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RESUMO 

  

O reparo tecidual em pacientes diabéticos é prejudicado por vários fatores, 

dentre eles a deficiência da secreção de insulina que conduz à hiperglicemia e 

consequente produção de radicais livres. A disfunção mitocondrial tem sido apontada 

como um dos prováveis fatores etiopatogênicos do DM mellitus. Sabe-se que a 

Fototerapia tem efeitos proliferativos em tecidos com algumas patologias. O presente 

estudo teve como objetivo avaliar os efeitos da Fototerapia utilizando-se Laser e LED 

de baixa Potência sobre a regeneração tecidual, estresse oxidativo e marcadores 

mitocondriais em animais diabéticos. Metodologia: 20 camundongos Swiss, pesando 

entre 30g , 6 semanas, para o estudo relacionado ao estresse oxidativo e 20 ratos Wistar 

pesando 250 g, 8 semanas, foram submetidos a indução do DM (injeção de 

streptozotocina 70mg/kg) e após 120 dias de seguimento, sofreram lesão cutânea e foram 

tratados com Terapia Laser de Baixa Intensidade e LED durante 5 dias consecutivos e no 6º 

dia os animais foram mortos e retirada a pele. Um outro grupo de animais (20 ratos Wistar 

pesando 250 g, 8 semanas) foi submetido à irradiação Laser e LED na região do pâncreas 

durante 5 dias consecutivos e no 6º dia os animais foram mortos e retirado o pâncreas, 

fígado e músculos gastrocnêmio. Foram divididos em quatro grupos: Sham (controle 

saudável), NID (diabético não irradiado), DLED(diabético irradiado pelo LED) e DLASER 

(diabético irradiado pelo LED). Mensurou-se níveis de catalase, àcido tiobarbitúrico 

(TBARS), nitrito, conteúdo de colágeno, fator de crescimento endotelial vascular (VEGF), 

Ciclo-oxigenase-2 (COX2) Mitofusin 2 (MFN2), Mitochondrial fission 1 protein (FIS1), 

glicogênio hepático e muscular bem como testes funcionais de glicose e insulina. 

Resultados: Observou-se na pele desses animais, aumento no conteúdo de colágeno e 

angiogênese nos animais diabéticos irradiados pela Terapia Laser de Baixa Intensidade 
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904nm bem como níveis de TBARS e nitrito menores nos diabéticos irradiados. Além 

disso, a expressão da COX-2 foi maior entre NID quando comparados aos grupos SHAM e 

DLED. DLED apresentou os maiores scores em relação a MFN2 e a expressão da FIS1 foi 

maior no grupo DLASER. As Terapias Laser e LED alteraram a expressão de VEGF e 

COX2 e estimularam a proliferação das fibras colágenas maduras em feridas de animais 

diabéticos. Os resultados relacionados à irradiação sobre o pâncreas demonstraram que no 

grupo NID, o conteúdo de glicogênio hepático e muscular foram estatisticamente menores 

que os grupos DLASER e DLED. Somando-se a esses dados, a densidade dos ductos 

pancreáticos e ilhotas pancreáticos diferiram significativamente quando comparados ao 

grupo diabético controle.Constatamos com esses resultados que tanto o Laser de Baixa 

Intensidade quanto o LED obtiveram potenciais efeitos terapêuticos sobre a pele e o 

pâncreas sob condições hiperglicêmicas e que ambas as terapias atuaram modulando 

parâmetros histológicos, angiogênicos e mitocondriais no pâncreas e pele dos animais 

diabéticos. 

Palavras chave: Catalase. Diabetes mellitus. Espécies reativas de oxigênio. Colágeno. 

Óxido nítrico. TBARS. Fototerapia. FIS1. MFN2. 
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ABSTRACT 

 

Tissue repair in diabetic patients is hampered by several factors, including secretion of 

insulin deficiency that leads to hyperglycemia and production of free radicals. 

Mitochondrial dysfunction has been identified as one of the probable factors of DM. It 

is known that phototherapy has proliferative effects in tissues with some pathologies. 

This study aimed to evaluate the effects of phototherapy using laser and low power 

LED on tissue regeneration, oxidative stress and mitochondrial markers in diabetic 

animals. Methodology: 20 Swiss mice (30g, 6 weeks) for the study relating to oxidative 

stress and 20 Wistar rats (250 g, 8 weeks) were subjected to induction of DM 

(streptozotocin injection 70 mg / kg) and after 120 days follow up, suffered skin lesions 

and were treated with Low Level Laser Therapy and LED for 5 consecutive days and on 

day 6 the animals were killed and the skin removed. Another group of animals (20 male 

Wistar rats weighing 250 g, 8 weeks) was subjected to laser irradiation and in the LED 

region of the pancreas for 5 consecutive days and on day 6 animals were killed and the 

pancreas, liver, and gastrocnemius muscle were removed. Animals were divided into 

four groups: Sham (healthy control), NID (non-irradiated diabetic), DLED (diabetic 

irradiated by LED) and DLASER (diabetic irradiated by LED). Levels of catalase, 

thiobarbituric acid (TBARS), nitrite, collagen content, vascular endothelial growth 

factor (VEGF), cyclooxygenase-2 (COX2) Mitofusin 2 (MFN2), Mitochondrial fission 

1 protein (FIS1) liver and muscle glycogen and functional insulin and glucose tests were 

measured. Results: It was observed in the skin of these animals, increase in collagen 

content and angiogenesis in irradiated diabetic animals, TBARS levels and lower nitrite 

in irradiated diabetic. Furthermore, COX-2 expression was higher among NID 

compared to SHAM and DLED groups. DLED showed the highest scores against 
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MFN2 and FIS1 expression was higher in DLASER group. Laser and LED Therapy 

altered the expression of VEGF and COX2 and stimulated the proliferation of mature 

collagen fibers in diabetic animal wounds. About irradiation over pancreas results 

showed that the NID group, hepatic and muscle glycogen content were statistically 

lower than DLASER and DLED groups. Adding to these data, the density of the 

pancreatic duct and pancreatic islets were significantly different when compared to 

NID. These results suggest that both the low-level laser LED obtained as potential 

therapeutic effects on the skin and pancreas under conditions hyperglycemic and that 

both therapies acted modulating histological, angiogenic and mitochondrial parameters 

on pancreas and skin of diabetic animals.  

Keywords: Catalase. Diabetes mellitus. Reactive oxygen species. Collagen. Nitric 

oxide. TBARS. Phototherapy. FIS1. MFN2. 
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INTRODUÇÃO 

 

O Diabetes Mellitus gera altos custos financeiros ao país. O Brasil aparece 

como o 8.º país no mundo com maior prevalência da doença(1). Devido ao 

comprometimento neurovascular, os diabéticos frequentemente sofrem uma perda 

sensorial e pequenas feridas podem se desenvolver em áreas corporais com 

proeminências ósseas (calcanhar, no caso do pé diabético, por exemplo) que evoluem 

para úlceras mais profundas de difícil manejo (2).  

Sabe-se que uma das principais patologias que afetam os diabéticos é a 

cicatrização tardia(3). Deficiências na angiogênese, em particular, podem conduzir ao 

atraso no reparo tecidual (4) e um grande esforço tem sido dedicado para produção de 

novas drogas e outros agentes capazes de promover uma revascularização segura e 

eficaz(5). Em adição à vascularização deficitária encontra-se o estresse oxidativo, que 

pode ocasionar falhas na geração de ATP induzida pela glicose, a diminuição da 

secreção de insulina e um aumento da produção de Espécies Reativas de Oxigênio (do 

inglês:ROS) nas mitocôndrias (6) . 

As mitocôndrias são organelas-chave devido ao seu fornecimento de energia 

a todas as células e participação da maioria dos processos fisiológicos. Essas 

organelas formam uma rede dinâmica dentro da maioria das células e constantemente 

sofrem fissão e fusão para sua própria manutenção. O equilíbrio entre a fusão e fissão é 

importante na manutenção da integridade da mitocôndria e facilita a troca de DNA entre 

mitocôndrias. As proteínas Mitofusin 1 e 2 (MFN1 e MFN2) mediam a fusão da 

membrana externa, enquanto a Dynamin-like 120 kDa protein, 

mitochondrial (OPA1) está envolvido na fusão da membrana interna.(7) Jà a fissão 

ocorre por divisão binária e, uma vez que requerem o DNA mitocondrial para a sua 

https://en.wikipedia.org/wiki/Mitochondria
https://en.wikipedia.org/wiki/Mitochondria
https://en.wikipedia.org/wiki/Mitochondrial_fusion
https://en.wikipedia.org/wiki/OPA1
https://en.wikipedia.org/wiki/Fission_(biology)#Binary_fission
https://en.wikipedia.org/wiki/Mitochondrial_DNA
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função, a fissão é coordenada com a replicação do DNA, através das proteínas FIS1 e 

Dynamin-1-like protein (DRP1) .(8) 

 Sabe-se que a Fototerapia atua sobre a função mitocondrial, estimulando a 

atividade respiratória e aumentando a síntese de ATP(9). Karu sugere que os fótons no 

espectro da luz vermelha e infravermelha são absorvidos pelos cromóforos da cadeia 

respiratória mitocondrial e aumentam o potencial de membrana mitocondrial , o 

transporte de elétrons e consumo de oxigênio (10).  

No entanto, poucos trabalhos investigaram a relação entre a Fototerapia e 

suas conseqüências sobre estresse oxidativo e nitrosativo em pele de ratos diabéticos.  

O estresse oxidativo induzido pela hiperglicemia do DM pode causar danos 

nos tecidos e induzir uma aceleração da produção de radicais hidroxilo relacionados 

com o nível de ácido tiobarbitúrico (TBARS), que é marcador de peroxidação lipídica 

(18, 19).  

