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O Saber

Se alguém nao sabe,
E nao sabe que nao sabe...
E tonto. Fuja dele.

Se alguém nao sabe,
E sabe que ndo sabe...
E humilde. Ensine-o.

Se alguém sabe,
E ndo sabe que sabe...
Estad dormindo. Desperte-o

Se alguém sabe,
E sabe que sabe...
E sabio. Siga-o

Provérbio Chinés
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RESUMO

Objetivos: Este estudo tem por objetivo verificar o efeito biomodulatério pelos lasers
vermelho e infravermelho interferem no processo cicatricial de ferimentos localizados
no ponto de aplicagdo e a distancia deste. Materiais e Métodos:Foram realizados
trés ferimentos circulares, sendo um na regido cranial, um na regido medial € um na
regidao caudal em dorso de ratos. Para este estudo experimental foram analisados 45
animais divididos em trés grupos, onde 15 animais nao foram aplicados nenhum tipo
de laser (Grupol), 15 animais foram aplicados laser infravermelho (Grupo Il) e 15
animais laser vermelho(Grupo Ill). O periodo de observacéao foi de trés, cinco e sete
dias. Assim, cada grupo foi subdividido em trés subgrupos (A; B; C), de acordo com
periodo de observacdo. Para os grupos Il e lll a dose de energia, durante as
irradiacdes foi de 8J/cm? ap6s o término da cirurgia e a cada 48 horas, totalizando,
na dependéncia da época da morte do animal (trés, cinco ou sete dias), duas, trés
ou quatro irradiagdes. Resultados: Houve maior presenca de edema e processo
inflamatdério agudo nos primeiros dias avaliados e quantitativamente ndo houve
diferenca estatisticamente significante no percentual de redu¢do das feridas intra e
inter-grupos. Conclusodes: A fototerapia por laser de baixa poténcia infravermelha
apresentou um efeito biomodulatério positivo nos periodos iniciais de cicatrizagao e
reparo em feridas no dorso de ratos. A fototerapia por laser de baixa poténcia
vermelha apresentou, nos periodos iniciais analisados, maior processo inflamatério
agudo, o que pode ser devido ao menor comprimento de onda que atinge as
camadas mais superficiais da ferida.

Palavras chave: Terapia fotodindmica, reparagao tecidual, modelo animal,
angiogénese.



1 INTRODUGAO

O processo de reparo de feridas é um fenémeno bioldgico fundamental, e que
abrange todos os aspectos de proliferagdo celular, diferenciagdo celular, sintese e
secrecdo de proteinas, proteoglicanos e outras substancias extracelulares, assim
como a inflamag&o em seus varios parametros. Apresenta complexidade biologica e
bioquimica e seu inicio ocorre logo apés a injuria’.

O reparo de ferimentos em tecidos moles é dividido em trés fases:
inflamatdria, proliferativa e de maturacdo. A fase inflamatéria € traduzida pelo
aumento na permeabilidade capilar e afluxo de células sanglineas para a regido da
ferida. Durante a segunda fase, os fibroblastos afluem para o local da ferida e s&o
acompanhados por notavel proliferacdo endotelial. A ultima fase, por sua vez,
corresponde & migracao epitelial’.

O efeito de biomodulacédo propiciado pelo Laser em baixa intensidade tem
sido estudado desde os seus primérdios quando os primeiros estudos da
aplicabilidade bioldgica do laser se iniciaram?. A maioria das pesquisas in vivo
demonstra a agdo do laser ndo-ablativo sobre a sintese e a remodelagdo de
colageno, o numero de fibroblastos, o diametro e a forca de tragdo das feridas
tratadas, a viabilidade dos enxertos tratados, a vascularizagao, a vasodilatagdo, o
sistema linfatico, os efeitos antibacteriano e imunoldgico, assim como o0s seus
efeitos sistémicos®.

Estudos foram realizados para definir a dose ideal no tratamento de feridas
cutaneas no dorso de ratos. Utilizaram, ainda, diferentes lasers com distintos
comprimentos de onda®*. Os comprimentos de onda ( A ) de 660nm, 820nm e 870nm

estimulam os macrdéfagos a liberar fatores que promovem uma maior proliferagcao de
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fibroblastos. No entanto, o laser com A =880nm inibe a liberagcao de tais substancias
estimuladoras da proliferagdo celular®.

Com efeito, a terapia fotodindmica através do laserterapia de baixa poténcia
pode apods estudos comprovados em animais ser complementar em seres humanos
8 Portanto apesar dos resultados conflitantes observados na literatura cientifica
apresentada em todos estes anos, € de suma importancia que pesquisas neste
campo sejam de carater minucioso e criterioso visando reduzir potenciais vieses e
direcionar de forma mais coerente a aplicacdo ou ndo do laser em situacoes
especificas. Assim a comunidade cientifica contribuira de maneira significativa para
a aplicabilidade clinica do laser de baixa poténcia como método seguro, eficiente e
eficaz no reparo de feridas cirurgicas.

Esta pesquisa objetivou verificar se os lasers (vermelho; infravermelho)
podem interferir na cicatrizagao de ferimentos localizados no ponto de aplicagao e a
distncia deste, e se existir, qual tipo de irradiagdo apresenta melhor efeito

biomodulatério em feridas padronizadas no modelo animal rato.

2 METODOLOGIA

Esta pesquisa respeita os principios éticos da experimentacdo animal, bem
como as normas para a pratica didatico-cientifica da vivisseccdo dos mesmos, de
acordo com a Lei 11.794/2008 (Brasil). A pesquisa foi aprovada pelo CEUA-PUCRS

sob protocolo 10/00170.

O modelo animal utilizado foi rato albino da espécie Ratthus norvegicus,
classe Mammalia, ordem Roedentia, da linhagem Wistar, macho, com peso variando

de 200 a 250 gramas, clinicamente sadio. Durante o periodo experimental, os
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animais foram alimentados com dieta sélida, exceto nas primeiras 24 horas apos a
intervencao, e agua ad libitum.

Os animais foram selecionados aleatoriamente, pesados e divididos em trés
grupos distintos (I; II; Ill), com quinze animais em cada um, totalizando 45. Os
espécimes foram mantidos em gaiolas plasticas, com cobertura metalica e assoalho

forrado por serragem de pinho.

Em todos os grupos, o periodo de observagao foi de trés, cinco e sete dias.
Assim, cada grupo foi subdividido em trés subgrupos (A; B; C), de acordo com
periodo de observagao. As gaiolas receberam etiquetas, durante todo o periodo de
estudo, conforme o grupo ao qual pertenceu cada animal. Para a identificagdo dos
animais, foram utilizadas marcacbes na cauda, realizadas com caneta de tinta

permanente, onde o niumero de marcas indicou 0 numero do respectivo animal.
Procedimento cirdrgico

Previamente ao ato cirurgico, os animais foram submetidos a anestesia geral
através da injecao intraperitonial, contendo 0,025 ml/100g de peso corpéreo do
animal, do sedativo, analgésico e relaxante muscular Cloridrato de Xilazina 2% e
0,05 ml/100g de peso corpéreo do animal do anestésico geral Cloridrato de
Ketamina 10%. Apds a anestesia, os animais foram submetidos a tricotomia da
regido dorsal, por arrancamento dos pélos. A assepsia da regiao foi realizada com
Digluconato de Clorexidina a 2%. A area operatéria foi isolada com campo cirurgico
fenestrado de TNT (tecido nao-tecido) esterilizado, adaptado ao procedimento. O
punch metalico com 1cm de didmetro e com ranhuras de 1mm em sua superficie
para marcacao da profundidade de penetracéo foi posicionado perpendicularmente a
superficie da pele, na regido tricotomizada, junto a linha média e préximo a cabecga

do animal, promovendo-se movimentos giratérios para facilitar a penetragdo da



5
lamina a uma profundidade de 1mm, com um didametro de 1cm, correspondendo as
medidas do instrumental utilizado. Posteriormente, a 1amina de bisturi de n°® 15,
associada com a pinca tipo Adson-Brown, foi usada para remover, delicadamente, a
quantidade de tecido necessario a producao de uma lesdo de 1mm de profundidade
e 1cm de largura, sendo tal procedimento repetido a uma distdncia de 7cm da

primeira ferida e novamente a 7cm da segunda (Figura 1 A e 1 B).

