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RESUMO

O processo de cicatrizacdo dos diabéticos é alterado e, muitas vezes,
ineficiente levando a complica¢Bes pos-cirdrgicas importantes, como retardo no
reparo, deiscéncia e infeccdo. A laserterapia € uma ferramenta promissora para
auxiliar o fechamento destas feridas, porém a falta de padronizacdo da
dosimetria, regimes de entrega de energia e falta de entendimento dos seus
mecanismos celulares e moleculares de acédo limitam a disseminagdo do seu
uso. Estudos apontam que a modulacdo de macréfagos e outras células
inflamatorias em determinadas fases do reparo tecidual induzem a maior
eficacia nesse processo. O objetivo deste trabalho foi comparar dois regimes
diferentes de entrega de luz laser analisando o influxo de neutrofilos, linfécitos
T, fibroblastos e polarizacdo de macréfagos. Foram utilizadas 90 fémeas
Wistar, com massa corpérea entre 140 e 250 g com diabetes induzido por
injecdo intraperitoneal de estreptozotocina (50 mg/kg) e com lesbes dorsais
feitas com punch cirdrgico. Foram divididas em Grupo Controle (GC - sem
tratamento), Grupo Dose Unica (GDU — 1 aplicagdo de 4 J/cm?) e Grupo Dose
Fracionada (GDF — 4 aplicacfes de 1 J/cm2em 1, 3, 8 e 10 dias) e submetidos
a laserterapia com 660 nm e 30 mW. Apls o tratamento, as lesGes foram
removidas e acondicionadas em solugcdo tamponada de formol 10% e
processadas rotineiramente para emblocamento em parafina, coloracéo
histolégica com hematoxilina e eosina, marcacdo imunohistoquimica para
linfécitos T, macréfagos totais, macréfagos M2, neutréfilos e miofibroblastos. As
laminas foram fotografadas, quantificadas e submetidas aos testes estatisticos
apropriados. A aplicacao do laser em ambos grupos acelerou o fechamento da
ferida em 40% nos trés primeiros dias. O grupo dose Unica apresentou maior
namero de neutrofilos no primeiro dia, os macréfagos totais no dia 3 e
macréfagos M2 no dia 8. A contagem de linfocitos T foi semelhante em todos
0S grupos no durante todo o experimento. Comparados aos controle, 0s grupos
tratados com laser apresentaram um maior niumero de miofibroblastos no dia

15 e maior organizacao do colageno no dia 22. Os resultados demonstram que
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a fotobiomodulacdo pode alterar a composi¢do do infiltrado inflamatoério nas
feridas em diabéticos, especialmente com uma Unica aplicacdo de 4 J/cm?
indicando que a laserterapia no periodo pés-operatério imediato pode melhorar

0 processo de reparacao tecidual em um modelo de diabetes.

Palavras-chave: cicatrizacdo, diabetes mellitus, terapia a laser, macrofagos



ABSTRACT

The healing process of diabetic individuals is altered and is often ineficiente,
leading to significant post-surgical complications such as delayed repair,
dehiscence and infection. Laser therapy is a promising tool to assist the closure
of these wounds, but the lack of standardization of dosimetry, of the power
delivery systems and a lack of understanding of the cellular and molecular
mechanisms of action limit the spread of its use. Studies indicate that
modulation of macrophages and other inflammatory cells in certain stages of
tissue repair induce more effective healing of the injury. The aim of this study
was to compare two different regimes of application laser analyzing the influx of
neutrophils, T Iymphocytes, fibroblasts and total macrophages and M2
macrophages. 90 female Wistar rats were used, with body weight between 140
g and 250 g with diabetes induced by intraperitoneal injection of streptozotocin
(50mg/kg) and back injuries made with surgical punch. The animals were
divided into control group (CG - no treatment), Single Dose Group (SDG - 1
Application 4 J/lcm?) and Fractionated Dose Group (GDF - 4 applications of 1
Jicm2 at 1, 3, 8 and 10 days and undergoing laser therapy with 660 nm and 30
mW. After treatment, the lesions were removed and placed in buffered formalin
10% solution and routinely processed for paraffin inclusion, and then histologic
staining with hematoxylin & eosin, immunohistochemical staining for T
lymphocytes, total macrophages, M2 macrophages, neutrophils and
myofibroblasts. The samples were photographed, the cells quantified, and
subjected to appropriate statistical tests. The laser application in both groups
accelerated the wound closure in 40% during the first 3 days. SDG presented a
higher number of neutrophils in the first day, more macrophages on Day 3,
more M2 macrophages on Day 8. The T lymphocyte count was similar in all
groups during the experimental. Compared to controls, the laser treated groups
presented more myofibroblasts on Day 15 and more collagen organization on

Day 22. The results showed that photobiomodulation can alter the inflammatory



infiltrate composition of the diabetic wounds, especcially with a single dose

application of the 4 J/cmz.

Key words: healing, diabetes mellitus, laser therapy, macrophage
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1. CONTEXTUALIZACAO

1.1 Diabetes mellitus

O diabetes mellitus (DM) € um grupo de desordens metabdlicas que
tém em comum a hiperglicemia. Essa pode resultar de defeitos na secrecao
da insulina, na ag¢do da insulina ou, mais comumente, em ambos. A
classificagdo atual do DM baseia-se na sua etiologia e inclui quatro classes
clinicas: DM tipo 1 (DM1), DM tipo 2 (DM2), outros tipos de DM e DM
gestacional. O DM1 ocorre quando o diabetes se estabelece pela destruicdo
autoimune das células beta pancreéticas. O diabetes é classificado como
DM2 no caso da hiperglicemia ser resultante de uma combinagéo entre a
resisténcia periférica a acdo da insulina e uma resposta secretoria

inadequada das células beta pancreéticas. 12

Sao 380 milhdes de diabéticos no mundo e, seguindo essa tendéncia,
podera chegar a 592 milhdes até 2035 ou 1 em cada 10 adultos. No Brasil, o
namero é aproximadamente de 12 milhdes de pessoas, uma média de 7% da

populacdo podendo chegar a 25% na faixa etaria acima de 65 anos. 3

O diabetes gera alteragbes micro e macrovasculares e dentre elas,
deficiéncia no reparo tecidual, o que pode resultar em infec¢des, deiscéncias,
feridas crénicas, amputacdes e em morte de 5% dos diabéticos por feridas
infectadas. Essa condicdo € preocupante uma vez que cerca de 50% dos
pacientes diabéticos tém chance de necessitar de alguma cirurgia (por
exemplo: transplantes, cesareas, cirurgias toracicas, bariatricas) ao longo da

vida.#56
1.2 Reparo tecidual e principais células efetoras

As fases do reparo sdo didaticamente divididas em trés etapas que se

sobrepdem: inflamatoria, proliferativa e remodelamento. Muitos eventos
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biologicos estdo envolvidos nesses processos, tais como coagulacdo do
sangue, inflamacao, formacao de tecido de granulacdo, contragédo da ferida e

remodelacdo tecidual.’

7

A fase inflamatoria é caracterizada pelas alteragbes vasculares
(vasodilatacdo e aumento da permeabilidade) e exsudativas. Dentre as células
gue migram do interior do vaso para os tecidos, os neutrofilos sdo os primeiros
leucdcitos a serem recrutados para o local de inflamacéo e sdo capazes de
eliminar os patégenos atraves de diferentes mecanismos. A vida média de um
neutrofilo € de oito a doze horas em camundongos e pode chegar a varios dias
em humanos, mas durante a inflamacéao, eles sédo ativados e aumentam sua
longevidade consideravelmente, o que garante sua presenca em atividades
mais complexas, como contribuicdo para a resolucdo da inflamacdo ou a
resposta imune adaptativa. Possuem papel crucial nas fases iniciais do
processo inflamatério, sendo bastante responsivos a agentes quimiotaxicos
como: produtos de clivagem de fracbes do complemento (C3a e Cbha) e
substancias liberadas por mastécitos e basoéfilos.®

Em condic¢des de normalidade, os neutréfilos entram em apoptose horas
apos sua diapedese, sendo que a falha no mecanismo pode levar doencas
inflamatérias e imunolégicas. *

Durante o processo de reparo normal, essas células sofrem apoptose e
sdo reconhecidos e ingeridos por macréfagos. Na medida em que diminui o
namero de neutréfilos, aumenta o numero de linfécitos T e macrofagos, que se
tornam os tipos celulares predominantes no infiltrado inflamatério.*

Os linfocitos sé@o leucécitos uniformes na aparéncia, mas variados em
funcdo e incluem os linfécitos T com funcdo reguladora, linfocitos B
responsaveis pelo efeito de memdéria imunoldgica e producdo de anticorpos e
linfécitos natural killer (NK), responsaveis também pela destruicdo de células
infectadas por virus e células tumorais.

Sao ativadas apoOs a interacdo de moléculas co-estimulatérias e a

identificacdo do antigeno apresentado pelas células apresentadoras de
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antigenos (APC), via complexo principal de histocompatibilidade (MHC) classe |
(que apresenta antigenos de patégenos intracelulares) e Il (que apresenta
antigenos de patdgenos extracelulares), as células da imunidade adaptativa
tornam-se aptas a reconhecer uma multiplicidade de moléculas diversas e ao
mesmo tempo, “lembrar-se” de um encontro anterior com mesmo patégeno.?®

Os linfocitos T respondem pela imunidade celular, reconhecem os
antigenos de microrganismos intracelulares, destruindo-os ou destruindo as
células infectadas. Elas ndo produzem anticorpos, apresentam especificidade
restrita para antigenos, ou seja, atacam diretamente os invasores estranhos.
Apesar de também se originarem na medula 6ssea, amadurecem no timo, onde
passam a apresentar em sua membrana celular, receptores denominados
receptores de células T, também especificos para um Gnico antigeno. 30 31

As células T incluem as células T efetoras, que se dividem em células T
auxiliares/helper (Th), células T citotdxicas/citoliticas (Tc), as células T
supressoras e as células T de memoria. 32

Ainda na fase inflamatéria do reparo, os mondcitos derivados do sangue,
ao adentrar no tecido se diferenciam em macrofagos. O macréfago ativado € a
principal célula efetora do processo de reparo tecidual, degradando e
removendo componentes do tecido conjuntivo danificado, secreta fatores
quimiotaticos e a permeabilidade dos microvasos.%°

Os macrofagos sdo células cruciais na regulacdo do reparo, com
diferentes funcdes em cada fase do mesmo. Em experimentos realizados por
Lucas et al. (2010)*°, foi verificado que se a deplecdo de macréfagos ocorrer na
fase inflamatéria (quatro dias apds a lesdo), ocorre uma grave alteracdo no
processo de reparacao, com reducdo no tecido de granulacéo, epitelizacao e
na deposicao de colageno. Caso a diminuicdo de macrofagos ocorra na fase
proliferativa (8 a 14 dias ap0s a leséo), ha uma associacdo com hemorragia na
ferida, aumento da apoptose de células endoteliais e o colapso dos vasos

sanguineos recém-formados.
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Macréfagos sdo classicamente ativados como M1 em resposta ao
interferon gama (IFN-y) e aos lipopolissacarideos de membrana bacteriana
(LPS) ou em tipo M2 ap6s estimulo com IL-4 e IL-13. Os macrofagos M1
possuem acdo microbicida e nas funcdes de defesa pela liberacdo de
citotoxicos por altas concentracdes de citocinas pro-inflamatérias (TNFa, IL-1b,
IL-6 e IL-12) e espécies reativas de oxigénio (ROS).2%: 21

A resposta inflamatéria inicial € mediada por macréfagos M1, que
produzem grandes quantidades de espécies reativas de oxigénio (ROS) e
citocinas pro-inflamatorias. A fase de cura esta relacionada com macréfagos
M2, que tém uma maior capacidade fagocitica produzindo principalmente
citocinas anti-inflamatorias e séo caracterizados pelo aumento da expressao do
receptor de manose de CD206.56

Ao contrario do M1, os macrofagos M2 produzem citocinas anti-
inflamatérias (IL-10), fatores de crescimento (TGF-bl, VEGF e PDGF), matriz
extracelular e expressam marcadores associados a reparacao tecidual.?223.24