Nossa hipótese é que a Fototerapia Laser e LED de espectro de 

comprimento de onda infravermelha poderiam influenciar positivamente o processo de 

regeneração tecidual de animais diabéticos através da modulação de agentes 

antioxidantes bem como fatores envolvidos na homeostasia mitocondrial. 

 

  

https://en.wikipedia.org/wiki/Mitochondrial_DNA#Replication
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CONTEXTUALIZAÇÃO 

 

1.1 Epidemiologia do Diabetes Mellitus (DM) 

A Organização Mundial da Saúde (do inglês : WHO) estima que cerca de 347 

milhões de pessoas no mundo são portadores de DM e a previsão é que em 2030 a DM 

se tornará a 7ª principal causa de morte no mundo (11, 12). Nos Estados Unidos da 

América, o número de diabéticos é de 29,1 milhões de pessoas (13). No Brasil, segundo 

a Sociedade Brasileira de Endocrinologia 12 milhões de brasileiros já foram 

diagnosticados com a doença(14). Os dados são preocupantes quando a atenção volta-se 

para os jovens, pois de acordo com a Federação Internacional de DM (IDF) o número de 

crianças com DM tipo 1 em 2015 chegou a 542.000 e cerca de 86.000 novos casos irã 

ocorrer a cada ano (1). 

Prevê-se que a prevalência de Diabetes Melito Tipo 2 (DM2) em adultos irá 

aumentar nas próximas duas décadas e grande parte desse aumento ocorrerá nos países 

em desenvolvimento sendo  que a maioria dos pacientes na faixa etária entre 45 e 64 

anos (15). 

Esses números alarmantes relacionados a prevalência bem como as 

comorbidades associadas ao DM demonstram que pesquisas abordando novas 

estratégias terapêuticas para o tratamento do DM devem ser encorajados, bem como 

uma melhor compreensão acerca dos mecanismos envolvidos na fisiopatologia do DM. 

1.2 Fisiopatologia do DM - Disfunção mitocondrial e Estresse oxidativo  

O termo DM define um grupo de doenças metabólicas crônicas 

caracterizadas por hiperglicemia devido à produção insuficiente de insulina e / ou 
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resistência periférica à insulina (16). Dentre os sintomas característicos do DM estão: 

fome constante, poliúria (excreção excessiva de urina), alterações na visão, polidipsia 

(sede excessiva), e fadiga (14). As principais complicações associadas ao DM são 

retinopatia diabética(14), hipertensão arterial(17) amputações de membros 

inferiores(18, 19) glaucoma(20), e vasculopatias periféricas(21).  

 No DM ocorre diminuição da sensibilidade das células à insulina causada 

pela queda na produção de insulina, resistência insulínica,  e/ou eventual incompetência 

das células beta do pâncreas em produzir insulina (22) alterando o transporte de glucose 

para músculos, fígado e adipócitos. A insulina reduz a glicemia ao promover o 

transporte de glicose nas células, sendo essencial para o metabolismo dos carboidratos, 

sintese proteica e armazenamento lipidico. Níveis inadequados de insulina e aumento da 

resistência à insulina produzem altos índices glicêmicos, sinal patognômico do DM 

(23).  

Recentemente, a disfunção das células-beta tem sido apontada como uma das 

causas da fisiopatologia da DM2 (24). Idade e genes  (25) são variáveis que influenciam 

diretamente sobre a homeostase das células beta. Tem sido estudado mais recentemente 

o polimorfismo rs7903146 no gene TCF7L2, que codifica um fator de transcrição 

importante no desenvolvimento das ilhotas pancreáticos e a adipogénese e que 

hipoteticamente poderia estar relacionado à etiologia do DM (26).Outros fatores, como 

a hipersecreção de polipeptideo amilóide das ilhotas, que é co-segregado com a insulina 

pode levar a progressiva falha  dessas células(27).  

A morfologia mitocondrial depende do equilíbrio entre fissão e fusão mitocondrial que 

atuam mantendo a morfologia e funcionalidade dessa organela, mas o mecanismo 

envolvido ainda não está claro(28). Nos mamíferos, a fusão mitocondrial é controlada 
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pelas Mitofusinas 1 e 2 (MFN1 e MFN2) na membrana externa da mitocôndria e OPA1 

na membrana interna(29). A fissão mitocondrial é regulada pela proteína citoplasmática  

e pela proteína Mitochondrial fission 1 protein (FIS1), que funciona presumivelmente 

como o adaptador de DRP1 na membrana mitocondrial externa(30). Avanços acerca da 

função mitocondrial e possíveis mecanismos de controle sobre a homeostasia 

mitocondrial das células beta (28, 31-33) apresentam dados que nos induzem a crer 

numa forte relação etiológica entre a disfunção mitocondrial e o DM (32). Um estudo 

utilizando modelo de disfunção mitocondrial experimental resultou na promoção de 

resistência insulínica em tecidos periféricos, como músculos, fígado e adipócitos (34). 

Em outra vertente, um estudo com modelo de resistência insulinica experimental 

estimulou a disfunção mitocondrial (35), o que era esperado, uma vez que a sinalização 

de insulina é fundamental para a biogênese e metabolismo mitocondrial (34). 

O DM e o estresse oxidativo por ele gerado produzem disfunção mitocondrial 

levando a danos mitocondriais e, portanto, lesão celular (28). Bach et al. (2005) & 

Hernández-Alvarez (2010) relataram que a expressão de MFN2 se apresentou reduzida 

em músculos esqueléticos de indivíduos diabéticos tipo 2 (36, 37). Entretanto, não se 

sabe ao certo qual dos dois mecanismos, fissão ou fusão, seja mais eficaz na 

manutenção da função mitocondrial, haja visto que a fissão mitocondrial é importante 

não só para a divisão mitocondrial, mas também como um sistema de eliminação de 

resíduos mitocondriais, crucial para a manutenção da respiração mitocondrial. Ao longo 

de sua vida, uma mitocôndria pode acumular uma quantidade excessiva de espécies 

reativas de oxigênio ( do inglês: ROS) e proteínas disfuncionais, muitas vezes levando 

para cadeias de transporte de eletrons desacoplados. Uma mitocôndria pode dispor de 

tais detritos moleculares segregando parte da mitocôndria por fissão, englobando-o por 

autofagia(38). 
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Além da disfunção das células beta, outros fatores são fundamentais no 

desenvolvimento do DM, como perturbações no metabolismo lipídico e da glicose no 

fígado, contribuindo para a resistência insulinica e dislipidemia / hiperlipidemia, 

levando ao DM e hepatopatias e caracterizando  a sindrome metabólica  (39). O papel 

do fígado na resistência insulínica e a superprodução de lipoproteína foram 

demonstrados em modelos animais diabéticos geneticamente modificados (40) em que a 

produção de lípidos e de glicose pelo fígado foi elevada e a depuração prejudicada (41). 

Portanto, não só o fígado desempenha um papel importante nas dislipidemias, como 

também atua no desenvolvimento de resistência à insulina (42) através de desequilíbrios 

no estado de energia. Fatores como resistência à insulina, aumento da sensibilidade 

hepática ao glucagon, hiperglucagonemia, glicotoxicidade e lipotoxicidade aumentam a 

gluconeogênese hepática. Entretanto, algumas moléculas atuam sobre este defeito 

metabólico, como a  metformina, que atua na redução da neoglicogênese, diminuição da 

absorção de glicose no trato gastrointestinal e aumento da sensibilidade à insulina (43), 

e o GLP-1 (Glucagon-like peptide- 1 ), incretina derivada do produto da transcrição do 

gene pró-glucagon, que dentre outras ações aumenta a secreção de insulina do pâncreas  

dependente de glicose (44).  

Um outro sistema fundamental para que o metabolismo glicídico ocorra de 

maneira equilibrada é o tecido muscular, onde ocorre a maior parte da resistência à 

insulina e responde por mais de 85-90% da captação de glicose corporal. Entretanto, 

importantes defeitos intramiocelulares sobre o transporte de glucose, fosforilação 

glicolitica , glicogênese e oxidação da glicose prejudicam a ação da insulina sobre esse 

tecido. Park et al. (2006) e Cetinus et al. (2005) observaram que força muscular foi 

significativamente menor em pacientes com DM2 do que os indivíduos sem a doença 

(45, 46). Interessantemente, pacientes com DM2 parecem ativar um número limitado de 

https://pt.wikipedia.org/wiki/Neoglicog%C3%AAnese
https://pt.wikipedia.org/wiki/Trato_gastrointestinal
https://pt.wikipedia.org/wiki/Incretina
https://pt.wikipedia.org/w/index.php?title=Proglucagon&action=edit&redlink=1
https://pt.wikipedia.org/wiki/Insulina
https://pt.wikipedia.org/wiki/P%C3%A2ncreas
https://pt.wikipedia.org/wiki/Glicose
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unidades motoras responsáveis pelas contrações musculares, que podem ser 

relacionadas com a desnervação das fibras musculares e / ou aumento da gordura 

intramuscular (46). A indústria farmacêutica  tem utilizado esse conhecimento acerca do 

papel do tecido muscular sobre o DM e dentre os medicamentos para DM, surgiram as 

glitazonas, que aumentam a sensibilidade à insulina, interferindo na liberação de sinais 

que agem no tecido muscular e no fígado, como a adiponectina e o fator de necrose 

tumoral alfa (TNFa)(47). 

A partir dos dados supracitados acerca da fisiopatologia do DM, compreender 

como o DM prejudica o reparo tecidual e a interferência do estresse oxidativo sobre esse 

processo pode favorecer a assimilação entre os diversos estudos até então realizados. 