O grupo | foi utilizado como controle e nao foi irradiado com laser.

No grupo Il foi utilizado o laser infravermelho (GaAl)As, com poténcia de
50mW e comprimento de onda de 830nm, com emissao continua.

No grupo Il foi utilizado laser vermelho (In-Ga-Al-P) com A de 685 nm,
diametro=0,2 mm?, no modo pontual e emissdo continua.

Para os grupos Il e Ill a dose de energia, durante as irradiagdes foi de 8J/cm?
apos o término da cirurgia e a cada 48 horas, totalizando, na dependéncia da época
da morte do animal (trés, cinco ou sete dias), duas, trés ou quatro irradiagdes.

Em todos os grupos que receberam aplicagbes de laser padronizou-se que
somente a ferida proxima a cabega recebesse irradiagcdo. Também ficou
estabelecido que a aplicacao seria de forma pontual no centro do ferimento.

O laser LASER THERA LASE® (DMC Equipamentos S3o Paulo, Brasil) foi
aplicado seguindo as regulamentagdes brasileiras, em local isolado, com caracteres
e simbologia internacionais para area em uso ou presencga de radiagao, observando-
se os procedimentos de seguranga recomendados para tratamento com luz laser
apos esses procedimentos, os animais foram mantidos em condi¢cdes adequadas de
temperatura (25°C), umidade e ventilagdo, bem como foi anotadas as datas da

cirurgia e das irradiagdes.



6
Para a obtencdo das amostras, os animais foram mortos aos trés, cinco e

sete dias de pds-operatério, respeitando as normas expressas na Lei Arouca vigente

no Brasil (Lei 11.794/2008).

As trés lesbes estabelecidas por animal foram dissecadas em forma de uma
elipse, com uma lamina de bisturi de n° 15, estabelecendo-se uma margem de
seguranga para nao danificar a pe¢a. O material removido foi fixado em solugéo de
formalina tamponada a 10%, durante 48 horas. Cada recipiente foi identificado com
0 numero do animal e o do grupo e sua zona respectiva (1 — cranial; 2 — medial; 3 -

caudal) totalizando 135 amostras.

Apos o periodo de fixacdo de 48 horas, os espécimes de tecidos foram
processados, de acordo com a rotina para inclusdo em parafina.

Os blocos submetidos a inclusdo foram identificados e submetidos a
microtomia com cortes de 5 um foram assim destinados a técnica de coloragao
histolégica HE. A cada 20 laminas observadas, o examinador repetiu, individual e
separadamente, a observacéo de 10 laminas, comparando as medidas obtidas entre
ambas as observacgdes e aplicando o teste Kappa intra-examinador a fim de verificar
a veracidade das medidas. Para quantificar o grau de concordancia para os
resultados dos testes Kappa aplicados.

Foi utilizado um microscopio da marca Olympus BX® 50 F3, com uma ocular
de 10X de aumento e objetivas de 3,2X e 10X de aumento. As laminas foram
identificadas com um codigo para garantir que, durante a leitura, o examinador
desconhecesse a qual grupo pertencia cada lamina observada.

Por serem representativos do processo de cicatrizagcao, estabeleceu-se como

critérios de avaliacdo: presengca ou nao de, edema, hemorragia, hiperemia
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Jinfécitos, neutrdéfilos, fibroblastos, necrose e corpo estranho, de acordo com os
seguintes critérios:

Edema: presente ou ausente (valor O, valor 1), observado pela presenca de
liquido extracelular e pelo maior espagamento entre os constituintes do tecido
analisado; Hiperemia: contagem do numero de vasos sanguineos abertos, onde
atribuiu-se o valor 1 (um), ou seja, hiperemia leve, atribuiu-se o valor 2 (dois) ou
hiperemia moderada, atribuiu-se o valor 3 (trés), ou seja, hiperemia avangada; se
nao forem observados vasos sanguineos abertos, atribuiu-se o valor 0 (zero),
correspondente a auséncia de hiperemia; Hemorragia: presente (valor 1) ou
ausente(valor 0), caracterizado pela presenca de pelo menos 1(uma) hemacia fora
do interior dos vasos sanguineos;células inflamatérias (neutréfilos e linfocitos),
sendo estabelecido o seguinte critério: se o numero de neutréfilos/linfocitos
corresponder até 10% sobre o total da area analisada, atribuiu-se o valor 1(um), ou
seja, resposta celular inflamatéria leve; se o numero de neutréfilos/linfocitos
corresponder até 50% sobre o total da area analisada, atribuiu-se o valor 2 (dois) ou
resposta celular inflamatéria moderada; e se o numero de neutrdéfilos/linfécitos
corresponder a mais de 50% sobre o total da area analisada, atribuiu-se o valor 3
(trés), ou seja, resposta celular inflamatdria avangada; Fibroblastos: considerou-se a
morfologia celular dos fibroblastos, onde se verificou a disposigcdo das mesmas em
relagdo a camada basal do epitélio; sendo consideradas 2 situacdes: fibroblastos
paralelos ou perpendiculares a camada basal do epitélio, onde a primeira foi
sugestiva de maior produgao de fibroblastos, melhor qualidade e maior tempo
cicatricial, e, a segunda, de menor producado de fibroblastos, qualidade inferior e
menor tempo de cicatrizagdo; Corpo estranho: presenca ou auséncia; ndo era

esperada a presenca de corpo estranho nas amostras; entretanto, como a ferida



8
ficou exposta ao meio, encontrou-se corpo estranho em apenas uma amostra;
Necrose: presente ou ausente; este item foi observado através da perda da
seletividade tintorial e perda da morfologia celular.