A classificacdo da ativacdo foi expandida para incluir novos fenétipos de
M2, como M2a/b/c. O fendtipo M2a € pela exposicéo a IL-4 ou IL-13, que agem
através do receptor comum IL-4R para aumentar a expressao de CD206,
arginase e TGF-B.%°

O fendtipo M2b é produzido pela exposicdo a uma combinacdo de
complexos imunes como IgG e LPS, que aumenta a producdo de IL-10 e
diminui a producéo de IL-12, com potentes propriedades anti-inflamatérias. 2
27

Exposicao de IL-10 ou glicocorticoides produz o fenétipo M2c, que da
mesma forma é caracterizado pela elevacao de IL-10 e baixa producao de IL-
12 bem como aumento expressdao do receptor de CD163. O fendtipo de
macrofagos também pode ser alterado por fagocitose de corpos apoptoticos ou
células necroéticas.?®

Em paralelo a ativacdo de macrofagos M2, os fibroblastos também

secretam fatores quimiotaticos de células progenitoras endoteliais e promovem
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a neoangiogénese. Novos vasos, miofibroblastos e macréfagos constroem o
tecido de granulagdo com uma liberacédo adicional de fatores de crescimento
que estimulam a proliferacdo de queratindcitos e reepitelizacédo.?°

A fase de proliferacdo é a responsavel pelo fechamento da leséo
propriamente dito. Compreende: a reepitelizacdo que tem inicio horas apos a
lesdo, com a movimentacdo das células epiteliais oriundas tanto da margem
como de apéndices epidérmicos localizados no centro da leséo; a fibroplasia e
angiogénese, compondo o tecido de granulacdo responsavel pela ocupacao do
tecido lesionado cerca de quatro dias apés a leséo.!*

Os fibroblastos produzem a nova matriz extracelular necessaria ao
crescimento celular enquanto 0s novos vasos sanguineos carreiam oxigénio e
nutrientes necessarios ao metabolismo celular local. A fibroplasia é um
mecanismo que envolve a proliferacdo de fibroblastos e sua migracdo para o
interior da ferida por estimulo de fatores de crescimento como o fator de
crescimento derivado das plaquetas (PDGF), fator basico de crescimento de
fibroblasto (FGF) e fator de crescimento transformante beta (TGF-B) a qual,
semelhantes as células epiteliais, migram para a ferida valendo-se das
alteracbes morfolégicas que possibilitam a expansdo de segmentos da
membrana plasmatica.'11?

A angiogénese € uma etapa fundamental do processo de cicatrizacao,
onde novos vasos sanguineos sao formados a partir de vasos pré-existentes e
participam da formacdo do tecido de granulacdo provisério e suprem de
nutrientes e de oxigénio o tecido em crescimento. De forma diferencial, a
vasculogénese refere-se aos primeiros estadios do desenvolvimento vascular,
durante o qual as células precursoras do endotélio vascular sofrem
diferenciacdo, expansédo e juncao para formar a rede de tdbulos primitivos do
organismo.1!

Varios fatores de crescimento e citocinas parecem estar envolvidos com
a angiogénese como o FGF (fator de crescimento de fibroblastos), fator de

crescimento epidérmico (EGF), fator de crescimento transformante alfa (TGFa),
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PDGF (fator de crescimento de plaquetas), TGF-B, fator de crescimento
endotelial vascular (VEGF), dentre outros.12 13,14

A fase de remodelacdo é uma tentativa de retorno a estrutura tecidual
normal onde h& equilibrio entre a formacgéo do coldgeno novo e degradacao do
colageno velho através da acdo das colagenases, ha o desaparecimento dos
macrofagos junto com a reducdo da angiogénese e proliferacdo dos
fibroblastos e sua conversdo em miofibroblastos. Ocorre a remodelagéo da
matriz extracelular pelas metaloproteinases que incluem colagenases
intersticiais, colagenase tipo IV e gelatinases tendo como principais citocinas
envolvidas a interleucina 1 (IL-1), TNFa (fator de crescimento transformante
alfa), TGFB, PDGF produzidas pelos fibroblastos e EGF e TGFB produzidas
pelas células epiteliais.'®

No primeiro més, ha uma proporcionalidade entre a resisténcia ténsil e a

quantidade e qualidade do colageno no ferimento.’

1.3 Reparo tecidual e diabetes

O DM tem sido associado clinicamente e experimentalmente a um
processo cicatricial mais demorado. Uma das explicacdes para esse fato é a
disfuncédo dos leucécitos polimorfonucleares, macrofagos e fibroblastos, com
uma fase inflamatdria prolongada, decréscimo na biossintese de colageno e
glicosaminoglicanas, resultando no retardo da formagdo do tecido de
granulacdo. As falhas mais importantes do reparo ocorrem em estagios iniciais
de cicatrizacdo, levando a diminuicdo dos elementos celulares e alteracdes na
sintese de colageno.*

Nas feridas cronicas associadas com o DM, uma subpopulacdo de
macréfagos exibe caracteristicas de M1 persistentes nas fases finais de
cicatrizacdo de feridas. Esse fato esta associado com prejuizo da formacéao de
tecido de granulacdo, angiogénese, deposi¢cdo de colageno e cicatrizagdo por

causa dos niveis menores de citocinas anti-inflamatorias (por exemplo: IL-10) e
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fatores de crescimento (fator de crescimento semelhante a insulina [IGF]-1,
TGF-B1 e VEGF).#?

Também foi descrita a incapacidade de macrofagos para alternar para a
ativacdo de M2 e promover a reparacao de tecido é atribuida a sua fagocitose

deficiente para as células apoptéticas no microambiente do diabético.*?

1.4 Fotobiomodulacdo com laser em baixa intensidade na ferida

A fototerapia € a aplicacdo de luz em aspecto geral no intervalo de 1 mW
- 500 mW para promover a regeneragdo dos tecidos, reduzir a inflamacgéo e
aliviar a dor. A luz é tipicamente de largura espectral na faixa do vermelho
visivel ao infravermelho proximo (600 nm - 1000 nm), com uma densidade de
poténcia (irradiancia) entre 1 mW-500 mW/cm?2.44

Os efeitos iniciais da luz ocorrem nas mitocondrias, levando a maior
producdo de ATP, modulacédo de espécies reativas de oxigénio e inducao de
fatores de transcricdo. Estes efeitos, por sua vez, modulam a proliferacao
celular e migracéo (particularmente por fibroblastos), modulacdo dos niveis de
citocinas, fatores de crescimento e mediadores inflamatorios e aumento da
oxigenacdo dos tecidos.*

Os lasers terapéuticos apresentam uma série de indicagfes, podendo
ser usados isoladamente ou como coadjuvante de outros tratamentos, sempre
gue se necessite de efeito biolégico local, uma vez que, dentre as suas
fungbes, modulam as células do sistema imune, estimulam a microcirculagéo,
ativam a liberagcdo de endorfinas e estimulam também a proliferacdo e a
migracdo celulares, desempenhando acdo analgésica, anti-inflamatéria e
bioestimulante ou cicatrizante.*546

A fotobiomodulagéo promovida pelo laser em baixa intensidade tem sido
empregada de maneira bastante eficaz, no p6s-operatério de feridas cirirgicas
e no tratamento de lesdes ulceradas, resultando em uma reparacédo tecidual
mais rapida e com padrdo de qualidade morfolégica superior.*” Em uma meta-

andlise publicada por FULOP et al., (2009)#, cujo objetivo era avaliar o efeito
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da fototerapia no reparo tecidual, foi observado que a fototerapia foi
considerada auxiliar do reparo de lesdes.

No DM, observou-se que a fotobiomodulagdo com LBI em fibroblastos
cultivados em meio com alta concentracdo de glicose causa a diminuicao da

apoptose.*®

Nos pacientes diabéticos a laserterapia acelera o fechamento das

Ulceras cronicas, independente dos niveis de glicemia do paciente.*

Estudos realizados por Kajagar et al (2012)*° utilizando 2-4J/cm? e 60
mW verificaram uma maior contracdo nas lesfes de pacientes com pé
diabético onde o LBI atuou significativamente no melhor fechamento das lesdes
comparando-se ao grupo néo tratado (40,24 % vs 11,87 % , p < 0,001 ) ,
indicando que o LBI é uma modalidade eficaz para facilitar a contracdo de
feridas em e pode ser utilizada como um adjuvante para o0 modo convencional

de tratamento.

Santos et al (2013)% utilizando comprimento de 660nm e 40mwW
observaram diminuicdo na area das lesfes tratadas com LBI entre o oitavo e
décimo quinto dia, comparado com o0 grupo controle sem tratamento.

Alguns estudos demonstraram aceleracdo no fechamento de lesdes
agudas com maturacéo no tecido de granulacdo em menor tempo, organizacao
do coldgeno, aumento na angiogénese além da modulacdo no infiltrado
inflamatério e fibroblastos em grupos irradiados com densidades de poténcia

de 1J/cm? a 9J/cm? e diferentes regimes de entrega conforme Tabela 1.
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Tabela 1 — Avaliacdo da literatura recente comparando dosimetria, fontes de luz e reparo

tecidual
L Modelo
Autor Descri¢éo ) Resultados
experimental
Diodo A= 808 nm e 5 J/cm2 com Punch,
densidades: 0.1 W/cm2, 0.2 W/cm2 e | diabético Cicatrizacéo otimizada
Lau, 2015 52 _ ]
0.3 W/cm? exposicdes de 50 s, 25 s e e aumento colageno
17 s
Diodo (A =660 £ 2 nm; P = 30 mW; 4 | Punch, Aceleracéo no
Santana et al, | J/cm?) em dose Unica e dose diabético fechamento 40% nos 3
2015 53 fracionada irradiando 1 J/cm?nos primeiros dias em
dias 1, 3,8,e 10 relacéo ao controle
Punch, Aumento na
AlGalnP (A=635nm, 5J/cm?, dose o o
= o ) diabético angiogénese nos
Kilik, 2014 54 | diaria) densidades de 1, 5, e ) _
grupos irradiados (5,
15mW/cm?
15mW/cm?)
Diodo A=810 nm, 30 mW, densidade Punch, Aumento de
Danca’kova’, . o . )
2013 55 30mW/cm? por 30s (dose diaria de diabético maturacao de tecido
0.9J/cm?/ferida/dia) de granulagéo
) Incisédo
Ferreira, 2013 | LED (A=945 + 20 nm) 6 J/cm? (30 ]
suturada, Aumento fibroblastos
41 mW, 157s, 4 pontos (total 24 J/cm?) o
diabético
Punch, Aumento de fibras
Carvalho, InGaAIP 100 mW A= 660 nm (4 ) .
diabético coldgenas e
20107 Jicm?) 24 s ]
macréfagos
] Punch, Aumento de colageno
He-Ne com energia de 4J/cm? o ) o
Busnardo, ) normoglicémico | tipo Ill, diminui¢&do do
o aplicado 12 segundos por ponto da o ] ]
Simdes, 2010 ) infiltrado inflamatorio e
ferida no modo continuo, 5 mW,
56 ) resolucéo precoce da
comprimento de onda de 632, 8 nm e _ )
i ) fase inflamatéria das
area de raio do laser de 0,015 cm?. )
feridas
) Laser aplicado em 15 ratos Wistar Punch, A dose de 4J/cm?
Silva et al., o ) ) o
divididos em trés grupos: normoglicémico | diferiu
2010 57

G1(controle), G2 (2 J/cm?) e G3 (4

J/cm?), com comprimento de670nm e

significativamente das

demais quanto ao
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irradiados durante 10 dias

consecutivos sobre lesdo cutanea.

processo de

reepitelizacéo.

Felice et al. Aplicacao de laser AlGalnP (658 nm, | Traumaticas

2009 5 4J/cm?, de forma pontual e em pos AVE e Reducéo da &rea das
varredura sobre Ulceras de decubito e | tetraplegia feridas.
venosas em humanos.