1.3 DM, Cicatrização Tecidual e estresse oxidativo 

O processo de cicatrização tecidual requer uma integração de eventos 

biológicos e moleculares complexos que envolve  migração celular, proliferação celular, 

e  deposição da matriz extracelular (ECM) (48). O reparo tissular perpassa por 3 fases a 

saber: inflamação, proliferação e remodelação (49). 

Na fase inflamatória, ocorre uma modulação celular com aumento da 

população de células inflamatórias e liberação de fatores de crescimento (50). Na fase 

proliferativa, ocorre aumento da proliferação de fibroblastos, angiogênese (51) e 

deposição de colágeno (52) contribuindo para formação de tecido de granulação. Na 

última fase, a remodelação do tecido ocorre com intensa neovascularização e deposição 

de colágeno com orientação elevada e fibras maduras (53). 

O reparo nos tecidos ativa mediadores inflamatórios, como citocinas e ROS, 

ambos gerando efeitos deletérios sobre o tecido hígido (54). A resposta inflamatória 

induzida pela lesão epidérmica provoca a migração de neutrófilos e macrófagos, que 

realizam um rápido consumo de O2, formando ROS, que, por sua vez, reduzem os 
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níveis plasmáticos de óxido nítrico (NO). Todavia, a ação do óxido nítrico sobre o 

reparo tem um papel dúbio, às vezes benéfico, às vezes prejudicial, pois ao mesmo 

tempo que está envolvido no relaxamento vascular e protege os vasos sanguíneos, o 

excesso dessa molécula leva à lesão endotelial(55). 

Os radicais livres podem combinar-se rapidamente com o NO, formando 

peroxinitrito, podendo reduzir a quantidade de NO disponível (56). Além disso, o 

estresse oxidativo inibe a cadeia respiratória, permitindo a transferência de elétrons para 

o oxigénio molecular, formando superóxido e bloqueando as enzimas envolvidas no 

metabolismo de glicose (gliceraldeído-3-fosfato desidrogenase a partir da glicólise), o 

que conduz a uma redução do ATP / ADP e liberação insulínica deficitária (57). 

Adicionalmente, a hiperglicemia desencadeia o estresse oxidativo por meio do 

aumento da produção de ânion superóxido mitocondrial e do aumento da glicosilação 

não-enzimática de proteínas, assim como por meio da ativação de vários fatores de 

transcrição celular (58). Apesar da enorme quantidade de pesquisas sobre cicatrização 

de feridas no DM, ainda não há resposta clara acerca da sua patogênese, muito embora 

existam fortes evidências relacionando distúrbios da microvasculatura nos diabéticos 

com angiogênese inadequada(59). 

Atualmente, o mais importante mecanismo pelo qual acredita - se que o 

estresse oxidativo altera a função endotelial é a inativação do NO pelos ânions 

superóxidos e lipoproteínas de baixa densidade oxidadas. Essas ROS desativam os 

receptores endoteliais para acetilcolina, serotonina, trombina, bradicinina e outros 

mediadores, diminuindo a estimulação da NOS nas células endoteliais e, 

consequentemente, reduzindo a produção de NO, prejudicando o relaxamento das 

células musculares lisas e predispondo à formação da placa aterosclerótica(60).  
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Além disso, o peroxinitrito tem sido implicado na patogênese de muitas 

doenças crônicas, incluindo o DM. Cuzzocrea et al. (61) ao analisar a catálise da 

decomposição do peroxinitrito através de um catalisador de decomposição específico, 

observou a redução da incidência e da gravidade do DM mellitus em ratos submetidos a 

múltiplas doses baixas de estreptozotocina, fortalecendo as evidências de que o excesso 

das ROS provocaria alterações fisiológicas importantes no processo de cicatrização 

tecidual (61). 

O mecanismo pelo qual níveis elevados de glicose causam lesões vasculares e 

resultam em alterações estruturais e funcionais em vários tecidos pode ser multifatorial, 

e dentre os mais importantes estão o estresse oxidativo, o aumento da síntese/acúmulo 

de diacilglicerol, a ativação da proteína quinase C, o aumento da ativação da via do 

sorbitol do metabolismo glicídico, a glicosilação não-enzimática das proteínas e as 

alterações relativas ou absolutas na produção de substâncias vasoativas, tais como 

endotelina, prostaglandinas e subprodutos de óxido nítrico (62). Ademais, a 

susceptibilidade da catalase pelos radicais livres gerados pelo DM (63) contribui para a 

progressão da doença.  

O processo de cicatrização tecidual depende do fornecimento de ATP, que 

desempenha um papel importante na manutenção da natureza do citoesqueleto das 

células (64). Isto posto, o incremento da produção de ATP mitocondrial através da 

Fototerapia já está bem estabelecido (9, 65, 66) e, portanto, analisar os trabalhos que 

relacionam Fototerapia, reparo tecidual e estresse oxidativo, podem nos elucidar como a 

Fototerapia poderia contribuir no reparo tecidual em pacientes diabéticos.  
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1.3 Fototerapia, Cicatrização Tecidual e estresse oxidativo 

LLLT é a aplicação de um laser ou diodo emissor de luz no intervalo de 1 mW 

- 500 mW a determinada condição patológica para promover a regeneração dos tecidos, 

reduzir a inflamação e aliviar a dor (67). 

A LLLT estimula a atividade eletroquímica mitocondrial e aumenta a síntese 

de ATP (9). Esse tipo de irradiação exerce efeito em cascata sobre a sinalização celular, 

promovendo uma proliferação celular e citoproteção (65). Chung et al. sugeriram que na 

Fototerapia vias de sinalização são ativadas, conduzindo a uma cascata de eventos que 

promovem a sobrevivência celular, proliferação celular, citoproteção, migração celular e 

a reparação de tecidos (68).  

Apesar dos efeitos benéficos já observados pela LLLT, estes dispositivos 

requerem alta energia e os custos para sua produção ainda são relativamente altos. 

Atualmente, o uso de Diodos Emissores de Luz (LEDs) ou Light-Emitting Diode 

Therapy (LEDT) tem sido apontados como uma alternativa nova e barata de Fototerapia 

(69, 70). LEDs emitem uma luz não-coerente e tem sido apresentados como alternativa 

terapêutica aos Lasers, já que é o comprimento de onda da luz o mais importante na 

fototerapia e não a coerência ou a falta da mesma. LEDs são pequenos e robustos 

dispositivos que emitem radiação eletromagnética que varia em comprimento de onda 

ultravioleta ao infravermelho, normalmente gerando luz de baixa intensidade na faixa 

miliwatt (71). Os primeiros estudos com LEDs demonstraram promover o alívio da 

dor(72), melhorar o desempenho muscular (73) minimizar a fadiga muscular (74) e 

estimular a cicatrização de feridas (71).  

Entretanto, é importante esclarecer que os efeitos da LLLT dependem de 

alguns parâmetros, como a energia total, a densidade de energia, tempo e frequência da 

irradiação e do tipo de Laser ou fonte de luz utilizada (67). Segundo Hamblin et al., tal 
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como com outras formas de medicamentos, a LLLT tem os seus princípios ativos 

(parâmetros de irradiação ou “remédio”) e uma "dose" (o tempo de irradiação) (67). A 

Tabela 1 lista as principais variáveis que definem os parâmetros de irradiação:  

 

Tabela 1. Variáveis envolvidas na determinação dos parâmetros da LLLT 

 (Adaptado de Huang & Hamblin,2009) 

Irradiação Unidade de medida Comentário 

Comprimento 

de onda 

nm Luz é uma energia eletromagnética 

transportada em “pacotes” que também tem 

propriedade semelhante a onda e é visível entre 

400-700nm 

Irradiância W/cm2 Muitas vezes chamado de intensidade ou 

densidade de potência e é calculado: 

Irradiância = Potência (W) / Área (cm2) 

Pulso Pico de energia(W) 

Frequencia de pulso (Hz) 

Largura do pulso(s) 

ciclo de trabalho (%) 

Se o feixe é pulsado, a energia deve ser a 

média. 

Potência média (W) = pico de potência (W) × 

largura de pulso (s) x Frequencia pulso(Hz) 

Coerência Comprimento da banda de 

coerência depende da 

largura de banda 

espectral. 

Luz coerente produz salpicos do laser, que tem 

sido postulados desempenhando um papel na 

interação com fotobiomodulação das células e 

organelas 

 

Polarização Polarização linear ou 

circular 

Luz polarizada pode ter efeitos diferentes do 

que a luz não polarizada. No entanto, sabe-se 

que a luz polarizada sofre espalhamento 

rapidamente, como nos tecidos 
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Tempo segundos o tempo de irradiação poderia ser definido 

como "dose" 

Densidade de 

Energia 

J/cm2 Possui uma relação de reciprocidade entre 

irradiância e tempo. 

Intervalo de 

Tratamento 

Horas, dias ou semanas Os efeitos de diferentes intervalos de 

tratamento são pouco explorados 

embora haja evidências suficientes para 

sugerir que este é um parâmetro 

importante. 

 

No que se refere ao mecanismo de ação da luz sobre os tecidos biológicos, 

algumas pesquisas sugerem que fótons de baixa energia são absorvidos nos cromóforos 

da cadeia respiratória da mitocôndria. Esses estudos (75-77) sustentam a hipótese de 

que a absorção destes fótons aparentemente incrementa o potencial de membrana, 

podendo estar associada com um aumento da produção de ATP na célula. Esse fato 

pode representar um mecanismo fundamental a respeito dos efeitos fotomoduladores da 

LLLT (75). Entretanto, os mecanismos envolvidos nas respostas teciduais à estimulação 

LLLT ainda permanecem obscuros, principalmente no que se refere aos efeitos na 

cadeia respiratória mitocondrial e sobre os marcadores de estresse oxidativo (78).  