Para a realizagcado da Histomorfometria cada lamina foi fotografada junto ao
Idéia-PUCRS, onde inicialmente padronizou-se o tamanho da ferida cirurgica de
10mm, em pixels (Figuras 1 A e 1 B), e, para tanto, fotografou-se com um gabarito
para que o mesmo fosse a matriz da distancia entre os dois pontos da ferida
cirurgica. Para obtencdo das imagens dos cortes histolégicos foi utilizado um
Estereomicroscépio marca DF Vasconcellos, modelo MC-M31 equipado com uma
objetiva de 300 mm de comprimento focal e com o revélver de aumentos na posigcao
16X o que corresponde a um aumento de observacado de 6,5X. A cadmera de video
Digital utilizada foi uma Motican 2500 e a captura das imagens com 5 mega pixels.
Tomamos como referéncia um objeto com dimensbes conhecidas (padrao de
calibragdo) e com esse padrao o software foi devidamente calibrado. Assim sendo,
foi traduzido o intervalo de uma determinada quantidade de pontos em medida. Apés
a calibragdo a cada intervalo de medida entre dois pontos nas imagens capturadas
de cada lamina, o software traduziu a quantidade de pontos em medida. Para
avaliagao do processo inflamatério avaliou-se resposta cronica inflamatéria através
da presenca de centros necréticos, formagao de matriz através da proliferagao de

fibroblastos e deposic¢ao de fibras colagenas.



Andlise estatistica

Foram analisados os testes de Kolmogorov-Smirnov e de Kruskal-Wallis
para a comparagao de mais de dois grupos independentes, em uma analise nao-
paramétrica. Para analise dos dados obtidos foi constituido um modelo de analise de
comparagao das meédias, onde foi observado o efeito experimento: comparagao
entre os grupos experimentais e o controle; o efeito tempo: comparagéo entre os
periodos de trés, cinco e sete dias; o efeito localizagdo: comparacédo entre as
localizacbes dos ferimentos; o efeito apenas entre as feridas cranial e caudal dos

grupos experimentais: comparacgao entre grupos, locais e tempos.

3 RESULTADOS

3.1 Andlise qualitativa dos fatores inflamatérios entre as feridas comparadas
intra e inter-grupos controle, irradiados por laser infravermelho e irradiados
por laser vermelho

ApoOs a confecgdo das amostras analisou-se individualmente cada corte
histologico correspondente a cada ferimento e foi realizada uma analise descritiva
para se verificar o nivel e o padrdo inflamatério em cada grupo. No grupo controle,
observou-se que houve um padrdo inflamatoério leve nos trés periodos avaliados.
Observou-se um padrao agudo e avangado nos periodo de 3 dias e cronico entre 5 e
7 dias com presenca predominantemente de linfocitos nas feridas cranial, medial e
caudal. No grupo I, onde foi aplicado o laser infra-vermelho (830nm), observou-se
um padrao de processo inflamatorio leve nos primeiros dias, na regido cranial, com
predominancia de processo inflamatério crbnico e presenca de linfocitos e

neutréfilos. Houve presengca de até 10% de infiltrado inflamatorio, com

predominancia de linfocitos para a ferida cranial, neutréfilos para a ferida medial e
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linfécitos para a caudal e um padrao misto entre o moderado e avangado nas feridas
cranial, medial e caudal tanto para as aplicacdes no periodo de 3 dias, quanto para
os de 5 e 7 dias. No grupo lll, onde foi aplicado o laser vermelho (685nm) foi
observado um padrao inflamatério leve nos periodos de 3, 5 e 7 dias na ferida
cranial, com presencga predominante de neutrofilos. Na ferida medial observou-se um
padrao equanime de presenca de neutrdéfilos/linfocitos e um nivel inflamatdrio
avancado para os periodos de 3, 5 e 7 dias. Na ferida caudal observou-se maior
presenca de linfécitos durante os 3, 5 e 7 dias e uma maior presenga de processos
inflamatdrios crénicos, porém, ocorreu a presenga de graus inflamatérios moderados
e avancgados ocorreram de maneira equanime.

Em seguida foram realizadas comparag¢des entre os fatores quantitativos e
qualitativos intra e inter-grupos controle, laser infra-vermelho e laser vermelho nos
trés periodos avaliados. No grupo de 3 dias nenhuma comparagdo foi
estatisticamente significante quanto ao edema, sendo que, no ferimento cranial, ndo
se observou diferenga entre os grupos (cranial, p=0.667, medial, p=0.333, caudal,
p=0.667). No periodo de 5 dias néo foi observado nenhum resultado significante
quanto ao edema, sendo o ferimento cranial, p=0.352, o medial, p=0.667 e o caudal,
p=0.648. No periodo de 7 dias, também nao se observou nenhuma diferenca
estatisticamente significante nas comparagbes, sendo cranial, p=0.132, medial,
p=0.352 e caudal, p=0.333.

Quando comparou-se o fator hiperemia, no periodo de 3 dias nenhuma
comparagao foi estatisticamente significante, sendo que (cranial,p=0.323, medial,
p=0.570, caudal, p=0.317). No periodo de 5 dias nado foi observado nenhum
resultado significante quanto ao edema, no ferimento cranial, p=0.338, medial,

p=0.207 e caudal, p=0.448. No periodo de 7 dias, também nao se observou
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nenhuma diferenca estatisticamente significante nas comparacgées, sendo cranial,
p=0.093, medial, p=0.564 e caudal p=0.338.

Ao comparar-se o fator hemorragia, no periodo de 3 dias nenhum resultado
foi estatisticamente significante, no ferimento cranial, ndo observou-se diferencga
entre os grupos (cranial, p=0.667, medial, p=0.352 e, no caudal, ndao foi possivel
calcular).

Para o periodo de 5 dias nao foi observado nenhum resultado significante,
sendo no ferimento cranial, p=0.352, no medial, p=0.370 e no caudal, p=0.370. No
periodo de 7 dias, também nao foi observada nenhuma diferenca estatisticamente
significante nas comparagdes, sendo cranial, p=0.370, medial, p=0.667 e caudal
p=0.648.

Ao comparamos o fator grau de inflamacgao para o periodo de 3 dias, ndo se
observou nenhum resultado estatisticamente significante, sendo que, no ferimento
cranial, ndo se observou diferenga entre os grupos (p=0.414, medial, p=0.136,
caudal, p=0.609). No periodo de 5 dias nao foi observado nenhum resultado
significante, sendo o ferimento cranial, p=0.423, o medial, p=0.600 e o caudal,
p=0.270. No periodo de 7 dias, também nao se observou nenhuma diferenca
estatisticamente significante nas comparagbes, sendo cranial, p=0.238, medial,
p=0.406 e caudal p=0.290.

Ao se comparar tipo de fibroblastos, no periodo de 3 dias ndo se observou
nenhum resultado estatisticamente significante, sendo que, no ferimento cranial, ndo
se observou diferenga entre os grupos (cranial, p=0.179, medial, p=0.179, caudal,
p=0.630). Para o periodo de 5 dias nao foi observado nenhum resultado significante,
sendo o ferimento cranial, p=0.333, o medial, p=0.333 e o caudal, p=0.648. No

periodo de 7 dias, observou-se diferenca estatisticamente significante nas
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comparagoes, sendo cranial, p=0.040 e nao significante nas regides medial, p=0.382
e caudal p=0.167. Ao se comparar a presenca ou nao de corpo estranho, no periodo
de 3 dias, ndo se observou nenhum resultado estatisticamente significante, sendo
que, no ferimento cranial, ndo se observou diferenga entre os grupos (regido cranial,
p=0.333 , regidao medial, p=0.333 e caudal, p=0.095). Para o periodo de 5 dias, nao
foi observado nenhum resultado significante quanto ao edema, sendo apenas
possivel comparacéao estatistica sobre o efeito no ferimento medial, p=0.333.