Punch, Maior producéo de
Laser He-Ne sobre feridas cutdneas | diabético tecido de granulacdo
] de ratos diabéticos, com entre 0s animais que

Maiya et al., .

2009 5 comprimento de onda de 632,8 nm e receberam doses
doses de 3-9 J/cm?, durante cinco entre 4-5 J/cm?,
dias/semana até a completa especialmente no
cicatrizagéo. quinto dia de

tratamento.
Laser de He-Ne utilizados em doses | Punch, No 14° dia observou-

Inoe et al. de 3 e 6 J/cm?,45 W de poténcia e normoglicémico | se presenca de tecido

2008 60 comprimento de onda de 632 nm e de granulagdo maduro
grupo controle, para feridas cirurgicas e no 21° dia auséncia
de coelhos higidos. Os animais foram de hemorragia e
avaliados nos 7°, 14° e 21° dias. exsudato
Laser de baixa poténcia com Leséo tipo

Channual et comprimento de onda de 585 nm e janela, Proliferagédo vascular

al., 2008 °1 | 4556 de 7J/cm? sobre feridas normoglicémco | Pérmanente apos o
cutaneas em ratos. quinto dia de aplicacédo

Deiscéncia, A leséo respondeu
Primeira semana duas vezes com normoglicémico | com tecido de
Pinto et al., intervalo de 48 h, nas semanas granulacio,
2007 62 seguintes 1x/semana, de forma diminuic&o do

pontual e sem uso de medicacao

adicional

processo inflamatorio
e analgesia desde a

primeira aplicacao

Rocha Junior
et al., 2006 63

12 animais foram divididos em dois
grupos: experimental e controle. A
ferida foi tratada durante sete dias

com laser de AsGa, pulsatil, dose 3,8

Punch,

normoglicémico

O reparo tecidual foi
significativamente
maior e mais

organizado no grupo
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J/icm2, potencia de 15 mW e tempo

de 15 segundos.

experimental

Induziram a ocorréncia de lesao por
abrasdo em membro superior ndo
dominante em dois grupos de

pessoas saudaveis. Um grupo foi

Abraséo,

normoglicémico

Os grupos tratados
com laser de baixa

poténcia apresentaram

Hopkins et | tratado com dose de 8 J/cm?, reducao
al., 2004 % | comprimento de onda de 820 nm e estatisticamente
tempo de dois minutos. O outro grupo significativa da ferida
foi tratado sob 0os mesmos quando comparados
parametros e tempo de cinco a0 grupo controle para
segundos. E um terceiro grupo ndo 0 6° 8° e10° dias de
foi tratado. tratamento.
Punch, O laser He-Ne é
Laser 904 nm 7 mW e 1 J/cm2, He- diabético superior ao Ga-As
Reddy, 2003 | N€ € infravermelho Ga-As 5 dias trés avaliando-se a forca
vezes por semana tensional da ferida e
guantidade de
coldgeno
Inciséo, Houve melhora da
normoglicémico | cicatrizacdo para
Utilizou laser He-Ne (632.8 nm, modo ambos os
Envemeka, continuo) e laser AsGa (904 nm, comprimentos de onda
2001 65 adotados, embora o

modo continuo) em lesdes cutaneas

de ratos.

Ultimo tenha
apresentado
resultados mais

evidentes

Observa-se que a maioria dos estudos utilizou o laser vermelho que por

possuir uma menor penetracdo tecidual é ideal para tratamentos na pele e

doses de 4 a 6 J/cmz? foram eficazes mesmo com Unica aplicacéo.-
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Tendo como base a necessidade do desenvolvimento de novas terapias
para o tratamento de lesdes cutaneas pds-cirargicas relacionadas ao DM, e
tentando obter-se o melhor resultado com o menor nimero de aplicagbes, o
objetivo deste trabalho é avaliar o mecanismo de acdo da laserterapia em
regimes diferentes de entrega de energia tracando um perfil do infiltrado

inflamatorio e diferenciacédo fenotipica dos macrofagos.
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2. OBJETIVOS
2.1 Objetivo geral

Avaliar se aplicar uma dose de 4J/cm? de laser vermelho em feridas
cutdneas de ratos diabéticos equivale a quatro doses de 1J/cm? em dias

alternados.

2.2 Objetivos especificos
Artigo 1

I- Avaliar macroscopicamente o fechamento das feridas dos animais

diabéticos comparando os dois grupos experimentais;

lI- Analisar o tipo e quantidade do infiltrado inflamatorio, presenca de
tecido de granulacdo e organizacdo do colageno comparando os dois grupos

experimentais;

ll- Quantificar os miofibroblastos entre os grupos.

Artigo 2

IV- Avaliar e quantificar a presenca de neutréfilos durante o reparo

tecidual;

V- Verificar a quantidade de macréfagos totais e M2 nos diferentes dias

experimentais;

VI- Avaliar e quantificar linfocitos T durante o reparo tecidual.
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3. MATERIAL E METODOS
3.1. Animais

Foram utilizadas 90 ratas fémeas da linhagem Wistar (Rattus novergicus
albinus) pesando entre 140 e 250 g, mantidas no biotério da UNINOVE -
unidade Vergueiro. Os animais foram mantidos em caixas plasticas
apropriadas, num maximo de 5 animais por caixa, a temperatura ambiente
(22°C) e luminosidade controlados com ciclo de 12 horas sendo que 0s animais

tiveram comida e agua ad libitum.

Protocolo de aprovacdo no Comité de Etica em Pesquisa Animal (AN
03/2013) (Anexo 1). Um estudo piloto foi conduzido comparando-se as
contagens em animais machos e fémeas e os resultados ndo demonstraram

diferencas significativas.

3.2 Animais e grupos experimentais

Os animais foram divididos em grupos:
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Figura 1: Fluxograma dos procedimentos experimentais diabéticos

90 ratas
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3.3. Inducéo do diabetes

A inducdo do diabetes foi realizada de acordo com o protocolo descrito
por Reddy (2003)%. Os animais ficaram 12 horas em jejum alimentar de
acordo com o protocolo e as recomendagdes da Sociedade Brasileira de
Ciéncia em Animais de Laboratério (SBCAL) e receberam injecao
intraperitoneal da toxina para células beta pancreaticas, estreptozocina (cat
S0130, Sigma-Aldrich, St. Louis, MO, USA) na dose de 50 mg/kg peso
dissolvida em tampdo citrato estéril, pH 6,0. A inducdo ocorreu em média de
sete dias sendo confirmada por exame de glicemia por meio do Accu-Chek
(Boehringer Mannheim Cor. Indianapolis, IN, USA). O monitoramento do nivel
de glicemia foi realizado semanalmente pelo mesmo método. O consumo de

agua e racao foi monitorado diariamente.

3.4. Procedimentos cirurgicos - inducéo da ulcera

As duas ulceras foram realizadas lateralmente em todos os grupos apés
07 dias de inducdo do diabetes. Para a anestesia 0s animais receberam
injegao intraperitoneal de uma mistura de ketamina (Dopalen, Vetbrands,
Jacarei, SP) na dose de 80 mg/kg do animal e de xilazina (Anasedan,
Vetbrands, Jacarei, SP) na dose de 10 mg/kg do animal. Foram utilizadas
seringas da marca BD 100 Unidades com Agulha BD Ultra-Fine®, modelo
insulina com a agulha Ultra-Fine® (regular), comprimento: 12,7 mm, calibre:
0,33 mm e bisel trifacetado.

Depois de anestesiados, o dorso dos animais foi tricotomizado com
maquina elétrica e a finalizacdo com uso de um creme depilatorio a base de
tioglicolato (Veet, Reckitt Benckiser, Sdo Paulo, Brasil). Em seguida, realizada
uma ulcera com punch cirargico de 5 mm (modelo R-806-9-5, Richter, Séo

Paulo, Brasil) até a exposicéo da fascia muscular dorsal.
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Posteriormente aos procedimentos cirdrgicos para a recuperacdo da
anestesia, os animais foram colocados separadamente em gaiolas que foram
expostas a pouca luz, evitando-se a manipulacéo e o estresse do animal. Apés
a recuperacdo da anestesia, nos dois primeiros dias 0s animais receberam
uma injecdo subcutanea de cloridrato de tramadol (5 mg/kg) associado a 50

mg/kg de dipirona, intramuscular a cada 8 horas para o controle da dor.>253

S A

Fig.2 — Aspecto das lesdes dorsais

3.5. Laserterapia

Um laser vermelho (MMOptics, S&o Carlos, SP, Brazil) (A 660 + 2 nm)
com saida de 0,03 cm?, foi acoplado a um sistema éptico composto por uma
lente divergente fixada num suporte e a ponteira era afastada ou aproximada
de modo a obter-se um feixe expandido de 5 mm de diametro que cubrisse as
bordas das feridas, garantindo a irradiacdo de maneira uniforme com 4 J/cm?
de fluéncia. Os animais do grupo dose Unica receberam uma aplicacdo de 4
Jicm? logo apés a realizacdo da lesédo, enquanto o grupo de dose fracionada
receberam 4 aplicacdes de 1 J/cm?nos dias 1, 3, 8 e 10. Para evitar exposicao
dupla, a porcao da ferida ja irradiada foi protegida com uma mascara.
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Esses dias experimentais foram escolhidos porque representam
momentos cruciais do reparo tecidual, sendo os dias 1 e 3 a fase inflamatéria,
os dias 8, 10 e 15 a fase proliferativa.

3.6. Eutanasia

Para a eutanasia, os animais receberam injecdo intraperitoneal duas
horas apos a irradiacdo de uma mistura de ketamina (Dopalen, Vetbrands,
Jacarei, SP) na dose de 320 mg/kg do animal e de xilazina (Anasedan,
Vetbrands, Jacarei, SP) na dose de 40 mg/kg do animal. Foram utilizadas
seringas da marca BD 100 Unidades com Agulha BD Ultra-Fine®, modelo
insulina com a agulha Ultra-Fine® (regular), comprimento: 12,7 mm, calibre:

0,33 mm e bisel trifacetado.

3.7 Anadlise histolégica
Nos dias experimentais (1, 3, 8, 10, 15 e 22), trés animais de cada grupo
sofreram eutanasia em camara de CO2. As peles foram cuidadosamente
removidas, fixadas com formaldeido a 10% tamponado e processadas
rotineiramente para inclusdo em parafina e posterior coloracdo com
hematoxilina e eosina seguindo o roteiro abaixo:
1- Desparafinizacdo em estufa 45°C - 40 min;
2 — Desparafinizagao Xilol I - 10 min;
3 - Desparafinizacao Xilol Il - 10 min;
4 - Hidratac&o Alcool Etilico 100% - 5 min;
5 - Hidratac&o Alcool Etilico 80% - 5 min;
6 - Hidratac&o Alcool Etilico 70% - 5 min;
7 - Lavagem Agua - 7 min;
8 - Coloragdo com Hematoxilina - 3 min;
9 - Lavagem Agua corrente - 3 min;
10- Coloracéo Eosina - 7 min;
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11- Lavagem Agua corrente - 2 min;

12 - Desidratacdo Alcool Etilico 70% - 5 min;

13 - Desidratacdo Alcool Etilico 80% -5 min;
14 - Desidratacdo Alcool Etilico 100% | - 3 min;
15 - Desidratacdo Alcool Etilico 100% Il - 5 min;
16 - Fixagao com Xilol | - 5 min;

17 - Fixacdo com Xilol Il - 10 min.

O reparo foi avaliado por dois avaliadores calibrados, sem conhecimento
prévio dos grupos. Os seguintes parametros foram avaliados de modo
qualitativo: intensidade do infiltrado inflamatério (ausente, discreto, moderado
ou intenso), presenca de tecido de granulacdo e remodelamento do colageno.
Para tal foi utilizado microscépio (NIKON ECLIPSE 50i, Japdo) e os dados

foram submetidos a analise estatistica apropriada.