A Fototerapia age sobre o metabolismo do NO através do fenômento de 

fotodissociação da citocromo c oxidase (CCO) com o NO. O CCO é um fotoaceptor 

localizado na membrana mitocondrial interna, cuja função é o de catalisar a redução do 

citocromo c, ao bombear prótons para fora da matriz mitocondrial. O CCO tem dois 

centros  heme (aa e a3) e dois centros Cobre (A e B), dos quais o ferro heme citocromo 

a3 forma junto com o oxigênio no local de ligação. Assim, o NO pode competir com 

oxigénio para se ligar ao complexo de ferro-enxofre e de centros de ferro e cobre na 
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cadeia respiratória e inibem a síntese mitocondrial de ATP (23). Em adição a isto, o 

NO-CCO pode ser quebrado por energia luminosa visível e infravermelho (24) para 

restaurar a função mitocondrial para a síntese de ATP (24, 25). 

Alguns trabalhos comprovam essa ação da Fototerapia sobre marcadores de 

estresse oxidativo , como Rubio et al. (79) , que observou diminuições significativas nos 

níveis plasmáticos  de fibrinogênio, NO, L-citrolina e nitrotirosina em animais 

irradiados pela LLLT (He-Ne 640nm, 8 J/cm2, 3x/dia), demonstrando uma modulação 

na resposta oxidativa pela LLLT. 

Outro possível mecanismo de ação do LLLT sobre o estresse oxidativo é 

através do aumento dos radicais superóxido (O2
-) e peróxido de hidrogênio (H2O2), que 

conduzem a regulação do metabolismo celular, em equilíbrio com algumas enzimas 

antioxidantes (9). Karu demonstrou efeito biomodulador da LLLT sobre o metabolismo 

oxidativo ao verificar que a produção do radical superóxido e da atividade da enzima 

catalase foram aumentadas, levando ao incremento da síntese protéica em cultura de 

células de levedura (9).  

Por outro lado, Fillipin (80) ao analisar os efeitos da LLLT sobre o processo de 

cicatrização em tendões (laser Ga-As, 904 nm, 45 mW de potência média, 5 J / cm2,  35 

s, modo continuo, por 21 dias),  observou que a concentração de substâncias reativas do 

ácido tiobarbitúrico (TBARS) não diferiram significativamente entre os animais 

irradiados versus controles. Adicionalmente, estudos anteriores indicaram que fluências 

acima de 4 J/cm2 apresentaram características de inibição do crescimento celular (81, 

82), que poderia estar relacionado com o estresse oxidativo, já que as ROS podem 

infligir danos diretos aos constituintes celulares vitais, tais como lipídios, proteínas e 

DNA.(83) 
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As mitocôndrias não são estáticas e numerosos eventos de fusão e / ou de 

fissão ocorrem periodicamente. A fissão e a fusão são acompanhadas por variações no 

tamanho, número e a massa mitocondrial, acionados por uma variedade de estímulos 

fisiológicos. Karu (10) afirma que o NO• via NO•- sistema citocromo c oxidase é um 

importante mensageiro-chave  para ativar o programa de biogênese mitocondrial em 

vários tipos de células. Experiências realizadas com células de levedura (84, 85) 

concluíram que irradiação com LLLT He-Ne (632,8 nm) influenciou de um modo dose- 

dependente a ultraestrutura mitocondrial ao lado de mudanças na taxa de proliferação 

celular por sete passagens sucessivas. Além disso, mitocôndrias bipartidas e 

hipertrofiadas foram observadas após a irradiação de fígado de rato com LLLT He-Ne 

(86).  

Frente ao exposto, existem fortes evidências que nos direcionam a utilizar a 

Fototerapia como tratamento no reparo tecidual na condição diabética, no entanto, ainda 

há muitas lacunas acerca não somente dos mecanismos envolvidos nesse processo, mas 

também dos parâmetros a serem utilizados. 
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OBJETIVO 

 

Diante do exposto, o presente estudo teve como objetivo avaliar o efeito da 

Fototerapia Laser e LED sobre a regeneração tecidual e do estresse oxidativo em 

animais diabéticos e não diabéticos.  

Objetivos Especificos 

 
Investigar se a Fototerapia foi capaz de melhorar os parâmetros de estresse oxidativo e 

nitrosativo durante o processo de cicatrização de feridas em ratos diabéticos 

mensurando-se a quantidade de colágeno, concentração de catalase, nitrito e TBARS. 

 

Analisar os efeitos da Fototerapia (Laser e LED) sobre a cicatrização da pele em 

roedores diabéticos e possíveis mecanismos envolvidos. Para tanto, parâmetros 

histológicos, estudo comparativo do colágeno pela coloração picrosirius e microscopia 

de força atômica, imunoexpressão de VEGF, COX2, FIS1 e MFN2 foram observados. 

 

Examinar os efeitos da Fototerapia Laser e LED no pâncreas após a injeção de 

estreptozotocina e suas implicações sobre o metabolismo de carboidratos avaliando-se 

parâmetros histológicos, glicogênio hepático e muscular, teste intraperitoneal de 

tolerância à insulina e teste de tolerância à glicose intraperitoneal. 
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HISTÓRICO DA CONSTRUÇÃO DA TESE 

 

A presente Tese de Doutorado é composta por três artigos originais. Além 

disso, um quarto artigo será escrito com resultados colhidos a partir da experiência do 

doutorando no estágio sandwich realizado no Massachussetts General Hospital, 

vinculado a Harvard Medical School na cidade de Boston-EUA. Esses dados não 

puderam compor o escopo desta Tese devido ao protocolo de sigilo dos dados assinados 

pelo discente.  

O experimento inicial do doutorado, que teve como produto o artigo intitulado 

“Low-Level Laser Therapy (904nm) Can Increase Collagen and Reduce Oxidative and 

Nitrosative Stress in Diabetic Wounded Mouse Skin” submetido na Revista 

Photochemistry and Photobiology B, apresentou resultados que nos fizeram refletir em 

uma mudança de paradigmas a respeito dos prováveis mecanismos de ação da 

Fototerapia sobre a mitocôndria de animais diabéticos e, então, iniciamos um segundo 

experimento, desta vez acrescentando Diodos emissores de luz (LEDs) ou Light-

Emitting Diode Therapy (LEDT), com intuito de averiguarmos se, de fato, seria mais 

importante o comprimento de onda do que coerência da luz para ocorrerem os efeitos 

metabólicos da Fototerapia e se de alguma forma, haveria diferenças de resultados entre 

os animais tratados com LEDT ou por LLLT. Este novo artigo, intitulado “Phototherapy 

Laser and LED acts over Mitochondrial Function and estimulates collagen organization 

in diabetic animals” que foi submetido para a revista Lasers in Medical Science 

acrescentou novas informações a respeito dos possiveis efeitos da Fototerapia sobre a 

homeostasia mitocondrial e nos fez pensar na possibilidade desss efeitos serem 

benéficos sobre o tecido pancreático, órgao vital no controle da glicemia e em especial, 

as células beta, fundamentais na fisiopatologia do DM, gerando o terceiro artigo, 
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intitulado “LLLT and DM: Is there a light of the end tunnel?”, submetido para a Revista 

Diabetologia.  
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ABSTRACT 

 

Background and Objective: Over the last decade we have seen an increased interest in 

the use of Low-Level Laser Therapy (LLLT) in diseases that involve increased 

oxidative stress. It is well established that hyperglycemia in diabetes elicits a rise in 

reactive oxygen species (ROS) production but the effect of LLLT remains unclear. This 

study aimed to investigate whether LLLT was able to improve oxidative/nitrosative 

stress parameters in the wound healing process in diabetic mice. Study 

Design/Materials and Methods: Twenty Swiss male mice, 30 weight, 6 months, were 

divided into four groups: non-irradiated control (NIC), irradiated control (IC), non-

irradiated and diabetic (NID), irradiated and diabetic (ID). Diabetes was induced by 

administration of streptozotocin. Wounds were created 120 days after the induction of 

diabetes in groups IC and ID and these groups were irradiated daily for 5 days 

(superpulsed 904 nm laser, average power 40 mW, 60 sec). All animals were sacrificed 

1 day after the last irradiation and histology, collagen amount, catalase activity, nitrite 

and TBARS were measured. Results:  Histology showed collagen fibers were more 

organized in IC and ID when compared to NID group and significant differences in 

collagen content were found in group ID versus NID. Catalase activity was higher in IC 

group compared to other groups (p < 0.001). TBARS levels were higher in IC vs NIC, 

but were lower in ID vs NID (p<0.001). Nitrite was lower in both irradiated groups vs 

the respective non-irradiated groups (p < 0.001). Conclusions: Increased production of 

collagen and photobiomodulation over oxidative and nitrosative stress suggests that 

LLLT may be a viable therapeutic alternative in diabetic wound healing. 

 

Key words: catalase, diabetes mellitus, oxidative stress, collagen production, nitric 

oxide, TBARS, photobiomodulation. 



40 

 

1.0 INTRODUCTION 

 

 Diabetes mellitus (DM) is characterized by elevated blood glucose levels, an 

impaired blood supply, and increased production of reactive oxygen species (ROS) (1). 

Chronic ROS generation is implicated in the pathogenesis of many illnesses, including 

atherosclerosis and inflammation (2, 3). The hyperglycemia caused by diabetes elicits 

an increase in ROS production, due to overproduction of superoxide by the 

mitochondrial electron-transport chain(4). In addition to this oxidative stress, the 

inflammatory response induced by epidermal injury in wounds provokes the migration 

and accumulation of neutrophils and macrophages, which also produce ROS via their 

respiratory burst. When there is increased production of ROS coupled with decreased 

antioxidant defenses, oxidative stress occurs, and the ROS interacts with cellular 

molecules and enhances the process of lipid peroxidation (LPO), causing DNA damage 

and/or inducing protein and nucleic acid turnover (5). 