O fator necrose, nas comparagoes entre o periodo de 3 dias nao permitiu
observacdo de nenhum resultado estatisticamente significante, sendo que, no
ferimento cranial, ndo se observou diferenga entre os grupos (cranial, p=0.370 e
medial, p=0.333), sendo apenas estatisticamente significante no ferimento caudal,
p=0.022. No periodo avaliado de 5 dias nao foi observado nenhum resultado
significante, sendo o ferimento cranial, p=0.648, o medial, p=0.333 e, no ferimento
caudal, ndo houve possibilidade de analise estatistica.

Para o periodo de 7 dias, ndo observou-se diferenca estatisticamente
significante nas comparacgdes, sendo cranial, p=0.333, nas regides medial, p=0.370

e caudal, p=0.648.

3.2 Andlise comparativa dos valores histomorfométricos entre as feridas
craniais intra e inter-grupos nos grupos controle, com irradiagao infravermelha
e irradiagao vermelha

ApOs analise entre os grupos entre apenas a ferida cranial, ndo houve
diferencas significativas entre as medidas entre os bordos das feridas apds o
periodos de cicatrizacdo em analise. Entretanto, houve diferenca entre 0 3° e 0 7°

dia relativo ao tamanho da ferida. Ao compararmos as feridas cranial vs. caudal,

desconsiderando o efeito tempo para verificarmos se a disténcia entre a ferida onde
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foi aplicado o laser (cranial) e a distancia (caudal) pudessem apresentar diferengas
nos tempos de cicatrizagdo, nao foi observado diferenga significativa propiciado pela
distancia entre uma ferida e outra. Ao analisarmos separadamente em cada grupo a
ferida cranial vs. caudal observamos que no grupo controle o resultado n&o foi
estatisticamente significante (p=0.732), no grupo infravermelho n&o foi
estatisticamente significante mas péde ter havido uma interagdo (p=0.092), e no
grupo com laser vermelho também nao apresentou diferenga significante (p=0.846).

Ao considerarmos o efeito tempo no grupo controle ndo observamos diferenga
estatisticamente significante no grupo avaliado durante o periodo de 3
dias(p=0.155), 5 dias (p=0.443) e 7 dias (p=0.959). No grupo irradiado com laser
infravermelho ndao observamos diferenga entre as medidas nos tempos em 3 dias
(p=0.208), 5 dias (p=0.974) e 7 dias (p=0.183). No grupo irradiado com laser
vermelho ndo encontramos diferenga estatisticamente significante no tempo em 3
dias(p=0.243), encontramos diferencga estatisticamente significante no periodo de 5

dias (p=0.016) e néao significativa no periodo de 7 dias (p=0.972).

3.3. Andlise comparativa entre as medidas histomorfométricas das feridas
cranial vs. caudal entre os grupos irradiados com laser infravermelho e laser
vermelho

Quando comparamos os valores das medidas histomorfométricas entre os
bordos das feridas irradiadas pelo laser infravermelho com as irradiadas pelo laser
vermelho no periodo de 3 dias ndo foi encontrado diferenga significativa,
respectivamente com p=0.956 e p=0.909.

Quando analisamos o periodo de 5 dias ndo houve diferenga estatisticamente

significante entre as feridas cranial vs. caudal, respectivamente p=0.643 e p=0.075,

porém este valor pode sugerir uma interacdo. Apds os 7 dias também n&o houve
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diferenga estatisticamente significante, com p=0.848 e p=0.185. Entre os grupos as

comparagdes entre o tamanho das feridas cranial vs. caudal ndo apresentaram

diferengcas na redugdo de seu tamanho, mostrando que independe do grupo

analisado. Quando se avaliou o tamanho da reducéo da ferida entre os grupos nao

houve diferenca significativa, p=0.254, bem como entre os tempos, p=0.652. Nao

houve interac&o entre os grupos vs. dias mostrando que independe do laser aplicado

e do tempo, com p=0.095. Portanto, para o tempo utilizado neste estudo nao foi

possivel observar alteragdes significativas entre as medidas craniais e caudais.

Figura 1 - Procedimento experimental. (A) feridas nas regides cranial, medial e
caudal. (B) As feridas foram realizadas através de movimento circular.

Tabela 1- Médias dos valores das medidas histomorfométricas (mm) entre as bordas
das feridas nos grupos controle, infravermelho e vermelho durante 3, 5 e 7 dias.

G1 G2

G3

Dias cranial medial caudal | cranial medial caudal

cranial medial caudal

7.5+1. 8.5+2. 7.5%1. 7.0%1. 6.5%1.
3dias 6.8%1.8 4 1 0 2 3

6.9+0. 6.3%1. 6.4+1. 5.0+0. 6.4+1.
5dias 6.1+0.8 8 5 0 7 1

5.1+0. 6.4+0.

3 7.5+1.6 9

5.810. 7.520.

4 6.7+0.3 3

6.9+1. 6.9+0. 6.0+0. 4.7+1. 4.8+0. 5.4+1. 6.1+1.

7 dias 6.1+1.3 1 8 7 2 9

7 6.1+£0.4 7
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G1:grupo controle; G2:laser infravermelho; G3:laser vermelho; os valores estdo expressos
em média e desvio padrio.

Figura 2 - Fotomicrografia das amostras (bar=40x) fixadas com hematoxilina-eosina nos
3 grupos analisados. Todas as imagens mostram as feridas craniais, nos 3 5 e 7 dias.
(A,B,C) grupo controle (l); (D,E,F) grupo irradiado com laser infravermelho (ll); e (G,H,l)
grupo irradiado com laser vermelho (lll). Observar intensa atividade inflamatéria no 5
dia no grupo com laser infravermelho e vermelho.
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4 DISCUSSAO

A terapia fotodindmica mediante por laser de baixa poténcia apresenta
inimeras indicagdes e aplicagdes mostrado mediante a varios estudos prévios
apesar dos resultados ainda contraditérios presentes na literatura. As razbes sao
diversas, pois envolvem variagdes nos periodos de tempo avaliados, area irradiada
e frequéncia, tipo de laser irradiado (pulsatil vs.continuo) e diferentes modelos
animais estudados.*

O objetivo deste estudo foi investigar o efeito local e a distancia através da
fototerapia por laser infravermelho (830 nm) e vermelho (685 nm) em feridas no

dorso de ratos.
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Os achados no presente estudo ndo demonstraram que a irradiagdo com
doses de 8 J/cm? possibilitasse uma associacdo positiva na reducdo das distancias
entre as bordas das feridas nos grupos irradiados no modelo animal rato.>"" Ainda é
observado na literatura que os resultados se mostram muito contraditorios quando é
analisado as propriedades do laser de baixa poténcia, bem como seu efeito
bioestimulatério ou inibitério devendo haver cuidado nas interpretacbes dos
resultados obtidos*'%'%"3 A variabilidade dos comprimentos de onda utilizados,
diferentes poténcias, diferentes doses e diferentes tempos de analise contribuem
para estes resultados’.