3.8. Imunohistoquimica

Cortes de tecido com 5 um foram dispensados em laminas silanizadas
(Sigma Chemical Co.; St. Louis, Missouri, EUA) e posteriormente agrupados
em suporte adequado. Em seguida foi realizada a desparanifinizacdo, por meio
da imersdo das laminas em xilol (60 — 65° C), e colocados em estufa
histologica durante 5 minutos e posteriormente passadas em 3 banhos de xilol

frio.

Para hidratacdo dos cortes, as laminas foram colocadas em dois banhos
de é&lcool absoluto, um banho de &lcool 95°ou 80° e um banho de alcool 70°.
Em seguida, lavadas em &gua corrente, agua deionizada e deixadas em
tampéo fosfato salino pH 7,4 (PBS) ou tampé&o tris-base salino pH 7,4 (TBS)
com concentracdo final de 1M. O proximo passo foi a recuperagao dos sitios
antigénicos realizada de acordo com o protocolo de cada anticorpo descrito em

tabela abaixo:
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Tabela 2: Anticorpos, diluicdo e recuperacdo antigénica

Antigeno Anticorpo Diluicdo | Recuperacdo de sitio

Neutrofilo (elastase) Anti-elastase 1:3500 Pepsina, temperatura
(Abcam cat. 68672) ambiente,15 min

Macrofagos totais (M1 | Anti-CD68 1:1000 Tampado citrato, pH 6.0, 100° C,

e M2) (Abcam cat. 31630) 15 min

Macrofagos M2 Anti-CD206 1:250 Tampé&o citrato, pH 6.0, 100° C,
(Abcam cat 64693) 15 min

Linfécitos T Anti-CD3 1:300 Tampao citrato, pH 6.0, 100° C,
(Abcam cat.5690) 15 min

Miofibroblastos Anti- actina alfa de 1:1000 Tampéo citrato, pH 6.0, 100° C,
musculo liso 15 min
(ABCAM, ab5694)

A diluicdo foi otimizada utilizando diluente especifico (Spring Bioscience
Corp — Pleasanton - EUA) que contém em sua férmula albumina sérica bovina
(BSA) e tampéo fosfato, pH 7,4.

Em seguida, foi feito o bloqueio da peroxidase endbégena presente nas
hemécias com 3 banhos 5 min. de agua oxigenada 3% (m/v), apds esta etapa
as laminas foram lavadas em agua corrente, dgua destilada e deixadas em
tampdo salino (PBS/TBS).

A préxima etapa foi a incubacdo do anticorpo primario por 16 horas a
4°C. Todos os anticorpos listados em tabela anexa foram diluidos de maneira
apropriada (Spring Bioscience Corp — Pleasanton -EUA) em solugbes que
contém albumina sérica bovina (BSA) e tampao fosfato, pH 7,4. No dia
seguinte os cortes foram lavados por 2 vezes durante 5 minutos em TBS e
posteriormente incubados com o anticorpo secundario ndo diluido (Histofine —
Nichirei Biosciences Inc., Tokio, Japdo) por 30 minutos em estufa a 37 °C.

Apo6s a marcagao de imunohistoquimica, 5 campos consecutivos da area

da ferida foram fotografados em um aumento de 400 x (Leica Microsystems,
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Wetzlar, Germany) e as imagens digitalizadas das células marcadas foram
contadas por um avaliador calibrado sem conhecimento dos grupos usando o
software ImageJ 1.45 (software livre, NIH, Bethesda, Maryland, USA) usando-

se o plug-in “cell counter”.

4. ANALISE DOS RESULTADOS

O reparo foi avaliado por dois avaliadores calibrados, sem conhecimento
prévio dos grupos nas contagens imunohistoquimicas e submetidas a testes
estatisticos apropriados para avaliacdo da diferenca entre os dois regimes de

entrega da radiacdo, dose Unica e dose fracionada.

O teste de Shapiro-Wilk revelou que as varidveis nao seguiram
distribuicdo Gaussiana (normal), exceto para a contagem de miofibroblastos.
Assim, foi utilizado o teste Kruskal-Wallis para detectar diferencas possiveis
para todas as variaveis, exceto a contagem miofibroblastos, para o qual foi
utilizado o teste t de Student. O software Minitab 16 (Minitab Inc., EUA) foi
utilizado para todas as analises estatisticas, com o nivel de significancia de
95% (a = 0,05).

35



5. RESULTADOS
5.1 ARTIGO 1

de Loura Santana C, Silva D de F, Deana AM, Prates RA, Souza AP, Gomes
MT, de Azevedo Sampaio BP, Shibuya JF, Bussadori SK, Mesquita-Ferrari RA,
Fernandes KP, Franca CM. Tissue responses to postoperative laser
therapy in diabetic rats submitted to excisional wounds. PLoS One. 2015
Apr 24;10(4):e0122042. doi: 10.1371/journal.pone.0122042. eCollection 2015.

Abstract: In a previous study about low-level laser therapy biomodulation on a
full-thickness burn model we showed that single and fractionated dose
regimens increased wound healing and leukocyte influx similarly when
compared with untreated control. In order to verify if this finding would be similar
in an impaired wound model, we investigated the effect of single and multiple
irradiations on wound closure rate, type of inflammatory infiltrate,
myofibroblasts, collagen deposition, and optical retardation of collagen in
diabetic rats. Female Wistar rats in the same estrous cycle had diabetes
induced with streptozotocin and an 8-mm excisional wound performed with a
punch. The experimental groups were: control group--untreated ulcer; single-
dose group--ulcer submitted to single dose of diode laser therapy (A = 660 * 2
nm; P = 30 mW,; energy density: 4 J/cm2) and fractionated-dose group--ulcer
submitted to 1 J/cm2 laser therapy on Days 1, 3, 8, and 10. The ulcers were
photographed on the experimental days and after euthanasia tissue samples
were routinely processed for histological and immunohistochemistry analyses.
Independently of the energy density, laser therapy accelerated wound closure
by approximately 40% in the first three days in comparison to the control group.
Laser therapy increased acute inflammatory infiltrate until Day 3. Both laser
groups exhibited more myofibroblasts and better collagen organization than the
control group. The findings demonstrate that low-level laser therapy in the
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immediate postoperative period can enhance the tissue repair process in a
diabetes model. Similar effects were achieved with laser therapy applied a
single time with an energy density of 4 J/cm2 and applied four times with an
energy density of 1 J/cm2. The application of laser therapy in the inflammatory
phase was the most important factor to the enhancement of the tissue repair

process.

Link: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4409316/

5.2 ARTIGO 2

de Loura Santana C, de Fatima Teixeira Silva D, de Souza AP, Jacinto MV,
Bussadori SK, Mesquita-Ferrari RA, Fernandes KP, Franga CM. Effect of laser
therapy on immune cells infiltrate after excisional wounds in diabetic rats.
Lasers Surg Med. 2016 Jan;48(1):45-51. doi: 10.1002/Ism.22445.

Abstract: BACKGROUND AND OBJECTIVE: Diabetes alters innate and
specific immunity, causing an imbalanced tissue repair process. Very active
neutrophils and macrophages are found for a long time in chronic wounds in
those individuals. The aim of this study was to evaluate the response of the
main effector cells of immunity (neutrophils, macrophages, and T lymphocytes)
and to compare the effects of two laser therapy regimens in the postoperative
treatment of excision wounds. METHOD: Diabetes was induced in female
Wistar rats and a punch was used to cause wounds in the dorsum of each
individual. The animals were randomly allocated to a control group (CG), in
which the wound was untreated, a single-dose laser group (SLG), in which the
wound was submitted to single dose of laser therapy at wavelength of 660 nm,
output power of 30mW, energy density of 4J/icm(2) , and 26-second exposure
time, and a fractionated-dose laser group (FLG), submitted to 1 J/cm(2) of laser

therapy on Days 1, 3, 8, and 10. Euthanasia was performed on five animals
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from each group Days 1, 3, 8, 10, 15, and 22. The wound was removed and
routinely processed for immunohistochemistry against elastase, CD3, CD68,
and CD206 antibodies. The samples were photographed and labeled cells were
counted by a blinded observer. The Kruskal-Wallis test was used for the
statistical analysis. RESULTS: Neutrophils were predominant in the SLG on
Day 1, whereas these cells were mostly found in the CG on Day 3 (P <0.05).
The T lymphocyte count was similar in all groups in the throughout the
experiment. On Day 3, the SLG exhibited a greater number of total
macrophages (CD68+) (P <0.05), whereas the macrophage count was similar
among the different groups on the other evaluation days. The CD206 + cell
counts revealed that the SLG had more M2 macrophages than the CG on Day 8
(P <0.05), whereas the FLG exhibited more M2 macrophages than the CG on
Day 10 (P <0.05). CONCLUSION: The present findings demonstrate that laser
therapy can alter the composition of inflammatory infiltrate in diabetic wounds,
leading to a more balanced response transiting from a rapid neutrophil
infiltration through to M2 macrophage polarization, especially with a single
application of 4 J/cm(2) in the immediate postoperative period.
Link:http://onlinelibrary.wiley.com/doi/10.1002/Ism.22445/abstract;jsessionid=0D
DD9770EESCFA1BF692753554D5E565.f02t02
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6. DISCUSSAO

A laserterapia mostrou ser capaz de interferir no recrutamento de
neutrdfilos, polarizacdo de macrofagos, diferenciacdo de fibroblastos em
miofibroblastos e reducéo da area das feridas, sobretudo quando aplicada em

dose Unica de 4 J/cm?logo ap6s a realizacdo da leséo.

Sabol et al, (2012) realizaram experimentos com lesées em pele de
ratos analisando a fisiologia do tecido e concluiram ser um modelo dindmico

para este tipo de estudo.

Independentemente da densidade de energia, a laserterapia acelerou o
fechamento das feridas em cerca de 40% nos primeiros trés dias em
comparacdo com o0 grupo de controle, apdés esse periodo o fechamento

ocorreu de maneira semelhante em todos os grupos do dia 8 em diante.

Em pacientes diabéticos, a resposta inflamatéria apdés lesdo é
frequentemente prolongada e excessiva devido a desregulacdo da coagulacéo
e resposta inflamatéria bem como glicagdo de proteinas, que leva ao

espessamento da membrana basal capilar e alteracdo na permeabilidade. 4857

Uma das complicacbes do DM € a lentiddo na migragdo de células
inflamatérias para o local da leséo, resultando em inflamacéo croénica. Estudos
relatam que a laserterapia aumenta a quimiotaxia de neutréfilos.®86° No
presente trabalho, a laserterapia promoveu o aumento o nimero de leucdcitos
(principalmente neutréfilos) em duas horas apés a lesédo, com um pico no dia
3, independentemente da densidade de energia (1 ou 4 J/cm?). Importante
observar que o grupo submetido a uma dose Unica da irradiacao teve a melhor
resposta inflamatoria, como demonstrado pelos valores significativamente mais

elevados do dia 3 a dia 10 em comparagdo com 0S outros grupos.

Nafiez et al., (2013)7° utlizaram ratos normoglicémicos com

gueimaduras com a mesma dosimetria deste estudo e encontraram uma
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quimiotaxia de neutrofilos superior, bem como a formacdo de novos vasos

sanguineos acelerando a fase inflamatoéria e promovendo a cicatrizagao.

Estudos com um modelo de artrite e 0 modelo de doenca fungica,
constataram que a laserterapia pode melhorar a quimiotaxia de neutréfilos.5874
No entanto, os resultados na literatura em modelos diabéticos s&o conflitantes.
Kilik et al. (2014)> realizaram uma andlise morfolégica semi-quantitativa da
contagem de neutréfilos em feridas diabéticas tratadas com laserterapia e
encontraram uma significativa menor infiltracdo nos grupos irradiados.
Considerando que Sharifian et al (2014)°> demonstraram que a laserterapia foi
incapaz de melhorar a quimiotaxia de neutréfilos no dia 4. Ambos os
estudos nao levaram em consideracdo que o periodo mais importante, onde
ocorre a diapedese de neutrofilos, € de quatro horas apos a lesdo. Além disso,
as analises foram apenas morfologicas e ndo utilizaram técnicas de

imunomarcacao.