 Furthermore, macrophages release nitric oxide (NO) via activated inducible nitric 

oxide synthase (iNOS) (6). However, the synthesis of large amounts of NO can produce 

nitrosative stress by reacting with superoxide to form peroxynitrite. Many authors have 

proposed that low level-laser therapy (LLLT) is able to influence oxidative stress 

parameters as well as to change the activity of antioxidant enzymes and the production 

of ROS (1).  Over the last decade the literature has been reported an increased interest in 

the application of photobiomodulation using different light sources in diseases that 

involving increased oxidative stress, but the mechanisms involved in this response 

remain unclear, especially in relation to the effects of LLLT on the mitochondrial 

respiratory chain and on biomarkers of oxidative stress. The basic biological mechanism 

behind the effects of LLLT is thought to be via absorption of red and infra red light by 

cytochrome c oxidase (complex IV of the mitochondrial respiratory chain) (7). In 

addition, Karu (8) and other authors (9) have proposed that one of the possible 

mechanisms of action of LLLT, is a brief and modest increase in production of ROS 

such as superoxide (O2-) and hydrogen peroxide (H2O2), leading to restoration  of the 

redox imbalance as a consequence of enhanced production of antioxidant enzymes. 

LLLT alters the redox state in cells and can induce the activation of intracellular 

signaling, increase activation of redox-sensitive transcription factors (10), and affect 

enzyme activation and cell cycle progression (7) which are fundamental mechanisms 

involved in wound healing. Several parameters are important for optimizing treatment 
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using photobiomodulation. These parameters include wavelength, power density, 

energy, time, and frequency of application. Based on these facts, our hypothesis was to 

test if near-infrared laser (904 nm)  could reduce nitrosative/oxidative stress parameters 

in diabetic mice and thus accelerate the tissue repair process. 

 

2.0 MATERIALS AND METHODS  

 

2.1 Animals 

 CEPA/UFC (IACUC) approved the study under protocol number 01/2013. All 

experiments were performed in accordance with the National Institutes of Health Guide 

for Care and Use of Laboratory Animals. The animals used were bred in the Department 

of Pathology, Faculty of Medicine, Federal University of Ceara and kept in an 

environment with a constant temperature of 24oC and light/dark cycle of 12 hours. We 

used 20 male Swiss mice, weighing 25-30 g at baseline. The animals were randomly 

allocated into four groups: non-irradiated control (NIC), irradiated control (IC), non-

irradiated and diabetic (NID) and irradiated diabetic (ID). Ten animals were induced 

into a diabetic state by administration of streptozotocin and 10 animals remained 

euglycemic (control). 

 

2.2 Diabetes induction 

 For induction of diabetes we used a previously described methodology (11). The 

mice were subjected to fasting for 6 hours and then anesthetized by thiopental 

(40mg/kg) and kept in a prone position for an intraperitoneal injection of streptozotocin 

(solution 70mg/kg - STZ) dissolved in citrate buffer solution (pH 4.5). Six hours after 

administration, the animals had their water supply replaced by an aqueous solution of 

glucose (10%) for 24 hours. Glucose levels were determined in blood samples taken 

from the tail vein and measured on a glucose meter (AccuChek, Roche Diagnostics, 

Indianapolis, IN). 

 

2.3 Wound creation 

 The animals were anesthetized by intraperitoneal injection of thiopental. 

Each animal was placed in a prone position, without immobilization, in order to shave 

the dorsal region with a razor and soap. The skin of the animal was cleaned with an 

antiseptic solution of 2% chlorhexidine and it was cut with a carbon steel surgical blade 
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until the depth reached the hypodermis. In order to standardize the lesions, we used a 

surgical field with 2mm width and 2 cm long, with reference to the animal's posterior 

iliac crest, which was labeled with an alcohol soluble marker (see figure 1). 

 

Figure 1.Wound creation: the skin was cut with a carbon steel surgical blade until it reached the hypodermis with 
2mm width and 2 cm long.  

2.4 Low-level laser therapy (LLLT) 

 The wounds were irradiated at a single point over the incision with laser device: 

Laserpulse (IBRAMED, Amparo, Brazil), class 3B, superpulsed 904 nm GaAs diode 

laser with parameters according to Table 1. The laser treatment was repeated daily for 5 

consecutive days. The animals in groups IC and ID received laser irradiation with the 

probe perpendicular to the wound. Other groups received contact with the probe laser 

off and the lesions were then treated with saline 0.9% NaCl. Wood chip bedding in the 

cages were not used due to the risk of infection/contamination, and cages were cleaned 

daily. One day after the last irradiation, the animals were euthanized by decapitation to 

remove the skin lesion for homogenization and subsequent analysis. 
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Table 1: Laser Parameters 

Parameter [unit] 

 

value 

Center wavelength [nm] 904 

Operating mode pulsed 

Frequency [Hz] 9500 

Pulse duration [ns] 60 

Duty cycle [%] 20 

Energy per pulse [J] 42 nJ 

Peak power [W] 70 

Average power [mW] 39.9 

Polarization No 

Spot size [cm2] 0.1309 

Beam shape elliptical 

Beam profile Gaussian 

Irradiance at target [mW/cm2] 304.8 

Exposure duration [sec] 60 

Radiant exposure [J/cm2] 18.288 

Total Radiant energy [J] 2.394 

Number of points irradiated 1 

Area irradiated [cm2] 0.1309 

Application technique Contact 

Number and frequency of treatment sessions 1 x day / 5 days 

Table 1.Irradiation and Treatment Parameters (AsGa laser, 904nm; model Laserpulse, handheld probe), used in 
contact to the mice skin 
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2.5 Histopathological analysis 

The skin samples were fixed in 10 % buffered formalin (Merck, Darmstadt, Germany) 

for 24 h. Afterwards, they were dehydrated and embedded in paraffin blocks. Three 

sections (5μm) from each specimen were sectioned (Microtome Leica Microsystems SP 

1600, Nussloch, Germany) and stained with hematoxylin and eosin (H.E. stain, Merck, 

Darmstadt, Germany). The morphological description of the healing characteristics was 

performed with optical microscopy (Olympus Optical Co., Tokyo, Japan) and 

histological analysis was made by a pathologist in a double-blind manner. Five slides 

from each specimen were analyzed and the following criteria were scored as absent, 

discrete, moderate or intense: granulation tissue, inflammatory process, area of fibrosis 

and fibroblast number. 

2.6 Collagen Analysis by Masson Staining/  

Sections stained with Masson were examined microscopically and the images used for 

analysis were captured by microscopy using a 20X objective (Carl Zeiss, Germany) and 

a capture system consisting of a camera (Olympus Optical Co., Tokyo, Japan) equipped 

with AxioVision 4.7.2.0 software. The processing and image analysis were performed 

with the public domain software ImageJ 1.36 version (National Institutes of Health, 

Bethesda, USA; http://rsbweb.nih.gov/ij/) using plugin color deconvolution and 

percentage of area occupied in relation to the total area was measured as described in 

previous studies (12-14). 

 

2.7 Procedure for determination of the antioxidant activity. 

 The skin was immediately dissected and homogenized in 1.15% KCl, volume 

equivalent to 10 times its weight (1g/10 ml solution). The mixture was centrifuged 

(5,800 rpm, 10 min at 10°C), and the supernatant was used for biochemical 

determinations (TBARS, catalase activity and nitrite) according to Figure 2: 

 

 

http://rsbweb.nih.gov/ij/
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Figure 2.Schematic drawing showing procedure for determination of the antioxidant activity. The skin was dissected 
and homogenized in 1,15% KCL (1g/10nml solution). The mixture was centrifuged and the supernatant used for 
biochemical determinations 

 

2.7.1 Concentration of thiobarbituric acid reactive substances (TBARS) 

 Lipid peroxidation was assessed by measuring the concentration of 

thiobarbituric acid reactive substances (TBARS). In this process, two molecules of 

thiobarbituric acid react with a molecule of malondialdehyde to form a pink pigment 

with maximum absorbance in acid solution at 532-535 nm. TBARS was determined in 

the skin homogenates that had been diluted to 10% (w/v). Then, 250 µL of homogenate 

were incubated in a water bath at 37°C for 1 hour, followed by addition of 400 µL of 

35% perchloric acid to precipitate the protein. The mixture was centrifuged at 14,000 

rpm at 4 ° C for 10 minutes and then the supernatant was added to 200 µL of 1.2% 

thiobarbituric acid. Next, the mixture was again incubated in a water bath at 100°C for 

30 minutes. After cooling on ice, samples were read in a spectrophotometer at 535 

nm.(15) 

 

2.7.2 Determination of catalase activity. 

 The skin of mice was homogenized in a 0.1 M sodium phosphate buffer solution, 

pH 7.0, at an equivalent volume of 200 times its weight. Then, the homogenate was 

centrifuged at 5,800 rpm, 10 min at 4°C, the upper layer was discarded and the bottom 

layer was used for spectrophotometric measurements of H2O2 at 230 nm (28). In the 

cuvette, were added 980 μL of the reaction medium (15% H2O2, in 1 M Tris-HCL 

buffer), containing 5 mM EDTA, pH 8.0, and 20 μL of the sample diluted in the Tris-

HCl buffer. Initial and final absorbance was recorded at 230 nm, after 1 and 6 min, 

respectively. A standard curve was established using purified catalase (Sigma, MO, 

USA). Results were expressed in mmol/min/mg protein. Protein was determined by the 

Lowry method.(16) 

 

2.7.3 Nitrite concentration  

 Nitrite concentration was measured from homogenates of the mice skin. 