Neste estudo optou-se pela aplicacdo do laser na regido cranial por ser mais
inervada e vascularizada com o objetivo de se obter um maior estimulo em sua
cicatrizacdo, bem como as feridas distantes do ponto de aplicacdo. Assim poderia
induzir uma maior biomodulagao tanto local quanto a distancia nas feridas mediais e
caudais, porém este efeito ndo foi significante quando comparados os valores das
medidas inter-grupos. Os resultados ndo mostraram nenhuma diferenga no que se
refere ao periodo de cicatrizagdo ou a formacédo de crosta. Durante o periodo de
observacado, nenhuma ferida apresentou sinais de infecgdo. O exame histolégico
também nao mostrou diferenga morfoldgica ébvia entre as feridas tratadas e as nao-
tratadas que o uso da laserterapia de baixa poténcia pode melhorar o processo de
cicatrizacdo de feridas.'® Em contrapartida o estudo objetivando comparar o efeito
do laser de baixa intensidade no processo de cicatrizagcdo de ferimentos em ratos
diabéticos e nao-diabéticos utilizando laser de HeNe (A= 632.8nm) de Rabelo,
Villaverde, Nicolau, SalgadoC, Melo e Pacheco'® demonstra que os animais tratados
possuiam processos inflamatérios menos intensos que os animais nao-tratados. Ao

realizarmos a analise descritiva, nossos achados corroboram com os achados
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importantes de outros autores'’ em que no grupo controle houve maior presenca de
infiltrado linfoplasmocitario e discreta presenca de edema e hiperemia.

Ao contrario dos grupos irradiados com laser infravermelho (830 nm) e
vermelho (685 nm) observamos maior quantidade de edema e hiperemia em
estagios moderados e avangados, o que sugere o maior comprimento de onda do
laser infravermelho age nas camadas mais profundas atingindo com mais
intensidade o tecido conjuntivo comparativamente ao laser vermelho que possui
menor comprimento de onda. Etes resultados estdo em acordo aos estudos de
Mendez, Pinheiro, Pacheco, Nascimento e Ramalho' e Weber, Pinheiro, Oliveira,
Oliveira e Ramalho.?

A deposicao de colagenos nos 5 primeiros dias, o que envolveu também o
grupo de 3 dias apresentaram deposi¢cdo de colagenos mais irregular e nas
camadas mais profundas do tecido conjuntivo contrapondo-se a outros resultados
onde foi concluido que as lesbes irradiadas apresentaram reepitelizacdo acelerada
quando comparadas com 0 grupo controle?'.

A derme irradiada continha maior numero de fibroblastos ativos que no grupo
controle, e a radiacado laser reduziu a inflamacao local, além de, aparentemente,
organizar as fibras de colageno nas areas de reparo. Em nosso estudo foi observado
uma redugdao mais expressiva das distancias entre os bordos das feridas nos
intervalos dos periodos entre 3 e 7 dias no grupo irradiado por laser infravermelho
(830 nm) comparado ao laser vermelho (685 nm) corroborando com outros
achados.?*?® Apesar das doses utilizadas em nosso estudo terem sido preconizadas
de acordo com o intervalo entre 1-50 J/cm? , o uso de diferentes doses se deve ao

fato de que até o presente momento nao existe uma conclusao para qual dosimetria
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ha uma melhor dose-resposta tecidual e ainda €& necessario futuras
investigagdes.?*2631,

Isto envolve um complexo mecanismo de reacao tecidual resultante da
absorcdo do laser emitido sob determinadas doses e a sequéncia de eventos que
envolvem todos os processos bioquimicos altamente complexos. Faz-se necessario
que equipes de diferentes especialidades estejam envolvidas neste processo de
analises descritiva, qualitativa e quantitativa relacionados a biologia celular para

assim nortearmos um protocolo onde a laserterapia podera agir de modo mais

eficiente e eficaz.

5 CONCLUSOES

Apesar da nao significancia dos resultados obtidos localmente e a distancia
entre as feridas cutaneas, clinicamente a fototerapia por laser de baixa poténcia
infravermelha apresentou um efeito biomodulatério positivo nos periodos iniciais de
cicatrizacio e reparo em feridas no dorso de ratos. A fototerapia por laser de baixa
poténcia vermelha apresentou, nos periodos iniciais analisados, maior processo
inflamatdério agudo, o que pode ser devido ao menor comprimento de onda que

atinge as camadas mais superficiais da ferida.
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ANALYSIS OF LOCAL AND DISTANT BIOMODULATORY EFFECTS BY RED
AND INFRARED LASERTHERAPY ON CUTANEOUS WOUNDS HEALING ON

THE DORSUM OF RATS

ABSTRACT

Objectives: This study aims to verify whether the red and infrared lasers can
interfere with the healing process of wounds located at the point of application and at
distance. Matherials and methods: Three circular wounds were conducted, one in
the cranial region, another one in the medial region and a third one in the caudal
region on the dorsum of rats. For this experimental study 45 animals, divided into
three groups, were investigated: in 15 animals any kind of laser was applied; in 15
animals infrared laser was used; and in 15 animals red laser was used. The
observation period was three, five, and seven days. Thus, each group was divided
into three subgroups (A, B, C) in accordance with the observation period. For groups
Il and 11l the amount of energy during the irradiation was 8J/cm? after the surgery and
every 48 hours, totalizing, depending on the time of death of the animal (three, five or
seven days), two, three or four irradiations. Results: We found presence of edema in
the early stages and We found no statistical significance when we compared the
reduction percentual of the healed wounds. Conclusions: Phototherapy by low
power infrared laser showed a positive biomodulatory effect in the early periods of
healing and repair of wounds in the back of rats. The therapy by low power red laser
presented, in the initial periods analyzed, higher acute inflammation process, which

may be due to a shorter wavelength that affects the upper layers of the wound.

Keywords: photodynamic therapy, tissue regeneration, animal model, angiogenesis.
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1 INTRODUCTION
The process of wound repair is a fundamental biological phenomenon, which
covers all aspects of cell proliferation, cell differentiation, synthesis and secretion of
proteins, proteoglycans and other extracellular substances, as well as inflammation
in its various parameters. It presents biochemical and biological complexity and its

onset occurs soon after injury .

The repair of soft tissue injury is divided into three phases: inflammatory,
proliferative, and maturation. The inflammatory phase is understood as the increase
in capillary permeability and blood cell flow to the region of the wound. During the
second stage, fibroblasts flow into the wound site and are accompanied by
remarkable endothelial proliferation. The last phase corresponds to the epithelial

migration .

The biomodulatory effect brought by low intensity laser has been studied since
its beginning when the first studies of the biological applicability of the laser first
started®. Most in vivo researches demonstrate the action of non-ablative laser on
collagen synthesis and remodeling the number of fibroblasts, diameter and tensile
strength of the treated wounds, the viability of the treated grafts, vascularization,
vasodilation, lymphatic system, the immune and antibacterial effect as well as their

systemic effects®.

Studies were performed to define the optimal dose for the treatment of skin
wounds on the dorsum of rats. Different lasers with different wavelengths were also
used*. The wavelengths of 660nm, 820nm, and 870nm stimulate the macrophages to

release factors which promote a greater proliferation of fibroblasts. However, the
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laser A = 880NM inhibits the proliferation of such substances that stimulate cell

proliferation °.

Indeed, photodynamic therapy using low level laser may, after confirmed in
animal studies, be complementary to human being in specific situations®®. Therefore,
despite conflicting results observed in the scientific literature presented in all these
years, it is critical that researches in this field are decaudaled and insightful in order
to reduce potential bias and to direct more consistently the application or not of
lasers in specific situations. Thus, the scientific community will contribute significantly
to the clinical applicability of low power laser as a safe, efficient, and effective method

in the repair of surgical wounds.