Os neutrofilos responderam prontamente na laserterapia na fluéncia de
4J/cm:, imediatamente apds a lesdo, com uma diminuicdo significativa no
namero no dia 3. No entanto, o grupo controle demonstrou um pico de
neutroéfilos no dia 3, e ainda assim, com menos células que as encontradas no
grupo dose Unica. Este € um importante achado, como a maior quantidade de
neutréfilos € encontrada no tecido de individuos normoglicémicos, cerca de
quatro horas ap6s a lesdo’?. No entanto, sob condicdes diabéticas, estas
células demoram mais tempo para chegar ao local da lesdo e permanecem
por um periodo maior, liberando proteases que contribuem para a cronicidade
da ferida®73. Assim, a fotobiomodulagdo para neutréfilos no dia 3 em diante é

importante para evitar estimulo pro-inflamatério desnecessario.

A laserterapia mostrou modulagdo na presengca de neutrofilos e
macréfagos nas feridas e aumento na diferenciagdo de macréfagos. Com base
nas condicbes deste estudo, uma Unica dose de 4 J/cm2 mostrou-se mais

eficaz no aumento do nimero de neutrofilos e macrofagos que quatro doses
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de 1 J/cm?, indicando que o método de entrega de luz no inicio da cascata
inflamatoria é crucial para desencadear uma resposta celular efetiva e que 1

J/cmz é uma dose menos efetiva para cicatrizacao de feridas diabéticas.

Souza et al (2014)"! irradiaram macréfagos em cultura e encontraram
maior atividade mitocondrial e portanto, alteracdo no estado de ativacdo dessa
célula in vitro, o que se mostrou evidente no tecido lesionado onde a
laserterapia foi capaz de recrutar os macrofagos e estimular sua polarizagéo,
bem como promover a liberagédo de fatores de crescimento e diferenciacéo de

fibroblastos em miofibroblastos promovendo a contracéo da ferida .

Embora os macréfagos sejam cruciais para a cicatrizacdo de feridas
normais, a desregulacdo da sua funcéo poderia contribuir para reparar o tecido
deficiente em pacientes com diabetes.*!® Nosso grupo constatou que a
laserterapia numa fluéncia de 4J/cm?foi capaz de recrutar mais macréfagos no
dia 3, que esta de acordo com os dados descritos por Sharifian et al. (2014)7,
gue descobriu que doses baixas de um laser pulsado de infravermelho foram
capazes de aumentar a contagem de macrofagos no dia 4 apds a cirurgia em
animais diabéticos. Os macréfagos nas feridas de ratos diabéticos exibem uma
transicdo prejudicada de M1 pré-inflamatéria para o fenétipo M2 pré-reparo, o
que pode dificultar o fechamento da ferida*®>. No presente estudo,
fotobiomodulacdo inicial usando 4 J/cm? exerceu um impacto sobre a
polarizacdo de macréfagos M2 no dia 8 e as doses sub-6timas fracionadas de
1J/cmz2, apesar de ndo afetar o numero total de macréfagos, também levou a
um aumento na contagem de macréfagos M2 no dia 10. Estes séo resultados
importantes que podem ajudar a esclarecer os mecanismos pelos quais a
laserterapia melhora a cicatrizacdo de feridas, especialmente em diabéticos.
Macrofagos M2 produzem TGF-B, que € responsavel pela conversdo dos
fibroblastos em miofibroblastos aumentando a contracdo da ferida, que é

deficiente em individuos com diabetes.’®
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Embora muitos fatores possam contribuir para a disfungédo de
macréfagos encontrada em individuos com diabetes, 0 aumento do montante
de citocinas pro-inflamatorias interferon gama e IL-1B, junto com a
diminuicdo da IL-10 que é anti-inflamatoria, podem desempenhar um papel
significativo.”” Como macréfagos sdo responsivos a luz, estas células podem
ser moduladas tanto com a luz vermelha e préximo ao infravermelho, a
laserterapia pode restaurar parcialmente o balango deste microambiente
devido a reducéo de interferon’®, IL-18° e marcadores de estresse oxidativo’®

na cicatrizacéo de tecidos.

Nas feridas diabéticas ocorre falha na formacéo do tecido de granulacao
adequado, a angiogénese € pobre e a cicatriz ndo se contrai corretamente,

muitas vezes resultando em deiscéncia ou feridas crbnicas.

A fase proliferativa do reparo do tecido € caracterizada pela formacéo
de tecido fibroso e angiogénese e é fortemente modulada por transformar o
fator de crescimento beta (TGF-B), que induz a proliferagdo de fibroblastos e
sua diferenciagcdo em miofibroblastos. Laserterapia induz o aparecimento de
miofibroblastos em tecido de granulacdo durante a proliferacdo e fases de
remodela do tecido reparar o processo, provavelmente através da modulacéo

da sintese de TGF-B, o que é de grande valor para o paciente com feridas. 8%
82,

Araujo et al. (2005)83, utilizando feridas cirlrgicas no dorso de ratos,
analisaram o padréo histologico das feridas ao 8°, 15° e 22° dias e observaram
gue o numero de miofibroblastos aumentou gradativamente no grupo controle
ao longo do periodo analisado, enquanto na derme irradiada a populacédo de
miofibroblastos foi significativamente maior no inicio e muito inferior no 22° dia,
corroborando com nosso estudo, onde a laserterapia promoveu aumento na
quantidade de miofibroblastos nos grupos tratados em relagdo ao controle na
fase de remodelamento — dias 15 ao 22 - que pode ser util para contracéo das

feridas e remodelacdo em pacientes diabéticos.
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No presente trabalho, a laserterapia ndo estimulou o recrutamento
d estas células. Células T sdo uma importante parte da resposta imune inata
em feridas da pele. Mais estudos devem ser realizados para investigar outras
células T com marcacao diferenciada (T regs — CD4 + FOXP3 +) e a relacdo
CD4/CD8.84
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7. CONCLUSOES

Aplicar uma dose de 4J/cmz? de laser vermelho em feridas cutaneas de
ratos diabéticos gera uma cicatrizacdo de qualidade superior do que a a quatro
doses de 1J/cm? em dias alternados. E independentemente do regime de

aplicacéo, fazer a fotobiomodulag&o é melhor do que néo realiza-la.

A fotobiomoduag&o mostrou-se efetiva na aceleragdo do fechamento da
ferida nos trés primeiros dias, aumento do nimero de neutrdfilos, polarizagédo
de macrofagos, diferenciacdo de miofibroblastos e organizagdo do colageno,
sobretudo quando aplicado em dose Unica.

N&o houve diferenca significativa ha contagem de linfocitos T.
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Abstract

In & previous study about low-level laser therspy biomodulation on a full-thickness bum
model we showed that single and fractionated dose regimens increased wound healing and
leukocyie infiu simils ry when compared with unires ted control. In onder to verily i this find-
ing would be similar in an impaired wound model, we investigated the effectof single and
multiple iradiations on wound dosure rate, type of inflammatory infiltrate, myofibroblasts,
oollagen deposition, 2 nd optical re terdation of collegen in disbefic rats. Female Wistar rats
in the same estrous cyde had disbetes induced with strepiozotodn and an §-mm excisional
wiound performed with & punch. The experimen sl groups were: conirol group — untreated
ulcer, single-dose group — ulcer submitied 1o single dose of diode laser therapy (A=86801
2 nm; P = 30 mW: energy density: 4 Jicn®) and fracionated-dose group —ulcer submitied
1o 1 J/em? laser therapyon Deys 1,3, 8, and 10. The ulcers were pholographed on the ex-
perime nial days and after euth anzsia issue sample 5 were routinely processed for histolo gi-
cal and i 0 histochemistry anal . Imdependently of the energy density, laser therapy
asocelerated wound closure by spproximatety 40% in the firstthres days in compaison o
the control growp. Laser therapy inoeased acuie inflammatory infilirate undll Day 3. Both
lzser groups exhibiied more myofibroblasts and betier collegen onganization fhan fhe con-
ol growp. The findings demonsirate that low-level laser therapy inthe immediate posioper-
ative period can enhance the fissue repair process in a disbetes model. Similar effects were
achieved with laser e rapy applied a single time with 2n energy density of 4 iom® and ap-
plied four fimes with an enengy density of 1 Jiom®. The ap plication of laser therapy in the in-
fiamma tory phase was the mostimportant fcior to the enhancement of the tissue repair
DrOcESs.
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Introduction

Driabetes mellitus { M) isa common disease with the estimated prevalence of more than 371
million people workiwide and an increadng incidence in every country. Patients with diabetes
often have surgical needs duse to health disondes caused mostly by chronic hyperglveemia and
are at risk for postoperative complications related to the non-healing of surgical wounds [1].

DM impaies wound healing due to an imbalanee in the inflammatory response, the altered pro-

duction of cytokines, aliered collagen synthesis, reduced angioge nesis, and reduced tensile
strength [2—4]. Thisleads to a decrease in wound strength, poor wound contraction, an in-
creased incidence of infection, and dehiscence, which proong hospital iration and increase the

martality rate [5]. The Wodd Health Organization (WHO) estimates that there will be 366 mil-

Lions invdividueals with diabetes in 191 countries by the year of 2030 [4 7.

Low-level laser therapy has been used in the cinical setting asa complementary tool fr pain
relief s well as duse to its anti-in fammatory effects 2 nd has aloo been emploved to ac derate the
healing process in cases of muscle injury [8, 9], burns [10], surgicl wouwnds [11, 12] and chnonic
uleers [13, 14]. The Womodulatory effects of laser therapy are based on the theory that photon
energy isabsorbed by cellular photscs qpior maecules, such as oxyhemaglobin, hemoglobin, cy-
tochrome ¢ oxddase and melanin, Once the photon energy is absorbed, the photoacceptor as-
sumes an eledronically excital sate and this energy is converted imto chemical energy within
the cell [15]. Cyvbochmome ¢ oxidase receives photons and promotesa change in the mitochbondr-
al redox state and/or pumping of ions across the inner mitochond dal membrane aswell atan in-
create in ATP synthesis[15]. There is also an incresse in intracelular caleum (Ca®*), which
stimulates DN Aand RNA symithess, thereby activating a cascade of intraehular signals [16].
This ultimately stimultes DNA duplication, increases protein synthess, regulates oxidative
streas, and modulstes the production of different cytokines [17, 18] These events lead to the bio-
madulation of different cell types involved in tissee regeneration [19], incheding an inc rease in fi-
broblast mitosis [20], grester anglogenesis [21, 23], changes in the symfess of cytoldines [23-
25, and assistance in the comversion of fibmblasts into myofibroblasts [26].

Theese effects have been de monstrated in both pre-clinical studies and dinieal trake [8-14,
Z7). However, the lack of standardization reganding dosimetry and light delivery regimens a5
wellasthe incomplete unde mtanding of the associated cellular and maeculsr mechanisms of
action limit the we of this treatme ot modality [28]. The importance of dose versus irradiation
moment i still & matter of investigation. IF a single laser exposire would be enough to produce
the same effect as three or four exposures, reganding the compliance of the therapy, and also
thee costs involved, a single application would be better [10].

The bypothesis of this study was whether lasertherapy delivery regimen would impact on
the final repair tissse under byperglycemic conditions. Considering e diabetes epidemicsand
that these individ vals sufler traumatic injuries and surgeres, to apply lasertherapy on altemate
days for more than two weeks i not a reliable therapy due to the general bk of patients” com-
pliance. We searched for a photobiomaodulation altemative regimen that could trigger the ex-
pected tissee responses of improved healing in less time. Thus, we compared the effect of two
laser delivery regimens (single dose and fractionated dose) on the postopemtive repair of dia-
betic wounds wing objective parameters of tissuse bealing: wound cdosure rate, inflammatory
infilirate type, myofibroblasts count, collagen deposition, and optical retandation of collagen.
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Materials and Methods

Animals

Minety femnale adult Wistar rats (body mase 250+ 50 g) were kept in vivadum in plastic cages
with five animals each, with free access to water and dow, 12-h light/dark cyde, 22°C, and
% umidity). The animals were monitored daily. This study received approval from the Ani-
mal Research Ethics Committee of University Nove de Julho (Brazil, process mumber: ANS
026/12) and was carded out in compliance with Brazilian ethical principles for animal
experimentation.