Homogenates of the treated and control groups were diluted to 10% (w/V) in 50 mM 

phosphate buffer, pH 7.4 and centrifuged at 14,000 rpm for 15 minutes at 4 °C. The 

concentration of nitrite was determined by a diazotization chromophore reaction that 

forms a pinkish color with a peak absorbance of 560 nm. 250 µL of the Griess reagent 
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(1% sulfanilamide, N-(1-naphthyl)-ethylenediamine 0.1%, 1.0% phosphoric acid and 

distilled water in the ratio of 1:1:1:1 ) were added to 250 µL of homogenate 

(supernatant) and the mixture was maintained at room temperature for 10 minutes. 

Thereafter, the absorbance of the samples was determined by spectrophotometry at 560 

nm and the blank prepared by adding 250 µL of the Griess reagent to 250 µL of 50 mM 

phosphate buffer, pH 7.4. The absorbance values were interpolated on a calibration 

curve containing NaNO2 concentrations ranging from 0.75 to 100 µM.(17) 

 

2.8 Statistical Analysis 

 Data were expressed as mean and standard deviation and statistically analyzed 

by analysis of variance (ANOVA) one-way with Bonferroni post hoc test. The 

significance level was set at p< 0.05. We used the statistical software package SPSS, 

version 18.0. 

 

3.0 RESULTS 

 

3.1 Histopathological analysis 

Representative histological sections of the four groups are shown in Fig. 3.I and 3.II. 

Five days post wounding, the NIC and IC groups (Figure 3A and 3B respectively) 

showed a discrete inflammatory infiltrate, with partial healing and a moderate amount 

of granulation tissue that was rich in newly formed blood vessels and fusiform 

fibroblasts. Masson staining showed a moderate deposition of a disorganized mature 

collagen matrix in the NIC group and a more organized and more intense degree of 

collagen deposition in the IC group (Figure 3E and 3F respectively). A moderate 

inflammatory infiltrate, a modest amount of fibroblasts and a granulation tissue that was 

poor in newly formed blood vessels was observed in the NID group (Figure 3C). On the 

other hand a moderate amount of fusiform fibroblasts and an increased density of blood 

vessels was observed in the ID group (Figure 3C). Masson red staining showed an 

intense deposition of a more organized collagen matrix in the ID group (Figure 3H) 

when compared with the NID group (Figure 3G). 
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Figure 3.I. Photomicrograph showing granulation tissue (a); newly formed blood vessels (blue arrows) and 
fibroblasts (f) (HE 10X). Figure 3.II. Photomicrograph Masson staining showing organization and collagen deposition 
(c). (20X) 

 

3.2 Collagen amount 

The images were analyzed taking into account differences between thin and thick fibers 

and the relative percentage of collagen in the examined fields. The data showed 

significant differences between NIC versus ID groups (p < 0,01) and between the ID 

group versus NIC and NID groups (p < 0,03) (table 2). 
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GROUPS % Collagen 

(Mean+SE) 

    Angiogenesis 

       (Mean+SE) 

NIC (a) 3.82 + 0.18 (b,d) * 10.18 + 1.09 

IC (b) 4.99 + 0.01 7.52 + 1.32  

 NID (c) 3.90 + 0.01(b,d)* 7.38 + 0.99(d)* 

ID (d) 4.09 + 0.01(a,c)* 15.34 + 1.14 (a,b,c)* 

 

Table 2.Statistical analysis using morphometric computational systems to determine amount collagen. The 

significance level was set at p < 0.05. 

 

3.3 Concentration of TBARS 

 As seen in Table 3, the average concentration of TBARS in the four groups was 

significantly different (F = 12.888, P ≤ 0.001). The Bonferroni test showed significant 

differences between the groups: ID had a decreased concentration of TBARS compared 

to NID (p< 0.05) and IC had an increased concentration of TBARS compared to NIC 

(p< 0.05). In addition, group ID showed significantly lower levels of TBARS than 

group IC (p< 0.05). 

 

TBARS  
Mean + DP ANOVA 

T
B

A
R

S
 

NIC 
2.38 ± 0.29 

≤ 0,001 

IC 
5.05  ±  1.52* 

NID 
3.57  ± 1.37 

ID 
1.65 ± 1.57*# 

 

Table 3.TBARS concentration levels in the skin of different groups: non-irradiated control (NIC), non-irradiated 
diabetic (NID), irradiated control (IC) and irradiated diabetic (ID).* p < 0.001 compared to each respective control 
group; # relative to the group 
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3.4 Catalase activity 

 As seen in Figure 4, the levels of catalase in the four groups were significantly 

different (p ≤ 0.001). An increase in catalase activity was observed for IC mice, when 

their results were compared with those obtained from NIC and ID mice. The Bonferroni 

test (post hoc) showed that group IC had higher catalase activity compared to NIC 

group (p ≤ 0.05). Other comparisons between groups were not statistically different (p> 

0.05).   

 

 

 

Figure 4.Catalase concentration levels in the skin of different groups: non-irradiated control (NIC), non-irradiated 
diabetic (NID), irradiated control (IC) and irradiated diabetic (ID). *p ≤ 0.001Figure 4. Catalase concentration levels in 
the skin of different groups: non-irradiated control (NIC), non-irradiated diabetic (NID), irradiated control (IC) and 
irradiated diabetic (ID). *p ≤ 0.001).  

 

3.5 Nitrite concentration 

 As seen in Figure 5, the concentration of nitrite in the four groups was 

significantly different (F = 54.128, p ≤ 0.001). Was observed a decreased concentration 

of nitrite in group ID compared to group NID (p< 0.05), and group IC had decreased 

nitrite concentration compared to group NIC (p< 0.05). There was no significant 

difference between groups ID and IC (p> 0.05).   
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Figure 5..Nitrite concentration levels in the skin of different groups: non-irradiated control (NIC), non-irradiated 
diabetic (NID), irradiated control (IC) and irradiated diabetic (ID) . *p ≤ 0.001.Figure 5. Nitrite concentration levels in 
the skin of different groups: non-irradiated control (NIC), non-irradiated diabetic (NID), irradiated control (IC) and 
irradiated diabetic (ID) . *p ≤ 0.001. 

 

4.0 DISCUSSION 

 Diabetes mellitus (DM) is an endocrine metabolic disease whose main clinical 

manifestation is hyperglycemia, which promotes oxidative stress due increased 

production of mitochondrial ROS and increased non-enzymatic glycosylation of 

proteins, as well as via the activation of several cellular transcription factors (18). It is 

well known that one of the main pathological abnormalities that are suffered by diabetic 

patients, is caused by difficulties in wound healing (19, 20), and new approaches are 

needed to accelerate tissue repair in diabetic patients (21-23). Photobiomodulation or 

LLLT has been studied extensively in several models of wound healing, and most 

previous reports have found beneficial effects for this modality of treatment. However, 

only a few studies have investigated the relationship between LLLT and its effects on 

oxidative and nitrosative stress in the wounded skin of chronic diabetic mice (24). 

Hyperglycemia-induced oxidative stress may cause tissue damage and induces hydroxyl 

radical generation that is correlated with the level of thiobarbituric acid (TBARS) 

reactive compounds used as an estimation of lipid peroxidation (25, 26).  Oxidation is a 
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normal part of aerobic metabolism and ROS are produced naturally at a certain level, 

but at greatly elevated levels as a result of some pathological disease states. 

Antioxidants are substances that fight ROS and free radicals, and can act enzymatically, 

such as glutathione peroxidase, catalase and superoxide dismutase, or can act non-

enzymatically for example: ascorbate, vitamin E, histidine peptides, and some iron-

sequestering proteins (ferritin and transferrin). Inflammatory processes can generate 

ROS and reactive nitrogen species (RNS). The RNS include nitric oxide (NO•) in large 

amounts, and peroxynitrite (ONOO-). The presence of nitric oxide in biological systems 

promotes RNS production such as peroxynitrite (formed by spontaneous reaction 

between NO and superoxide) that reacts with tyrosine residues in proteins to form 

nitrotyrosine(27). Besides, nitrites and nitrates that circulate in the blood are produced 

from NO oxidation.  

Photobiomodulation can produce NO through photodissociation of NO that is 

bound to cytochrome c oxidase (CCO). CCO is a photoacceptor located in the inner 

mitochondrial membrane whose function is to catalyze the oxidation of cytochrome c 

and the reduction O2 to water, resulting in the pumping of protons out of the 

mitochondrial matrix. CCO has two heme centers (aa and a3) and two copper centers 

(CuA and CuB), of which the heme iron of cytochrome a3 and CuB together forms the 

O2 binding site (28). Thus, NO may compete with oxygen to  bind to the iron-sulfur 

complex and to the iron and copper centers in the respiratory chain and inhibit the 

mitochondrial ATP synthesis (29). It is proposed that the NO-CCO bond can be broken 

by visible and NIR photon absorption (30) to restore  mitochondrial function and 

increase ATP synthesis (30, 31).  Our results showed a significant reduction of nitrite 

levels by LLLT in the skin homogenate of wounded mice (Figure 5). This could be 

explained due to a possible protective effect that LLLT could have on the 

microvasculature because some studies (32) have suggested that hyperglycemia is a 

factor which naturally leads to injury of blood vessels and causes long-term 

microvascular and macrovascular complications. The excessive production of NO may 

also lead to endothelial injury. Volpe et al demonstrated that the hyperglycemia typical 

of diabetes exacerbated in vitro inflammatory responses (33). Their group observed that 

levels of NO, IL-6, TNF-𝛼, and MDA were higher in supernatant of blood cells that had 

been stimulated with palmitate. Advanced studies have suggested that the effects of 

hyperglycemia and hyperlipidemia on peripheral blood mononuclear cells (PBMNC) 

include activation of the NADPH oxidase system leading to ROS production, enhanced 
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NF-kB activity, and increased levels of cytokines, chemokines, and circulating adhesion 

molecules (34-36). We believe that one important factor to explain our results may be 

mediated by NFkB, because a previous report (10) suggested that LLLT not only 

enhanced mitochondrial respiration, but also activated the redox-sensitive NF-kB 

transcription factor via brief generation of ROS. NF-kB regulates immune and 

inflammatory responses in endothelial cells, vascular smooth muscle cells, and 

macrophages (37) as well as production of inflammatory cytokines, TNF-alpha and NO 

(through iNOS expression) (38). Our findings agree with Kandolf-Sekulovic et al (24) 

who used LLLT (904 nm, irradiance 60mW/cm2, fluence 3.6 J/ cm2) in a model of 

contact hypersensitivity (CHS in albino Oxford rats) and observed a reduced release of 

nitric oxide by the inflammatory cells. These authors suggested that lower levels of NO 

were caused by fewer inflammatory cells in the dermis, and a possible lower capacity 

for NO production by skin resident cells (keratinocytes and Langerhans cells). These 

cells have been suggested to be the NO-producing cells in the CHS skin reaction (39). 