This study aimed to verify whether the lasers (red, infrared) can interfere in the
healing of wounds located at the application point and at distance, and if so, to what
type of irradiation the body responds systemically better on standardized wound in

rat animal model.

2 Methodology

This research meets the ethical principles of animal experimentation, as well
as the standards for the didactic-scientific practice of their vivisection, according to
the Law 11.794/2008 (Brazil). The study was approved by CEUA-PUCRS under

protocol 10/00170.

The animal model used was albino rat species Ratthus norvegicus, class

Mammalia, order Roedentia, genealogy Wistar, male, weighing 200-250 grams,
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clinically healthy. During the experimental period the animals were fed a solid diet,

except for the first 24 hours after the intervention, and water ad libitum.

The animals were randomly selected, weighed, and divided into three distinct
groups (I, Il, IIl), with fifteen animals each, totaling 45. The specimens were kept in

plastic cages with metal roof and floor lined by pine sawdust.

In all groups, the observation period was three, five, and seven days. Thus,
each group was divided into three groups (A, B, C) in accordance with the
observation period. The cages were labeled throughout the study period, as the
group to which each animal belonged. For the animal identification, it was used a
caudal marking system, made with a permanent ink pen, in which the number of

marks indicated the animal number.

Surgical Procedure

Prior to surgery, the animals underwent general anesthesia by intraperitoneal
injection containing 0.025 ml/100g of the animal’s body weight of the sedative,
analgesic and muscle relaxant Xylazine hydrochloride 2%, and 0.05 ml/100g of the
animal’s body weight of the general anesthetic ketamine hydrochloride 10%. Once
the anesthesia was applied, the animals were submitted to trichotomy of the dorsal
region by plucking the hair. The sterilization was carried out in the region with
chlorhexidine digluconate 2%. The surgical area was isolated with sterilized
fenestrated surgical drape of TNT (nonwoven fabric), adapted to the procedure. The
metal punch of 1cm in diameter and 1mm grooves on its surface to mark the depth of
penetration was positioned perpendicularly to the skin surface in the trichotomized
area along the median line and around the animal’'s head, promoting rotary motion to

facilitate penetration of the blade at a depth of 1 mm, with a diameter of 1 cm,
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corresponding to the measurements of the instrumentation used. Subsequently, the
scalpel blade No. 15, associated with Adson-Brown forceps, was used to remove
gently the amount of fabric needed to produce a lesion of 1 mm deep and 1 cm wide,
and this procedure was repeated at a distance of 7 cm from the first wound and
again at 7cm from the second (Figure 1 A and 1 B). Group | was used as control and
it was not irradiated with laser. With group Il it was used infrared laser (GaAl)As, with
a power of 50mW and a wavelength of A = 830nm, with continuous emission. With
group Il it was used red laser (In-Ga-Al-P) with A 685 nm, @ = 0.2 mm?, in the

punctual mode and continuous emission.

For groups Il and Ill the amount of energy during the irradiation was 8J/cm?
after the surgery and every 48 hours, totalizing, in accordance with the time of death

of the animal (three, five or seven days), two, three or four irradiations.

In all groups receiving laser applications it was established that only the
wound near the head would receive irradiation. It was also established that the

application would be accurately done in the center of the wound.

The laser LASER THERA LASE® (DMC Equipment S3o Paulo, Brazil) was
applied following the Brazilian regulations, in secluded location, with international
characters and symbols for the area in use or presence of irradiation, observing
safety procedures recommended on the laser light treatment. After these procedures,
the animals were maintained under appropriate conditions of temperature (25°C),

humidity, and ventilation and the dates of surgery and irradiation were recorded.

To obtain the samples, the animals were killed at three, five, and seven days

postoperatively, respecting the rules expressed in Arouca Law in force in Brazil.
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The three established lesions per animal were dissected in the form of an
ellipse, with a scalpel blade No. 15, establishing a safety margin to avoid damaging
the part. The removed material was fixed in buffered formalin solution at 10% for 48
hours. Each container was labeled with the number of the animal and its respective

group and area (1 - cranial, 2 - medial, 3 - caudal), totalizing 135 samples.

After the fixing period of 48 hours, the tissue specimens were processed

according to the routine for paraffin embedding.

The blocks submitted to inclusion were identified and submitted to microtomy.
Incisions of 5 um were thus intended for histological HE staining technique. Every 20
slides observed, the examiner repeated, individually and separately, the observation
of 10 slides comparing the measurements obtained from both observations and
applying the Kappa test intra-examiner, to verify the accuracy of the measurements,

to quantify the level of agreement with the results of the Kappa tests applied.

An Olympus® microscope BX 50 F3 was used, with a 10X increase eyepiece
and objective of 3.2X and 10X magnification. The slides were identified with a code
to ensure that, during reading, the examiner was unaware of which group each slide

observed would belong.

For being significant to the healing process, the presence or absence of
hyperemia, edema, hemorrhage, lymphocytes, neutrophils, fibroblasts, necrosis, and
foreign body was established as the evaluation criteria, according to the following
standards: Edema: present or absent (value 0, value 1); observed by the presence of
extracellular fluid and the greater spacing between the constituents of the examined
tissue. Hyperemia: by counting the number of open blood vessels; if the number of

blood vessels corresponded to up to 10% of the total area examined, it was given the
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value 1 (one), meaning mild hyperemia; if the number of blood vessels matched
between 10 and 50% of the total area examined, it was given the value 2 ( two),
meaning moderate redness; and if the number of blood vessels correspond to more
than 50% of the total area examined, the value assigned was 3 (three), meaning
advanced hyperemia; if no open blood vessels were observed, the value assigned
was 0 (zero), corresponding to absence of hyperemia. Hemorrhage: present (value
1) or absent (value 0), characterized by at least 1 (one) red blood cell outside the
interior of the blood vessel; Inflammatory cells (neutrophils and lymphocytes), setting
the following criteria: if the number of neutrophils / lymphocytes corresponded to up
to 10% of the total area examined, it was given the value 1 (one), meaning mild
inflammatory cell response; if the number of neutrophils / lymphocytes matched
between 10 and 50% of the total area analyzed, it was given the value 2 (two),
meaning moderate inflammatory cell response; and if the number of neutrophils /
lymphocytes corresponded to more than 50% of the total area examined, the value
assigned was 3 (three), meaning advanced inflammatory cell response. Fibroblasts:
the fibroblast cell morphology was taken into account, in which their arrangement in
relation to the epithelial basal layer was inspected, considering two situations:
fibroblasts parallel or perpendicular to the basal layer of the epithelium, in which the
first was suggestive of higher fibroblast production, better quality, and longer scar,
and; the second, of lower production of fibroblasts, lower quality, and less healing
time. Foreign body: present or absent; it was not expected the presence of foreign
body in the samples; however, as the wound was exposed to the environment,
foreign body was found in one sample. Necrosis: present or absent; this item was

observed by the loss of tinctorial selectivity and the loss of cellular morphology.
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To perform the Histomorphometry, each slide was photographed with the
Ideia-PUCRS, where initially the size of the surgical wound of 10mm was
standardized in pixels, and, therefore, photographed with a template so that it was
the matrix of distance between two points on the wound. To obtain images of
sections a stereomicroscope was used, trademark DF Vasconcellos, model MC-M31,
equipped with focal lens length 300 mm and with the revolving nosepiece in the
position 16X, which corresponds to an increase of 6.5 X in the observation . The
video camera used was a Digital Motican 2500 and the images were captured with 5
mega pixels resolution. An object with known dimensions (calibration standard) was
taken as reference and with that standard the software was properly adjusted.
Therefore, the interval of a certain amount of points under measurement was
converted. After the adjustment, each interval measured between two points on the
captured images of each slide, the software converted the number of points into a
measurement. For the inflammatory process evaluation, the chronic inflammatory
response was assessed by the presence of necrotic centers, matrix formation

through fibroblast proliferation, and collagen deposition.