Chemical induction of diabetes

After fasting for 12 h with fee access to water, dinbetes was induced in allanimak with an

al injection of streptozatocin | Sigma- Aldrich, St Lowis, MO, USA) dissolved in
05 M of citrate buffer (dose: 60 mg/log of body mas). Blood gheoose levels were measured on
aweekly basis Animals with Fasting blood gheeose greater than 220 mg/dL and stable body
mass after one week wene selecied for the experiment.

We used a 60 mg'ky dose to avodd unnecessary suffering and death die a 100mglky dose,
which is highly toxic to the animals. Considering that blood glucose peak is before the 50= day
[29], and that we wanted to study the wound bealing in the maximum hyperglycemia, we cal-
culate the experiment to start 15 days after the dingnosis of diabetes and the bst group wound
end on day 21. Our experiment reprod uced how bserthers py could aid a post surgical wound
inn & dishetes type 1 individwal, not a choonic wound inan old person.

Injury model

Anesthesia was performed with 80 mgflkg of ketamine HO (Dopalen, Vetbrands, SP, Braxil)
and 10 mglky of xylarine (Ansedan, Vebrands, SP, Brazil). Pur was removed from the back
ofeach animal with an electric shaver and a hair removal cream (Veet Cream, 5P, Brazil). The
skin was then deaned with 2 0.12% chlodexidine sohution An 8-mm surgical punch (Richter,
5P, Brazil) was wied o prodisce round wournsds in the central portion of the dosum. The ani-
mals were maintained ona warm plate (37°C) to prevent hypothermia wntil complete recovery
from the anesthesia Then, to prevent pain the animals rece ived an intramuscular injection of
tramada hydrochlorde (5 mg/hg) twicea day for two days.

Experimental groups
The animals were divided into three groups with thirty animals each (Table 1)

Lasersystem

Agallium-aluminum-arsenide diode laser (MM Optics, 5o Carlos, SP, Brazll) ( wavelength [A]:
860 £ 2num) was employed with a beam spot of 004 cm”, which was enlarged to 10 mm in di-
ameter using a diverging lens to ensure complete coverage of the uleer. The output power was
30 mW. The energy density and exposure time in the single-dose and fractionated dose groups
(SDG and FDNG, respectively) are displayed in Table 1. The output power was messured before
and afier irradiation to guarantes the pammeters wed (LaserCheck, Coberent, Santa Clara,
CA, USA).
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Humber of animals 30 30

Group Contml gmoup (0G) Fractionated-dose group FDG) Sngle-dosa goup (SDG)
Condition L Lasar $ampy Lamar thampy

Laser enengy density 1 Mo 4 Mo

Laser exposition time s 04 s

Treatment fi ¥ Four fmes Onoa

50 137 Ypurnal pore (TR0 804

Wound closure rate

The animals were anesthetized a5 described above and placed in the prone position. Pictures
were taken of the uloers wsing a Canon T1i witha 100-mm Canon macm lens (Kunisaki, Oita
Prefecture, Japan). The ulcers were plotographed daily wntil the cosing of the wound (ie.,
227 day of the study). The uloerated area was measuned mamually with the aid of the Image]
145 program (free software, NIH, Bethesda, Maryland, USA). Measurements were compared
with a fully automated numerical methed for the validation of the results A complete descrip-
tion of the method can be foend ina paper by Deana (2013) [340. Photos from Day 1and the
tirne of eutha masia were compared to determine the wound dosure rate,

Analysis of the healing morphogy, inflammatory infittrate and
myofibroblasts count

Five animals from each growp were euthanized on Days 1 (2 bours after injury and laserimradi-
ation ), 3, 8, 10, 15 and 22 with an overdoe of anesthesia The ukerated tissue was removed,
fxed in 10 buffered formalin (pH 7.4) and embedded in paraffin Three 5-pm section from
each animal sample was stained with hematoxylin and eosin for morphological amalysis. An ex-
perienced pathologist blinded to the allocation of the samples to the different growps per-
formed the amlysis, searched the complete extension of each sample with an light microscope
(Leica Microsystems, Wetzlar, Germany) and reconded the presence/shse nce of ulcer, epitheli-
zation, gramdation tissee, and fibrosis

The infammatory cells neutrophd and T lymphocyte identification was made with immue-
nohistochemistry {described below) and it was soored ax 0= abdent, 1 = low {up to 25% of
cell), 2 = moderate 25 to 50% of cells), and 3 =high (50% to 100% of cells). To do this score,
thee complete area of the injured tissue of all animals wasanalyred in triplicate. The highest
scores were recorded.

Immunohistochemic al analysis was performed for the myofibrablast cowunt and inflamma-
tory cells identification Sertal sections of paraffin-embedded tisases (3 pm) were placed on
glass slides conted with 2% 3-aminop ropyl triethylslane { Sigma-Aldrich, St Louis, MO) and
deparaffinized in xylene, bllowed by immersion in aleohd and incubation with 3% hydrogen
peroxide diluted in Tris-buffered saline (TBS) (pH 7.4). The sections were blocked by incisha-
tion with 3% normal goat serum e 20 mimstes and immersed in citrate buffer (pH 60) at
95°C for 20 minetes for antigen retrieval. The slides were then incubated with anti-alpla
smaoth muscle actin (ABCAM, ab5694), anti-newtrophil elastase (ABCAM cat 68672, 1:3500]),
and anti-CD3 T lymphocyte marker (- ABCAM 5690, 1:304). The samples were kept overnight
at 4°C in a humidified chamber, followed by washing of the sections with TBS, incubation with
N-Histofine Simple Stain (Michirei Biosciences Inc., Tokyo, Japan) for 30 minutes and incuba-
tion in 3,3 -diaminobenzidine in a chromogen solution (Dake) at mom temperatire for two to
five mimutes. The sections were then stained with Mayer's hematosrylin and covered. For the
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negative contras, the primary antibodies were replaced with 1% PBS/bovine serum albumin
annd mod-imaniene mowse serem | X500-1, Dala).

To count the myofibroblasts, five comecutive micrnscope fields (magnification 400 x) with
the most myofibroblasts (ot spot) were photographed (Leica Microsystems, Wetzlar, Ger-
many ). An experienced pathologist blinded to the allocation of the samples i the different
groups performed the analysis of the images with the aid of the Image] 1.45 program (free sofi-
ware, NIH, Bethesda, Maryland, USA), using the "cell counter™ plug-in. Amalysis were made
in triplicate.

Collagen deposition

The analysis of collagen deposition was performed using interferenc e colors, which are directly
proportional to the thickness and packing state of the fibers. The constant thickness of the cuts
allowed the study of the packing state: wider, packed fibers appeared a5 orange & red and thin,
less- packed fibers appeared as green [11]. For this amalysis, kistological cuts measuring 8 pm
were obtained, stained with Picrosiries Red, and examined undera polarizing microdcope
(Pol-Interferencial Photomicroscope, Model 61282, Carl Zeiss, Germany ). The photographs

were digitalized and examined using the Image] 145 program fior the quantification of each
color (green, orange and red) and determination of the proportion of the different packing

stales.

Optical retardation of collagen

Forthe quantification of the optical retandstion of collagen, birefringenc e was measured in
deparaffinized, unstained histological cuts measuring 8 pm Readings were performed with the
samples soaked in distlled water using a polariring microoope { Pol-Interfers ncial Plotomi-
crosoope, Model 61282, Cad Zeiss, Germany) with a high-pressure mencury bulb (HBO 200W)
for il i v tion annd an interference filter (PIL 546) for the determination of mosochromatic
light at & =546 nm. The readings were condicted with a compensaior, which introduces opti-
cal retardation of 34, When the difference in the optical path of the sample isequal to the re-
tandation of the compensator, destructive interference oo urs between the ordinary and
extraondinary rays emanating from the sample, characterized by a dark background seen in te
ocular of the micrsoope. The feld variesin position (degrees) in relation to the light beam
Upon encown tering this dark field, the angle in the microscope is read by the accessory that
complements the equipment. Thus, to determine optical retardation {An) of the samples in
i, the angle (o) read in the microse ope is multiplied by 3.03 am [32]. Five @ readings were
performed for each histological section.

Statistical analysis

Shapiro-Wilk test revealed that the variables did not follow Gawsian {nomal) distribution, ex-
cept for the myofibroblast count. Thus, e Mann- Whitney test was wsed to detect differences
between all possible pairs in the within-day analyses for all vadables except the myofibroblast
count, for which the Student’s t-test was used. The Minitab 16 software program (Minitab Ine,
USA) was used forall statistical analyses, with the level of significance set to 95% (e =005

Results and Discussion

The present findings demonstrate that bser ther py delivered either once or four times en-
hances the eady plase of tissse repair by accelerating initial wound dosure and leukocyte che-
mataxis, with more myofibroblasts and more organized fbrows tssse in the wound.
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Independently of the energy density, buer thera py acoelerated wound closu re by approsimately
A% in the first three days in comparison 1o the control group, after which the deswre rate de-
creased ina simdlar cate in all groups from Day 8 onward (Figs 1 and 2).

Om Diay 3, the laser goowps had a significantly smaller injuryarea in comparison to the con-
trol group. Beginming with Day 8, oo statistically s gnificant differences in injury area wen

fpund among the groups, and the ulcer was no longerapparent inany growp by Day 22(Fig 2).
Thus, it cannot be stated that lase r therapy accelerated the bealing process, as wound closure

did not occur eadier inany growp in compatson to the other growps, which is in agreement
with data reported in previows studies [ 33, 34) However, the biomodulation caused by bser
thera py was sufficient to achieve perceptible effects in the inflammatory phase of the healing
process (Day 3), which can be of considerable asistance in major surgeries to which patients
with dishetes are submitted, expoting such patients to a lower risk of infection.

Laser therapy increased acute inflammatory infiltrate measured by neutrophils count two
bsters after the induction of the wound, which remained high through to Day 3. From Day 8
onwand, scute inflammatory infiltrate was gradually replaced with diromic infiltrate, measured
by the T lymphocyte count, with significant differences among the groups (Figs 3 and 4).

In patients with disbetes, the inflammatory response following injury is often prolonged
and excessive [15] due to dysregulated coagulation and inflammatory response [35] a8 well a8
protein gheation, which leads to thicke rcapillary basal membranes with altered permeability.
Thee mvig ration of inflammatory cells to and from the injury site & delayed , resulting in chromic
inflammation. Studies report that low-level bser therapy increases newtroph il chemotaxis
[1& 36]. Inthe present investigation, laser therpy triggered leukocyte chemotaxis (especially
neutrophils) beginming at two bours after injury, with a peak on Day 3, independently of the
energy density (1 or 4/em™) (Eig4). It dhould be stressed that the group submitted to a single-
doge of low-level lase rirradiation had e best inflammatory response, as demonstrated by the
significantly higher scores from Day 3 to Day 10 in comparison to the other groups.

Laser application alered the infla mmatory infltrate trend line (B 5). Indgpendently of the
energy density {1 ord Jem®), ber therapy induced leukacyte chemaotaxis in the early sagesof
tissse repair. The leukocytes soores were similar among the diferent groups from Day 8 cnwand.

As expecied, myofibroblasts appeared on Day 8 and remained through to Day 22 inall
groups (g 5).

On Dy 15, the number of myofibroblasts began to decrease in the contrd group, but con-
tirmsed to increase in the bver groups. On Day 22, all growps kad Ewer myofibroblasts, demon-
strating that the scars were in the remaodeling phase, but both bser groups had more of these
cells than the contml growp.

