ¢ Authors interested in writing review articles for the International Journal of Biological
Macromolecules should contact the appropriate Editor-in-Chief before submitting their contribution.
Review articles are typically contributions focusing on one topic within the scope of the journal. Review
articles are meant to survey a particular topic of interest and present a position on current and future
directions of research for the community.

Artiéles should be submitted to
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=IJBIOMAC. For
queries, please refer to our support page at service.elsevier.com.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.
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Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

o All figures (include relevant captions)

o All tables (including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

» All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.
BEFORE YOU BEGIN
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans; Uniform Requirements for manuscripts submitted to
Biomedical journals. Authors should include a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights of human subjects must
always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors must disclose any interests in two places: 1. A
summary declaration of interest statement in the title page file (if double-blind) or the manuscript file
(if single-blind). If there are no interests to declare then please state this: 'Declarations of interest:
none'. This summary statement will be ultimately published if the article is accepted. 2. Detailed
disclosures as part of a separate Declaration of Interest form, which forms part of the journal's official
records. It is important for potential interests to be declared in both places and that the information
matches. More information.
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Results submitted for publication should refer to their previous findings in the same way as they would
refer to results from a different group. This applies not only to figures or tables, or parts of them,
but has to be understood in a wider sense.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic preprint,
see 'Multiple, redundant or concurrent publication' section of our ethics policy for more information),
that it is not under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried out,
and that, if accepted, it will not be published elsewhere in the same form, in English or in any
other language, including electronically without the written consent of the copyright-holder. To verify
originality, your article may be checked by the originality detection service Crossref Similarity Check.

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Each author should have participated sufficiently in the work to justify authorship. This participation
must include: (a) critically important intellectual contribution to the conception, design, and/or
analysis and interpretation; (b) drafting the manuscript or critically reading it; and (c) thorough
reading and final approval of the version to be published. Participation solely in the collection of
data or provision of funds, space or equipment does not justify authorship. All authors take public
responsibility for the paper as a whole, i.e., conception and design, data, analysis, and interpretation.
The acknowledgement section should list (a) other contributors for whom authorship is not justified,
e.g. technical help; (b) financial and material support.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.
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For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

e No open access publication fee payable by authors.

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
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articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
and copies of the consents or evidence that such consents have been obtained must be provided to
Elsevier on request. For more information, please review the Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written permission from the
patient (or, where applicable, the next of kin), the personal details of any patient included in any
part of the article and in any supplementary materials (including all illustrations and videos) must
be removed before submission.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Authors are required to submit with their articles, the names, complete affiliations (spelled out),
country and contact details (including current and valid (preferably business) e-mail address) of six
potential reviewers. Email addresses and reviewer names will be checked for validity. Please ensure
that the e-mail addresses are current. Reviewers who do not have an institutional e-mail address will
only be considered if their affiliations are given and can be verified. When compiling this list of potential
reviewers please consider the following important criteria: they must be knowledgeable about the
manuscript subject area; must not be from your own institution; at least two of the suggested
reviewers must be from another country than the authors'; and they should not have recent (less
than four years) joint publications with any of the authors. However, the final choice of reviewers is
at the editors' discretion.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
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superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

You should arrange your contribution in the following order:

1. The paper title should be short, specific and informative. All author's names and affiliations should
be clearly indicated. Please also indicate which author will deal with correspondence and supply full
postal address, telephone and fax numbers, and e-mail address.

2. Self contained abstract of approximately 200 words, outlining in a single paragraph the aims, scope
and conclusions of the paper.

. Three keywords, for indexing purposes;

. The text suitably divided under headings.

. Acknowledgments (if any).

. References (double spaced, and following the journal style).

. Appendices (if any).

. Tables (each on a separate sheet).

. Captions to illustrations (grouped on a separate sheet or sheets).

10. Illustrations, each on a separate sheet containing no text, and clearly labelled with the journal
title, author's name and illustration number.

LoNOULThA~W

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
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Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]l;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Figures (to be uploaded as separate file(s), see below) and tables should be numbered in Arabic
numerals. In the text they should be referred to as Fig. 1, Table 2, e.g. 3 etc. (not as fig. 1, figure 1;
tab. 2, table 2). A calibration bar should be given on all micrographs.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;
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e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]3]. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
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Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
Xxwj98nb39r.1.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.
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Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.
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The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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ANEXO B — Termo de aceite do Comité de Etica no Uso de Animais - CEUA

Universidade Federal de Pernambuco
Centro de Ciéncias Biolégicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife — PE - Brasil
fones: (55 81) 2126 8840 | 2126 8351

\\ fax: (55 81) 2126 8350
www.ccb.ufpe.br
Recife, 10 de setembro de 2015

Oficio n° 85/15

Da Comiss&o de Etica no Uso de Animais (CEUA) da UFPE
Para: Prof.2 Maria das Gragas Carneiro da Cunha
Departamento de Bioquimica

Universidade Federal de Pernambuco

Processo n°® 23076.024154/2015-01

Os membros da Comiss&o de Etica no Uso de Animais do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado “Avaliagcdo do potencial para reparo ésseo de efeitos
criticos confeccionados na calvaria de ratos wistar com a utilizacdo de hidrogel
de polissacarideos associados a hidroxiapatita”,

Concluimos que os procedimentos descritos para a utilizacdo experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentacdo Animal e com as normas internacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quais sdo
adotadas como critérios de avaliagdo e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, que trata da questdo do uso de animais para fins
cientificos e didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a
serem realizados.

Origem dos animais: Biotério do Departamento de

Nutricdo; Animal Rato heterogénico; Linhagem; Wistar; Atenciosamente,

idade; 90-120 dias; peso; 250-300g; N° total de animais

a ser utilizado; 216 ) / //*
ivu?t'lﬂ' b‘ cibi;zzl

4446rof, Or, Pedro V. Carell
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