Eduardo et al (40) analyzed peroxynitrite formation in zymosan-induced arthritis in rats, 

and found inhibition of joint hyperalgesia that correlated with decreased nitric oxide 

levels and nitrotyrosine levels in the joint exudates, when compared to control rats,. 

Taken together, these results point towards a homeostatic role of low levels of NO 

derived from the constitutive NOS enzymes. Moreover other studies utilizing different 

experimental models have suggested that LLLT is able to induce SOD expression, 

decreasing the available concentration of superoxide anion and, as a result, reduce 

peroxynitrite production (24). 

We found that catalase activity was increased significantly between groups IC 

versus NIC and ID. The suppression of catalase activity in diabetic animals is known to 

be involved in the susceptibility of diabetics to ROS (41). In addition, a certain level of 

oxidative stress is known to be required for the satisfactory induction of 

neovascularization in response to ischemia and tissue damage (42). A further possible 

mechanism to explain these results is that high glucose levels have been associated with 

low neutrophil chemotactic activity(43, 44) and reduction of the phagocytic activity of 

polymorphonuclear cells in diabetic patients(45, 46). Chamon et al(47) showed a 370% 

and 199% increase in ROS generation during the process of phagocytosis in healthy 

subjects and DM patients respectively. In the presence of pyruvate, these percentage 

increases were reduced to 81% and 80%, respectively. Therefore pyruvate exhibited a 

suppressive action on granulocytes both in healthy individuals and DM patients. One 



53 

 

effect of LLLT could be on pyruvate levels associated with a metabolic signaling 

pathway depending on the oxidizing profile of the target cell. Pyruvate is associated 

with protection of different cells against oxidative damage through non-enzymatic 

scavenging of ROS including H2O2 (48). Therefore, pyruvate could selectively cause 

reduction of H2O2 to prevent the generation of the hydroxyl radical (OH•). On the other 

hand, Karu(49) reported that laser photobiomodulation decreased production of 

superoxide anion and also increased catalase activity (antioxidant), leading to an 

increased protein synthesis in a culture of yeast cells.  

An important factor to consider is that during oxidative stress, membrane lipids 

are continuously subjected to lipid peroxidation, shown by an increase in TBARS. In 

diabetes, lipid peroxidation is a possible factor that influences insulin resistance. 

Previous studies (41) found high TBARS levels in the blood and in the lung tissue in 

diabetes mellitus, suggesting that lipid peroxidation occurred in the first 60 days after 

onset of the disease. In this context, Silveira et al.(31) demonstrated a significant 

reduction of lipid peroxidation in rats treated with 2 J/cm2 and 4 J/cm2, suggesting that 

LLLT stimulated antioxidant mechanisms that protected against oxidative damage in 

lipid membranes. In our study, LLLT significantly reduced the amount of MDA 

generated in the skin of the mice (Table. 2). Many studies in experimental models have 

shown that LLLT can modulate ROS/RNS by lowering lipid peroxidation (TBARS and 

MDA) (50, 51) and reducing RNS by inhibiting synthesis of iNOS(51), and increasing 

the activity of respiratory (41) chain for increased ATP synthesis. However, it is 

important to emphasize that the effects of LLLT could depend on the total energy, 

power density, timing and frequency of irradiation, and the wavelength and other 

characteristics of the laser or light source used (7). 

 

5.0 CONCLUSIONS 

 In this work our findings in the wounds of diabetic animals indicated a possible 

protective effect that 904 nm laser could have on the microvasculature, with lowered 

levels of nitrite, and increased protection against oxidative damage in lipid membranes. 

Besides, the better-organized and increased amount of collagen fibers demonstrated that 

LLLT could be effective in clinical practice with poorly healing diabetic wounds.  
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ABSTRACT 

 

Diabetes Mellitus causing a delay on healing and its main complications are 

chronic inflammation, a decrease in collagen production and extracellular matrix. 

Objective: This study investigate Phototherapy (Laser and LED) effects on healing skin 

in diabetic animals and possible mitochondrial mechanisms involved. Methods: Twenty 

Wistar rats were randomized into groups: control group, incision without any treatment 

(SHAM), diabetic group, incision without any treatment (NID), diabetic laser group, 

incision irradiated group (DLASER) with Laser 904 nm, 40 mW, 1 min, 2,4 J, diabetic 

LED group, incision LED irradiated group (DLED), irradiated with LED 805 nm, 48 

mW, 22 s, 1,056 J. Diabetic groups were submitted one injection with streptozotocin 

(70 mg/kg). 120 days after diabetes induction new glycemic analysis were performed to 

confirm chronic diabetes status. After that a cutaneous incision was made on the dorsum 

animal. Histological parameters, collagen with comparative study between picrosisrius 

and atomic force microscopy, VEGF, COX2, FIS1 e MFN2 imunoexpression were 

analyzed. Results: The comparative study between AFM and picrosirius red stain 

showed in NID a discrete deposition of immature collagen matrix. DLASER 

demonstrated an intense deposition of an organized and immature collagen. The DLED 

showed a moderate deposition of mature collagen matrix. The expression of VEGF 

demonstrated differences only 5th day between NID versus DLED (p < 0,005). 

Immunoexpression of COX-2 showed on 5th day there was differences between NID 

versus DLED (p < 0,005). Diabetic irradiated groups showed statistic increase in MFN2 

during the experiment (p=0,04) and NID, DLASER and DLED increased FIS1 scores 

(p=0,04). Conclusion: We can see that the infrared wave beam, both laser and LED can 

have altered, expression of VEGF and COX2 and FIS1 and MFN2 and proliferation of 

mature collagen fibers in diabetic animals. 

Keywords: Wound healing, diabetes mellitus type 1, LED, FIS1, MFN2 
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INTRODUCTION 

Diabetes Mellitus (DM) defines a group of chronic metabolic diseases 

characterized by hyperglycemia due to insufficient production of insulin and / or insulin 

resistance (1). DM can cause impaired wound healing by affecting one or more 

biological mechanisms of the process (2, 3). However, the exact mechanism of poor 

healing of wounds in DM is still unclear but there is evidence that this process has been 

associated with poor angiogenesis and fibroplasias, small amounts of collagen fibrils, 

and low collagen production(2, 4, 5). In addition, wound healing with DM has been 

shown to be associated with persistent inflammatory state with elevated levels of pro-

inflammatory cytokines and proteases together with impaired expression of growth 

factors such as platelet-derived growth factor (PNIDF), vascular endothelial growth 

factor (VEGF) which are essential for wound healing to progress as well as the 

induction of new blood vessels  (3) 6). Still, diabetes is characterized by COX-2 

expression up-regulated, which leads us to believe an important role in this prolonged 

inflammation (7). In this context, the clinical demand for therapeutic strategies to 

promote wound healing in diabetic patient has been growing in recent years  

 Innovative clinical approaches such as phototherapy by Low Level Laser 

Therapy (LLLT) or Light-Emitting Diode Therapy (LED) has been developed in order 

to stimulate the wound healing. Phototherapy increases mitochondrial proteins and 

improves function. Also it is an attractive strategy for promoting cell repair and 

regeneration, preserving organ function and treating a number of pathologies resulting 

from damage/inhibition of mitochondrial function(8). The use of light has been related 

the ability to improve collagen production and wound healing. There are a few decades 

LLLT is a light coherent and it has emerged as a safe and effective therapeutic in the 

inflammatory process (9) proliferative (10, 11) and remodeling (11, 12) that make up 

the wound healing process in the skin.  

 LED has been proposed as a new and inexpensive alternative to Phototherapy 

(13, 14). Despite the beneficial effects already observed by laser, these devices require 

high energy and are still relatively expensive. Light emitting diodes (LEDs) is a light a 

no coherent and it has been presented as therapeutic alternatives less expensive, LEDs 

are small and robust devices emit electromagnetic radiation which varies in wavelength 

ultraviolet to infrared normally generate light of low intensity in the mW range (15). 

Early studies, LED was implicated to promote pain relief (16), improve muscle 

performance (17)  minimize muscle fatigue (18) and stimulate wound healing (19). 
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However, data on monotherapy with LEDs in wound healing is limited and new 

approaches are necessary. 

 Despite the positive effects of LLLT and LED on the stimulation of wound 

healing demonstrate by many authors (9, 11, 15, 19-21), there is a lack of information 

about the effects of these therapies on this process. Moreover, works describing the 

comparative effects of LLLT and LED on the tissue healing process in diabetic and non-

diabetic ulcers is still scarce. Thus, with the techniques capable of detect structures and 

forces in the nanoscale range such as atomic force microscope (AFM) it has possible to 

examine collagen deposition during the wound healing. Atomic force microscope 

(AFM) helps to collect quantitative data from extracellular matrix molecules, which 

advantages include rapid specimen preparation and can provide valuable information on 

nano-mechanical properties of extracellular matrix components. In the present study 

were compared the effects of low power laser (904nm) and LED (805 nm) on the tissue 

healing process in diabetic and non-diabetic ulcers at two time points (3th and 5th days 

post lesion) having as parameters histologic analysis, extracellular matrix using AFM 

and collagen amount. COX-2, VEGF, FIS1 and MFN2 expressions to understand 

involved mechanisms in this repair mechanism. 