The proliferative phase of tisee repairis characterized by the formation of fibrows tissue
and anglogeneds and is strongly modulsted by trandorming growth fsctor beta (TGE-[,
which induces the proliferation of fibroblasts and their differentiation into myofibroblasts
Laser induces the appearance of myofibroblastsin gramilation tssue during the proliferation
and remodeling phases of the tissue repair process, likely throegh the modulstion of TGE-B
synthesis. Srymansea et al {2013) demonstrated that LLLT at a wavelength of 635 nm increases
endothelial cell prolife ration, with a cormesponding decrease in the concentration of vascular
endothelial growth factor, suggesting the mle of this growth Betor in this process, in contrast,
the 830 nm wavelength was associated with a decrease in TGE-Psecretion [22]. Visible red
laser (660 nm) wasemployed in the present study and lod to a significant increase in the ap-
pearance of myofibroblasts in the healing process, especially on Days 15 and 22 (Eig 6), which
may be belphial to wound contraction and remodeling in patients with disbetes.

Interference cdors with the we of Picrosirius Red and polarized light revealed that bser
therapy did not aflect the proportion of lirger, more packed collsgen fibers in relation to
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thinner, less packed fibers on Day 22 (Eig 7). However, the optical retardati lysis demon-
nraedlhldnoohgenfberswesgnlﬂmlymeotgaﬁmdind:emaAllwoundsin
the three groups were cdased by Day 22, with well-formed epithelium showing a mature stra-
tum comeum and epidermal appendages (sebaceous glands and hair Bllices). The skin barrier
function is mainly assigned to the stratum comeum hyer of the epidermis, which pr ex-
ogenous substances from entering the body while also minimizing transepidermal water loss.

OnD:y27.i:eoolagnfberswaemoryn!udhlheSDGhoompwkonlolmm-
injured diabetic skin. The FDG had slightly less organized tissue than uninjured skin and the
control group exhibited the worst degree of collagen organization (Fig 8).

Using d ks g ion (SHG), which is sensitive to the molec ular orientation
of cdlagen fbers, Kim et al found that changes in protein structure caused by glyeation lead to
a reduction in the signal d by SHG, indicating less organization of the fibers [37]. In

the present study, optical retardation was employed for the inference of the mdecular orienta-
tion of the collagen fibers, as this method is well established, more accessible and correlated
with the signal obtained through SHG [32]. Since tissue glycation isa biochemical characteris-
tic of disbetes, alow degree of mdecular organization was expected and, consequendy, low op-
tical retardation. However, the SDG exhibited significantly differe it values in comparison to
the other groups, including in comparison to uninjured diabetic tissue. The buildup of glyca-
tion products can lead © the Joss of organization in the fibrillar arrangement, which i reflected
in the fibers, bundles and extracellular matrix [38]. As both kser groups had significantly

(25 oG 06

logical ination of healing th Day 3: all group y phase of §ssue
mﬁ(&ACL‘thwhduMmhﬂmthﬂ-h(')ml wounds in
profiferative phase with granulation Sssue (D, E, F); Some samp
infl y infiltrate at this time (*).h N & cosn \g: orginal magn & 200 x
e 0137 Ypumal pone 0 22082 6003
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greater optical fation in tison to the 1 group, one may infer that the laser-gly-
cated tissue interaction banimpoﬂamfxtmhd&orynhﬂonofmhgmﬂhshhdlvih—
als with disbetes. Moreover, the energy density employed should be considered in this
interaction, as greater collagen organtzation was found in the SDG than the FDG.
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Diabetic wounds fadl to form adequate granulstion tissue; angiogenesis is poor and the scar

does not contract properly, often resulting in dehiscence or chronic wounds. No previous stud-
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Conclusion

The present findings demonstrate that kow-Jevel buer thermpy in the immediate postoperative
period can enbance the tisue repair process in patients with diabetes by mod ulating the in-
Sammatory proces, increasing the synthess of myofibroblasts and enbancing collagen organi-
zation. Simdlar effects were achieved with laser therapy applied a single fime with an energy
density of 4 ] fem” and applied four times with an energy density of 1]/em™. Moreover, the ap-
plication of buer therapy in the infammatory phase was the most important Botor to the en-
hancement of the tisswe repair process. Further studies should be cond ucted to determine the
role of the red wavelength on the modidation of glycation through biodsemical analysis and
compane the advantages of different energy delivery regime s (single higher dose or multiple
lower doses).
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Background and Objectives Diabetes albers innate and
specific immunity, cousing an imbalanced tissee repoir
proess. Very active nevtrophils and macmphages are
fourd fior a long time in chromic wounds in those
individuals, The aim of this study was to evaluate the
response of the man efector cells of immunity (neutro
phils, mamophages, and T mphocytes) and to compare
the effects of two laser therapy regimens in the postopers:
tive treatment of excision wounds,
Method: DHabetes was induced in female Wistar rats and
o punch was used to cause wounds in the dorsum of each
indpridual. The mimals were randomly allocated to a
wontral group (CG), in which the wound was untreated, a
single-dose laser gmup (SLG), in which the wound was
submitted to single dose of laser therapy at wavelength
of 660 nm, output power of 30 mW, energy density of
4 Jjem?, and P6-second exposure ime, and a fmetionated-
dose laser group (FLG), submitted to 1J/em® of laser
therspy on Days 1, 4, 8, and 10, Euthanasia was
performed on five animals from each group Days 1, 3,
&, 10, 15, and 22, The wound was removed and routinely
processed for immunohistochemistry against elastise,
CD4, CDES, and CD20E antibodies, The samples were
photographed and labeled colls were connted by o blinded
observer. The Hruskal-Wallis test was wsed for the
statistieal analysis,

Resultse Neutrophils were predominant in the SLG on
Dy 1, wherens these cells wem mostly found in the O on
Dy 3 (P < L05) The T rmphocyte count was similar inall
groups in the throughout the experiment. On Day 3, the
BLG exhibited a greser mumber of total macrophages
(CDER+) (P < 0005), whereas the m.u:mp]'l.u# oount was
similar among the different groups on the other evaluation
days, The COE0E6 + cell counts revenled that the SLG had
mare M2 macrophages than the CG on Day 8 (P < 0.05),
wherens the FLG exhibited more M2 macrophages than
the O an Day 10 (P < 0.05).

Condusion: The present findings demonst rate that laser
therapy can alter the composition of inflammatory infil
trate in dinbetic wounds, leading to a more balanosd
response transiting from o mpid newtrophil indiration
through to M2 macrophage polarization, especinlly with a
single application of 4Jfem® in the immediate postopera
tive period. Lasers Surg. Med. 4845-51, 2016,

@ 2015 Wiley Periodicals, Ine.

© 2015 Wilay Periedicals, Ine

Key words: laser therapy; neutrophil infiltration; dis-
bestess; macrophages; wound healing

INTRODUCTION

Dhinbetes is a serious public health pmblem aflecting
mare than 250 million individuals aroend the warld that
can lead to nevrologienl, mamovescular, and microvasos.
lar alterations, resulbing in dificulties regarding tissue
repair, infection, dehiscence, chronic wounds, and amp-
tation of an affected organ [11

With dishetes, alterations occur in innate, specific
immunity, kading to mn imbalanced tisswe repair process,
Active macrophages and neutrophils st o long time in the
wounds of dinbetic patients. Inflammation & persistent,
with a reduction in angiogenssis and the brmation of
gronulation tissue, which exerts o negative impact on the
elosure of the wound [2,3].

Efficient wound repair requires the coordinated effiort
of many different @]l types, Newtrophils are the first
leuk ocytess to ber meeruited tothe nflammation site and are
capable of eliminating pathogens through different mech-
anisms. The mean life of a newtrophil is 1.5-12 hours in
mice and can reach several days in humans; during
inflammation, lewever, thess cells are asctivated, increas.
ing their longevity considerably, which ensures their
presence in mome complex acthdties, such as the resolution
of inflammation or the adaptive immune response [4,5].
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tory indiltrate |6).

Monogrtes/macrophages are inwalwed in both the initis
tion and resolution of the inflammatory response, Mirror
ing the Thl and Th2 classification of T helper cells, two
distina macrophage subsets hove been recognized: M1 and
M2 Theinitial inflammatory response is medinted by M1
macrophages, which produe large amomits of reactive
ogrgen spedes (ROS) and pro-infammatory cytokines
{tumor neaosis factor alpha [THFa), interleukin [1L}-1
and1Le6). The healing phase is related to M2 macrophages,
which have grester phagooytic capacity, mainly produee
anti-inflammatory ctokines (IL-4, 1L-10, and 1L-13) and
are characterzed by the incressed expression of the
manmoese recephor COE06. Thes, macrophages parbic pote
in all phases of the tHssue repar promss, controlling
cellularity, and the remodeling of the wound [7,8].

Experiments have been comducted in which macro
phages are depleted in diffrent phases of the mepoair
process, such as the study conduded by [9]. With the
oocurrena: of depleton in the nfAammatory phase (up to
4 days following njuryl, the repair process is severely
altersd, leading to reducbons i gramalation Hssue, the
formation of new epithelial deswe, and the depositing of
collagen. Macrophages shlated in the proliferation phase
(B=14 days following injury) are sssocisted with wound
hemarrhaging, increased endothelial cell apoptosis, and
the failure of newly formed blood wessels. When macro-
phages are ablated in the remodeling phase (15 days
following injury), no effects in the wounds are fond [9).

DHabetess is largely considersd a pro-inflammatory
condition. Data from a study by [10] confirm that the
infiltration of M1 macrophages is associated with a
reduction in the survival rate and mom extensive tissue
damage:. This lends suppart to the theory that tissue nury
in individunls with dinbetesisaggramted by a reduction in
the control of the inflammatory response, with impaiment
seen in remadeling and repair after an inury, and
subsequent inflammation [10].

The biomodulatory effects of photobiomodulation
(PBM ) hiove been widely deseribed both in animal models
and clinical studies [11-13]). FEM is believed to promote
angiogenssis, enhmee nemascularzation, inerense
collagen synthesis, amd accelersde the healing of skin
wounds [14]. Hecent studies have found thet PEM at
different wavelengths con modulate nestrophil chemo-
taocis [15,16] and the cellular activaton status of macroe
phages in inflammation processss [17-18].

In a previous study by our research group on tissue
repaitin the wounds of dishetic rats, luser therapy, either
in a single dose (SL), or in fractionated doses (FD), was
found to modulate the inflimmatory process and end
quality of the wound. Briefly, on Day 1: SL induced the
presence af more neutrophils mnd inflammatory infiltrate;
on Day 3 omotrol group had more newtrophils (though

A% of wound closure in the initinl days after injury, with
an increnss in the number of leukogrbes, alarger mimber of
myafibroblasts, and greater collagen orgmnization [20.

In an attempt to clarify the mechanisms by which laser
therapy exhibits this property of photobiomodulation, a
hypothesis wasput forth stating that laser therapy leadsto
differences in the composition of the inflammatory infil-
trate in dinbetic wounds, which was implied by the end
qpuality of the wiound,

The aim of the present study was o evaluate the
response af the main immunity effector cells (newtrophils,
T lymphocytes, and macrophages) and compare the efects
af two laser therapy regimens in the postoperative
treatment of wounds in disbetic rats.

MATERIALS AND METHODS
Amnimals

Ninety female adult Wistar rats (bod y mass: 2504 50g)
were kept in plastic cages of five animals each with free
access to water and raton and a 12hours lightidark
eycle, This study was approved by the Animal Hesearch
Ethics Committes of Unbremsity Nowve de Julho (Braszil,
process mumber: ANS 02612) and wes conducted in
camplisnes with Brazilion ethical principles for animal

After fasting for 1Z2hours with free access to water,
dinbetes was indwuced in all mimals with an intraperito
neal ingection of streptootocin (Sigma-Aldrich, St. Louis,
M) dissalved in 0,05 M of citrate buffer (dose: 60 mghy of
by mass), Blood glucoss levels were mesured weekly.
Animalswith fasting blood glucose greater than 230mgdL
amd stable body mass after 1 week were selected for the
expernment.

Injury Model

Eylazine (10mgky; Anasedan, Vetbrands, 8P, Braxil)
and ketamine (80 mg'ks; Dopalen, Vetbmnds, 8P, Brazi)
were administered for the mesthetic offect. Pur was
remayved from the dorsum of ench animal with an electric
shaver and hair removal erenm (Veot Cream, SF, Brazl).
The skin was clenned with 0.12% chlorhecdine. A surgical
punch (Richter, SPF, Brimil) was employed to camse two
rownd wonds measuring Bmmin diameterin the dosum.