Statistical Analysis

The Kolmogorov-Smirnov and Kruskal-Wallis tests were analyzed to compare
more than two independent groups, in a non-parametric analysis. For the analysis of
the damage obtained, an analysis model was made in order to compare the means,
in which the effect of the experiment was analyzed: comparison between
experimental and control groups; the effect of time: comparison between the periods
of three, five, and seven days; the effect of location: comparison between the
locations of injuries; the effect between only the cranial and caudal wounds of the

groups: comparison between groups, locations, and times.
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3 RESULTS

3.1- Qualitative analysis of inflammatory factors of the compared wounds intra

and inter-group control, irradiated by infrared laser, and red laser

Once the samples were prepared, each histological section corresponding to
each wound was analyzed individually, and a descriptive analysis was performed to
inspect the level of inflammation and inflammatory pattern in each group. In the
group control, a mild inflammatory pattern was observed during the three periods of
evaluation. A sharp pattern was observed in the first few days and a chronic pattern
from 5 to 7 days with the predominantly presence of lymphocytes in cranial, medial,
and caudal wounds. In group 2, which the infrared laser (830nm) was applied, a
pattern of mild inflammatory process was observed in the early days, in the cranial
region, with a predominance of chronic inflammation as well as the presence of
lymphocytes and neutrophils. Where the laser was applied there was a
predominance of lymphocytes to the cranial wound, neutrophils to the medial wound,
and lymphocytes to the caudal wound, as well as a mixed pattern between moderate
and advanced in the cranial, medial, and caudal wounds to both applications within 3
days and within 5 and 7 days. In group 3, which the red laser (685nm) was applied, a
mild inflammatory pattern was observed for periods of 3, 5 and 7 days in the cranial
wound, with a predominance of neutrophils. In the medial wound an equitable pattern
was observed on the presence of neutrophils and lymphocytes as well as a moderate
and advanced inflammatory level for periods of 3, 5 and 7 days. In the caudal wound
there was a higher presence of lymphocytes during the 3, 5 and 7 days as well as a
higher presence of chronic inflammatory processes; however, the presence of
moderate and advanced inflammatory degrees occurred in an equitable manner.

After performing the histological sections, the quantitative and qualitative factors
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were compared among the control, infrared laser and red laser groups during the
three periods evaluated. In the group of 3 days, no comparison was statistically
significant related to edema, considering the cranial wound, there was no difference
among the groups (p=0.667, medial, p=0.333, caudal, p=0.667). In the period of 5
days, no significant result was observed concerning the edema, with cranial wound,
p=0.352, medial, p=0.667, and caudal, p=0.648. In the period of 7 days, no
statistically significant difference was observed in the comparisons, with cranial, p=

0.132, medial, p=0.352, and caudal p=0.333.

When comparing the factor hyperemia, within 3 days, no comparison was
statistically significant, and in cranial wound, there was no difference among the
groups (p=0.323, medial, p=0.570, caudal, p=0.317). In the period of 5 days, there
was no significant result in cranial wound, p=0.338, medial, and caudal p=0.207,
p=0.448. In the period of 7 days, no statistically significant difference in the
comparisons was observed either, with cranial, p=0.093, medial, p=0.564, and
caudal p=0.338. By comparing the hemorrhage factor, for the period of 3 days, no
comparison was statistically significant in cranial wound, no difference was observed
among the groups (p=0.667, medial, p=0.352, and, in the caudal group, it was not

possible to calculate).

For the period of 5 days, no significant result was observed, with cranial
wound, p=0.352, the medial, p=0.370 and the caudal, p=0.370. In the period of 7
days, no statistically significant difference in the comparisons was observed either,
with cranial, p=0.370, medial, p=0.667, and caudal, p=0.648. By comparing the level
of inflammation, for the period of three days, there was no statistically significant
result, and in cranial wound there was no difference among groups (cranial, p=0.414,

medial, p=0.136, caudal, p=0.609). In the period of 5 days, no significant result was
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observed, with the cranial injury, p=0.423, the medial, p=0.600, and the caudal,
p=0.270. In the period of 7 days, no statistically significant difference in the
comparisons was observed either, with cranial, p=0.238, medial, p=0.406, and
caudal p=0290. When comparing the type of fibroblasts, in the period of 3 days, no
statistically significant result was observed, and in cranial injury, there was no
difference among groups (cranial, p=0.179, medial, p=0.179, caudal, p=0.630). For
the period of 5 days, no significant results were observed, with the cranial injury,
p=0.333, the medial, p=0.333, and the caudal, p=0.648. In the period of 7 days, there
was a statistically significant difference in the comparisons, with cranial, p=0.040, and
no significant difference in the medial region, p=0.382, and in the caudal region,
p=0.167. Comparing the presence or absence of foreign body in the period of 3 days,
there was no statistically significant result, and in the cranial injury, there was no
difference among groups (cranial, p=0.333, medial, p=0.333, and caudal, p=0.095).
For the period of 5 days, no significant results were observed, being possible only to
perform a statistical comparison of the effect in the medial wound, p=0.333. The
necrosis factor, in the comparisons between of 3 days period, no statistically
significant result was observed, and in the cranial wound, there was no difference
among groups (cranial, p=0.370, and medial p=0.333), being statistically significant
only in the caudal wound, p=0.022. In the study period of 5 days, no significant result
was observed, with the cranial wound, p=0.648, the medial, p=0333, and, in the
caudal wound, it was not possible to perform a statistical analysis. For the period of 7
days, there was no statistically significant difference in the comparisons, with the

cranial, p=0.333, the medial, p=0.370, and the caudal, p=0.648.
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3.2 Comparative analysis of histomorphometric values between the cranial
wounds among and within groups in the groups control, with infrared
irradiation and red irradiation

After analysis among the groups between only the cranial wound, there were
no significant differences on the measurements between the edges of the wound
after healing periods under analysis. However, there was some difference between 3
and 7 days regarding to the size of the wound. By comparing the cranial vs. caudal
wounds, despite the effect of time to check if the distance between the wound where
the laser was applied (cranial) and distance (caudal) could present any difference in
healing time, there was no significant difference brought about by the distance
between one and another wounded. When each group was analyzed separately
cranial vs. caudal wound, it was noticed that in the group control the result was not
statistically significant (p=0.732), the infrared group was not statistically significant
but there might have been an interaction (p=0.092), and the red laser group did not
show any significant difference (p=0.846).