The punch was inserted unti the complete thickness of
theskin. When the pund reaches the fascia overlying the
panniculus camosus the operator feels the reducton of
Hasue resistana: that offers to the cutting blade and this
defines the cutting depth and allows complete remowal of
the skin withowt injuring the adjacent muscle Hasue.

The animals were then kept ona warm plate at 37°C for
the preventon of hypothermia [20].
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TABLE L Experimental Groups and Trestment Parnmeters

MNumber of animals a0 30 an

Gmoup Contmol group (O} Single-dose losor group (SLA0zH Frocimated-dose laser group (FLAH

Candition Mo troatment Lasor therapy 4Jem” Laser therapy 1Jem”

Wove emggth 880+ 2 nm G804+ 2nm

Cutput power 30 mW 30 mW

Power density ABmWem” AR mWem”

Laser exposition time 10d= b ]

Energy per application 3.12J 078

Tmatment fooquency Dy 1 {after eocisional wound) Four fimos (after exdsionn] woumnd
ond on Days 4, 8, 100

Experimental Groups The samples were stored in o humidified chamber at 4°C

The mnimals were divided into three groups of thirty
ammals each (Table 1)

Administration of Laser Therapy

A gallivme-aluminum-arsenide diode hser (MMOptics,
Sao Carlos, 8P, Bazil) operating at a wawelength of
660 4 2 rom was wsed, The 004 em® beam spot. was enlarged
(10mm in diameter) with the aid of a diverging lens o
cover the wound completely. Table 1 displays the laser
parameters in the SLG and FLG. Output power (30mW)
ws determined before and after PEM to ensure the proper
parameters with the aid of LaserCheck (Coherent, Santa
Clara, CA).

Immunohistochemistry and Inflammatory Cell
Counts

Five animalsfrom each group were sut hanized on Dagys 1
{Zhours after injury and laser irmdiation), 3, 8, 10, 15, and
22 with an overdose of anesthesia. The injured tissue was
removed, ficed in 10% buflered Brmalin pH 7.4, and
embedded in paraffing

The tissue samples were imbedded in paraffin and et in
serial sechons messuring 3 pm The samples were placed
on shdeswith a 2% salution of 3-aminopropy| trieth ysilane
(Sigma-Aldrich, 8t. Louis, MO} Deparaffinization was
perfirmed with xylene and the samples were :.m.:r-d in
aleohal, followed by incubation in a 3% hydmgen
sohution dihated in Tris-buffered saline (TES) (pH 740
Incubation was then performed with a 3% solution of
normal goat serum (20 mimates) and the blocked samples
werse immersad in citrate uffer (pH 6,00 for %) minwtes at
85" C for the retrieval of the antigen. The slides were then
ineubated with the llwing antibodies listed in Table 2,

TABLE 2 Antibodies nnd Antigen Retrieval

miﬂ'lt Memxt, the Hsmse sscbhons were washed in
THES and inculmted with N-Histofine Simple Stain (Ni-
chirei Biosciences Inc., Tokyo, Japan) for S0mimtes,
fial lerwrescd ]'.ly 19 -diaminobenzidine meubaton at room
temperature ot room temperatn me n achromogen solution
(Daka) for Z-5-mimutes, The samples were stained with
Muyer's hematacylin and coversd. The primary ant bodies
were replaced with 1% PESbeowvine serum albumin and
moymeimom e maose seram (K 5001-1, Daka) fior the negative
contrals.

In the microsmpic malysis, five fiekls with the largest
amoumnt of labeled cells were photographed (Leica Micro-
syshems, Weizlar, Gﬂ.‘m.u.n'_l,rj ata mna::i.ﬁ:.u.t:im af 400 fod.
The annlysis of the mages was performed by an experi-
enoed pathologist who was blinded to the different study
groups using the “cell counter™ plugin of the ImageJ 1.45
program {free software, NTH, Bethesda, MD).

Statistical Analysis

The BioEstat 5.3 software program ifree software,
Mamirma Institute, AM, Brazil) was used for all statisti-
cal annlyses, with the level of significance set to
5% (o =0005). As the data were non parametric, the
Horuskal-Wallis test was used, followed by Dunn's post hoe
test

RESULTS

O Dy 1, 2 hours after the injury and PBM, the SLG
exhibited more newtrophils than the other groups (Krss.
kal-Wallis with Dunn post hoe test, P < 0.05) Fig. 1). On
Dy 3, the eontrol group had the highest neutrophi count
(P 005), From Day 8 onwand, the neuwtrophil count

Antigen Antibody Dilution Hetrioval

Neoutrophil {neutrophil clostase)  Anti-elostose (ohom cat 68672} 13500 Popsin, mom temperatume, 15 minutos
Pan macrophages (M1 and M2} AntiCDEE (aboam cat 31630} 1:1000  Citrate bufier, pH 6.0, 100°C, 15 minutes
M2 macrophages Anti-CO206 beam cat 885000 1:350 Citrate bufler, pH 8.0, 100°C, 15 minutes
T ymphocytes Anti-C03 dahcam cat56940) L300 Citrate bufier, pH 6.0, 100°C, 15 minutes
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CG SLG FLG

Neutrophils

3
5 %
" R
» ] C] e e o
Fig. L. Ph irographs of phil count; Its expressed a5 moan = SD; Prodominance of
neutrophils in SLGon Day 1; Significantly hilsin OG on Day 3, Progremsive docressein

neutrophi] countsimilar in all groups h.émunnqswwmnmmmm.pmm
tast), CG, control group, SLG, singledoss laser group; FLG, frastionated dose laser group.

The T lymphocyte (CD3+ cells) count was similarin all  Dunn's post hoc test, P <0.05). l"romDaySouwntd.nl
groups throughout the experiment, with no statistically groups exhibited similar ts (Fig. 3),
significant differences (Fig 2). M2 macmphages were identified using the CD206

The total macmphage count, which was identified by the ptor antibody. The SLG exhibited more M2
panmacrophage marker CD68 antibody, demonstrated macrmophages than the CG on Day 8 P <0.05). Interest-
that all groups exhibited a similar quantity of macro-  ingly, the FLG exhibited mare macrophages than CG on
phages on Day 1L The SLG exhibited more macrophages  Day 10 (P<0.05). Similar counts among the different
than the other groups on Day 3 (Kruskal-Wallis test with  groups were found on all other evalustion days (Fig 4.

T Lymphocytes

. " " L1 - "

Fig. 2. T lymphocyte (CDA + cdlks) count; Rasults axprassed as mean = SD; similarity ameng all
mp throughaut experiment (Kruskal -Wallis test with Dunn'’s post hoe test), CG, control group;
SLG, single-dose laser group, FLG, fractionated -doae laser group.
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cG 3G FLG

Total Macrophages

;é;

Fig. 3. Photomicrograph of CDE8 4+ eolls comnt (pan macrophage marker); Remilts expremed 2o
mean = SD; SL.Gaxhitated higher total macrophage count (P < 0.05) on Day 4. Similar mactophage
count in all groups at other evaluation times (Kruskal-Wallis test with Dunn's post hoe tast); CG,
contral group; SLG, angle-dome laser group;, FLG, fractionatad. dose lasar group.

((D&quﬂeﬂu&(ﬁmmmhk az mean = SD; SLG
b 2N thnGiquS(?-:om FLG axhibited more
ntidnf ha g thn(!}unqm@c(l.w No agnificant difforences in M2

maMm.mmp @ other evaluation days (Kruskal-Wallis teat with Dunn's post
hoe test); CG, control graup; SLG, dngle-dose lamr group; FLG, fractionated doae laser group.
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DISCUSSION

The present study shows that PEM modulates the
exrisional wounds and enhances M2 macrophage differen-
tintion. Based on the conditions of this study, asinge dose
vuf-l-n.I"m.!prw\d 1o b n more effect e manmer to atiract
nestrophils and macrophages than four doses of 1J/em®,
indicating that the light delivery method ot the beginning
of the inflammatory cascade is crucial to triggering an
enhanosd cell response and that 1Jem® s a sub-optimal
dose for dinbetic wound healing.

Neutrophils responded promptly to the loser therapy at
a Auvency of 4Jem® immediately after injury, with a
significant decrense in mumber on Day 3. In contrast, the
G demonstrated a peak in neutrophils on Day 3, but with
fewer cells than those found in the SLG. This is an
impartant finding, as the largest amount of neutrophils i
found in the Hssue of normoglycemic individuals about
4 hours after injury (211 However, under dinbetic con-
ditions, these cells take more time to arrive ot the njury
site and stay for a longer period, releasing protenses that
contribute to the daronicity of the wound [4,5]. Thus, the
fact that PEM enhanoed the neutrophil ommt but these
vells ledt the injury site from Day 3 onward is important in
arder to avoil wnnecssary proinflimmatory simulus

Studies with an arthritis madel [15), and ﬁ.ma',aldmm-e
made] [16] have fiund that lnser therapy can improve
the chemotaxis of nestrophils. Howewer, the results in
thee literature on diabetic models are conflicking. Hillk et al.
(2014) performed a semi-quantitative morphological anak
yuis of the nestrophil count in diabetic wounds treated
with PEM and found significantly lwer mfiltration in
the irmdiated group [22], wheress [19 found that FEM
wins unnhle to improve neutrophil chemotaxis an Day 4.
Both studies fuiled to nwestgate the initial 4hours after
injury, which is the mast important time for studying
the diapedesis of newtrophils (18], In addition, ol analysis
was purely morphological with no use of sensitive
technigues, such as immumohistochemistry.

T eells are an important part of the innate immuone
response in injured skin, In the present study, laser
therapy did not simulate the recruitment of these cells.
Furtherstudies should be conducted to inwestgate other T
vells present as regulatory T'eells (T regs—CD4 + FOXFS +)
and the CD4C DA ratio.

Although, macrophages are crucial to normal wound
healing, the dysregulation of their functionoould contrilu te
to impaired Hssue repair in patients with diabetes [6-9].
The present imvestigation shows that FEM at a fluency of

precinflammatory wound emdmoment and poor healing
response [6,7]. In the present shady, initial photobiomo-
dulation wsing 4 Jem® serbsd an impact on M2 maero-
phage polarzation on Day 8 md the fractionated sub-
aptimal doses of 1Jd/em”, despite not affecting the total
mumber of macrophages, also led to an incrense in the
M2 macrophage count on Day 10. Thess are important
findings that can help clarify the mechanisms by which
laser t herapy improves wound healing, especially dinbetic
wounds, M2 macrophages produee TGF-f, which is
resspo s bl fior the conversion of fibroblasts into myofibro-
hlusts and incrensing the contracti ity of the wound, which
is impaired in individunls with dinbetes [23].

Althoagh, many factors likely contribute to the macro
phage dysfunction foumd in ndividuals with diabetes, the
incrense in the amount of the pro- inflammatory cytok ines
interferon gamma and IL-10, albng with a decresse in
the amount the anti-nflammeatory 1L-10, may play a
significant role [10]. As macrophages are light-sensitive
cells that can be modulated both in the red light and near
infrared range, FEM may partially restore the balanes of
this microemvironment due to the reduction in inter-
feran [24,25), IL-1 [26] and oxdidative st ress markers [27] in
healing tissues,

Fulop et al., 2008 performed a literature review with
metaranaysis in order to investigate the effect of FEM on
Hssue repair. Both normoglice mic and diabetes conditions
were analyzed and it was found that phototherapy s a
very effectiwe form of treatment for wound healing, with
stronger supporting  evidence resulting from  animal
studies than human studies [13). Howewer, lacks in the
literature studies using the differential count of infAamma-
tory cell (neutmphils, M1 and M2 macrophages, lympho-
eytes) in nommoglycemic animals to compare the results
with diabetic indhdiduals,

In conchision, FBEM can alter the compositon of the
inflammatory infiltmte in dinbetic wounds, leading to a
maore balanced response, transiting from a mpid nestro
phil nfiltration through M2 macrophage polarization.
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