By considering the effect of time in the group control, no statistically significant
difference was noticed in the group evaluated during the period of 3 days (p=0.155),
5 days (p=0.443), and 7 days (p=0.959). In the group irradiated with infrared laser, no
difference was observed between the time measurements in 3 days (p=0.208), 5
days (p=0.974), and 7 days (p=0.183). In the group irradiated with red laser, no
statistically significant difference was found in time in 3 days (p=0.243), a statistically
significant difference in 5 days (p=0.016), and not significant in the period of 7 days

(p=0.972).
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3.3. Comparative analysis of the histomorphometric measurements of cranial
vs. caudal wounds between the groups irradiated with infrared laser and red
laser

When the values of histomorphometric measurements between the edges of
the wounds irradiated by infrared laser with the ones irradiated by red laser in the
period of 3 days were compared, no significant difference was found, respectively
with p=0.956 and p=0.909.

When the period of 5 days was analyzed, there was no statistically significant
difference between the cranial vs. caudal wounds, respectively p=0.643 and p=0.075;
however, this value may suggest an interaction. After the 7 days, there was no
statistically significant difference, with p=0.848 and p=0.185. Among the groups the
comparisons between the sizes of cranial vs. caudal wounds showed no differences
in the reduction of their sizes, indicating that the type of group is not relevant. When
the size of reduction of the wound among the groups was assessed, there was no
significant difference, p=0.254, as well as between the times, p=0.652. There was no
interaction between groups vs. days showing that the applied laser and time are not
relevant, with p=0.095. Therefore, for the time used in this study, it was not possible

to note significant changes between cranial and caudal measurements.
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Fig.1. Experimental procedure. (A) wound created by using a punch with 1mm
deep and 10mm in diameter. (B) Wounds were performed by circular motion.

Table 1- Average values of histomorphometric measurements (mm) between the
edges of wounds in the groups control, infrared, and red for 3, 5 and 7 days.

G1 G2 G3

Days |cranial medial caudal | cranial medial caudal [ cranial medial caudal

3days 6.8+1.8 7.5+1.4 85+21 7.5¢1.0 7.0+1.2 6.5+1.3 51+0.3 7.5+1.6 6.4+0.9

5days 6.1+0.8 6.9+0.8 6.3+1.5 6.4+1.0 5.0+0.7 6.4+1.1 5.8404 6.7+0.3 7.5%0.3

7days 6.1+1.3 6.9+1.1 6.9+0.8 6.0+0.7 4.7+1.2 4.8+0.9 54+1.7 6.1+04 6.1+1.7

G1: group control, G2: infrared laser; G3: red laser; the values are expressed as medial and
standard deviation.
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FIG.2. Photomicrograph of the samples (bar = 40x) fixed with hematoxylin-eosin in the 3
analyzed groups. All the images show the cranial wounds in the 3, 5 and 7 days. (A-C) group
control (l); (D-F) group irradiated with infrared laser (ll); and (G-l) group irradiated with red
(I1). Note the intense inflammatory activity in the 5" day in the group with infrared and red
laser.
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4 DISCUSSION

The aim of this study was to investigate the local and distant
effect via phototherapy by infrared (830 nm) and red laser (685 nm) in
wounds on the dorsum of rats. This study was designed and conducted
in accordance with bioethical principles and paradigms recommended
and accepted worldwide, as well as the number of used animals was
limited to 15 animals per group, with 5 animals in each subgroup. The
findings in this study did not show that irradiation with doses of 8 J/cm?
would enable a positive association in reducing the distance between

the edges of wounds in irradiated groups in the rat animal model.®""
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It is still evident in the literature that the results seem to be very
contradictory when the properties of low power laser are analyzed, as
well as its biostimulatory or inhibitory effect, to which careful
interpretation of the final results should be given*'%'2'3 The variability
of the wavelengths used, different powers, different doses, and different
times of analysis contributes to these results. Therefore, to
demonstrate the possibilities of biomodulation offered by laser therapy
both locally and distantly, several factors must be taken into
consideration.™
In this study we opted for laser application in the cranial region for
being a more innervated and vascularized area, with the objective of
obtaining a greater stimulus in its healing, as well as having the wounds
away from the application point. Thus a higher biomodulation could be
induced both locally and distantly in the medial and caudal wounds, but
this effect was not significant when compared to the inter-groups
measurements. The results did not show any difference regarding the
healing or sloughing period. During the observation period, no wound
showed signs of infection. The histological examination showed no
obvious morphological differences between treated and untreated
wounds that the use of low level laser therapy may improve the healing
process of wounds and these results confirm the study of Anneroth et
al., 1999, opposed to another study aiming to compare the effect of low
intensity laser in the process of wound healing in diabetic and non-
diabetic rats, an experiment was performed using HeNe laser (A =

632.8nm) by Rabelo et al. 2006 and it was perceived that the treated
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animals had less intense inflammation processes than the animals that
were not treated.’® '®

When we performed a descriptive analysis, our findings
corroborate the findings of other important authors to which the group
control showed a higher presence of infiltrated lymphocytic and mild
evidence of edema and hyperemia'’. Unlike the groups irradiated with
infrared (830 nm) and red 685 nm laser, we noticed higher amount of
edema and hyperemia in moderate and advanced stages, suggesting
the longer wavelength infrared laser acts on the deeper layers reaching
with greater intensity the conjunctive tissue if compared to the shorter
wavelength red laser. These results are in accordance with studies of
Mendez et al., 200,4" and Weber et al. 200 6%°. The deposition of
collagen in the first 5 days, which also involved the 3-day group showed
more irregular deposition of collagen and in the deeper layers of the
connective tissue, in contrast with the other results which led to the
conclusion that the irradiated Iesions showed accelerated
reepithelialization if compared to the control group21. The irradiated
dermis had a higher amount of active fibroblasts than in the group
control, and the laser irradiation reduced the local inflammation,
besides, apparently, organizing collagen fibers in the repair areas. In
our study, we observed a more significant reduction of the distances
between the edges of wounds in periods of 3 to 7 days in the group
irradiated by infrared laser (830 nm) when compared to red laser (685
nm) corroborating other findings.?? ?* Although the doses used in our

study had been in according to classical studies that have suggested
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the range of 1-50 J/cm? and with variation of the energy densities
recommended previously and the use of different doses is due to the
fact that up to this date there is no clear and definitive definition for
which dosimetry there is a better tissue dose-response and it is still
necessary further investigation.?* 203

Photodynamic therapy using low power laser presents several
directions and applications evidenced by the several previous studies,
although still contradictory results may be found in the literature. The
reasons are diverse, since they involve variations in the periods of time
of the evaluation, irradiated area and frequency, type of irradiated laser
(pulsed vs. continuous) and different animal models in study.>?

Further studies must be performed in order to check the real
mechanism involving wound healing both animal and human model. This
involves a complex mechanism of tissue reaction resulting from the
absorption of laser beam emitted under certain doses and the sequence
of events that involve all highly complex biochemical processes.
Therefore, it is necessary that teams of different specialties are
involved in the process of descriptive, qualitative, and quantitative
analysis related to cell biology so that we may find a protocol in which
laser therapy may act more efficiently and effectively.

5 Conclusions

Phototherapy by low power infrared laser showed a positive
biomodulatory effect in the early periods of healing and repair of
wounds in the back of rats. The therapy by low power red laser

presented, in the initial periods analyzed, higher acute inflammation
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process, which may be due to a shorter wavelength that affects the

upper layers of the wound.
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