METHODS 

Experimental design 

This study was conducted according to the Guiding Principles for the Use of 

Laboratory Animals and it was approved by the Animal Care Committee guidelines at 

Federal University of Ceará (protocol 01/2013). In this investigation, 20 male Wistar 

rats were used (45 days of age and weight 200-250 g), maintained under controlled 

conditions of temperature (24 ± 2°C) with light–dark periods of 12 h, with free access to 

water and commercial diet.  

The experimental animals were randomly distributed into groups (n=5 each 

group): SHAM group, incision without any treatment (Sham), diabetic group, incision 

without any treatment (NID), diabetic laser group, incision irradiated group (DLASER), 

diabetic LED group, incision LED irradiated group (DLED).  

   Diabetes induction 

The animals of Sham group were submitted an only one mesenteric injection 

with 0,022 mL NaCl 0,9% solution. Animals of diabetic groups (NID, DLASER and 

DLED) were submitted an only one injection with stretptozotocin (70 mg/kg citrate 

buffer, pH=4.5). Six hours after administration, the animals had their water supply 
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replaced by an aqueous solution of glucose (10%) for 24 hours, six days after the 

injection, blood sugar level was verified and only animals with blood sugar levels of 

300 mg/dL or higher entered the study (22). In order to test blood glucose levels, the 

whole blood of each experimental rats were drawn from the tail vein and immediately 

determined using test strips read by a blood sugar machine (Accu-Chek Active, Roche, 

Basel, Switzerland). 

Surgical procedures 

Before surgical incision, new glycemic analysis was performed to confirm chronic 

diabetes status in diabetic groups. The animals were anesthetized by intraperitoneal 

injection of thiopental (40 ml/ kg i.p. Cristália®, Itapira, Brasil). Each animal was 

placed in prone position to perform trichotomy of dorsal region and disinfected with 

povidone iodine and were cut with a carbon steel surgical blade until the depth reached 

the hypodermis. In order to standardize the lesions, a surgical field with a gap of  2 mm 

width and 2 cm long was used, with reference to the animal's posterior iliac crest, which 

was labeled with pen soluble in alcohol (23). The health status of the animals was 

monitored on a daily basis. The animals were housed in pairs and the intake of water 

and food was monitored in the initial postoperative period. According to each 

experimental period, animals were euthanized according figure 1: 

 

Figure . 1 Experimental design 

Treatment 

The animals denominated were irradiated with Laser (904 nm, 40 mW, 1 min, 

2,4 J) and animals denominated DLED were irradiated with LED (805 nm, 48 mW, 22 
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s, 1,056J J). The application time varied according to the equipment used and has been 

created automatically (Table 1). The choice of the types of treatment was made due to 

lack of consensus in the literature on the effects of processing parameters on the 

outcome of LLLT. 

Table. 1 Phototherapy treatment 

 LLLT LED 

Λ 904 nm 805 nm 

Average radiant power  40 mW 48 mW 

Fluency 18,33 J/cm2 14,69 J/cm2 

Time 1 min 22 s 

Energy 2,4 J 1,056 J 

Beam spot size at target 0,1309 0,196 

Technique contact contact 

Number of points 

irradiated 

1 1 

Number and frequency of 

treatment sessions 

1 x / day/ 5 consecutive 

days 

1 x / day / 5 consecutive 

days 

 

Histopathological analysis 

Rats were individually euthanized by carbon dioxide asphyxia in different set points (3 

days and 5 days after incision). Skin samples were fixed in 10 % buffered formalin 

(Merck, Darmstadt, Germany) for 24 h. Afterwards, dehydrated and embedded in 

paraffin blocks. Three sections (5 μm) of each specimen were transversely sectioned 

(Microtome Leica Microsystems SP 1600, Nussloch, Germany) and stained with 

hematoxylin and eosin (H.E. stain, Merck, Darmstadt, Germany). The histopathological 

analysis was performed with an optical microscopy (Olympus Optical Co., Tokyo, 

Japan) and scoring according to the following parameters: granulation tissue, 

inflammatory process, area of fibrosis and angiogenesis. The criteria used on this 

analysis were used previously (22, 24). Each criterion was scored as absent, discrete, 

moderate, or intense according to the percentage of the phenomenon observed. 

Collagen Analysis 

For collagen study sections stained with picrosirius red were examined 

microscopically and the images used for analysis were captured by microscopy 



66 

 

(Olympus Optical Co., Tokyo, Japan) and light field 20X objective using a capture 

system AxioVision 4.7.2.0 software v (Carl Zeiss, Germany). The processing and image 

analysis were performed using the public domain software ImageJ 1:49, 64-bit version 

(National Institutes of Health, Bethesda, USA; http://rsbweb.nih.gov/ij/), using plugin 

color deconvolution. The images were analyzed and were collected data about relative 

percent on total tissue. 

Atomic Force Microscopy 

The images were investigated in a Flex Nano surf equipment. The samples 

were scanned vibrational mode using Nano sensors model NCSTR from Nano world 

cantilevers with typical resonance frequency of 160KHz. The histological samples were 

fixed in 10 % buffered formalin (Merck, Darmstadt, Germany) for 24 h. Afterwards, 

dehydrated and embedded in paraffin blocks. Three sections (5 μm) of each specimen 

were longitudinally sectioned (Microtome Leica Microsystems SP 1600, Nussloch, 

Germany) and deposited over glass slides. During the paraffin removal process the 

tissue was rehydrated.  

Immunohistochemistry 

 Histological sections (5 μm) were dewaxing using xylene and rehydrated in 

graded ethanol. After, the material was pre-incubated with 0.3 % hydrogen peroxide 

(Labsynth®, Diadema, Brazil) in phosphate-buffered saline (PBS) solution for 10 min 

in order to inactivate endogenous peroxidase and then block with 5 % normal goat 

serum in PBS solution for 20 min. Three sections of each specimen were incubated for 

2 h with polyclonal primary antibody anti-Cyclooxygenase-2 (1:500, Santa Cruz 

Biotechnology, Santa Cruz, USA), anti-Vascular endothelial growth factor (1:500, 

Santa Cruz Biotechnology, Santa Cruz, USA), Mitofusin 2 (MFN2) (1:900, Santa Cruz 

Biotechnology, Santa Cruz, USA) and Mitochondrial fission 1 protein (FIS1) (1:800, 

Santa Cruz Biotechnology, Santa Cruz, USA).  Afterwards, the sections were incubated 

with biotin conjugated secondary antibody anti-rabbit IgG (Vector laboratories, 

Burlingame, CA, USA) at a concentration of 1:200 in PBS for 30 min, followed by the 

application of preformed avidin biotin complex conjugated to peroxidase (Vector 

Laboratories, Burlingame, CA, USA) for 30 min. A solution of 3-3’-diaminobenzidine 

solution (0.05 %) and Harris hematoxylin were applied. The expression of COX-2, 

VEGF was assessed qualitatively (presence and location of the immunotargets) and 

semi-quantitatively in five fields using an optical light microscope (Olympus Optical 

Co., Tokyo, Japan). According to previous studies, for quantify of positive cells per 

http://rsbweb.nih.gov/ij/
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field we used IHC Profiler plugin compatible with software ImageJ (25) and was 

described by a scoring scale from 1 to 4 (26) (1= negative, 2= low positive, 3= positive, 

and 4= high positive). 

Statistical analysis 

Histopathological, immunohistochemistry and collagen analysis were 

performed under double blind conditions for multiple comparisons, data were examined 

by the analysis of variance (ANOVA) repeat measures, followed by Tukey’s test. The 

significance level was 5%. Differences were considered statistically significant when p 

< 0.05.  

RESULTS 

Histopathological analysis 

SHAM group 

The groups were compared using hematoxylin eosin stain and was observed in SHAM 

group on 3th day a typical chronic ulcer, partial reepithelization, a moderate 

inflammatory infiltrate lymphocytic and a discrete granulation tissue. In 5th Day 

discrete inflammatory infiltrate, healing partially complete, discrete amount of 

fibroblasts. A moderate amount of granulation tissue rich in newly formed blood vessels 

was observed with fibroblasts fusiform.  

Diabetic group (NID) 

In 3th Day, the group presented a large chronic ulcer, an intense inflammatory infiltrate 

lymphocytic and a discrete granulation tissue. In 5th Day moderate inflammatory 

infiltrate, discrete amount of fibroblasts and a discrete granulation tissue poor in newly 

formed blood vessels. A few amount of fibroblasts fusiform and a discrete deposition of 

a disorganized and immature collagen matrix was observed. (Figure 1) 

 

DLASER group 

In 3th day, animals showed a chronic ulcer, with inflammatory infiltrate, granulation 

tissue and fibroblasts amount moderate. In 5th day discrete inflammatory infiltrate, 

moderate amount of fibroblasts and some moderate granulation tissue rich in newly 

formed blood vessels. An intense amount of fibroblasts fusiform and a moderate 

deposition of an organized and immature collagen matrix was observed. (Figure 1) 

 

DLED group 
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In 3th day the DLED group showed discrete presence of granulation tissue and a 

typically discrete chronic inflammatory reaction, with few acute inflammatory cells and 

fibroblasts. The dermis showed an intense amount of newly formed blood vessels. In 

5th day a discrete amount of granulation tissue and an intense amount of fusiform and 

triangular fibroblasts was also observed. The reepithelization process was advanced and 

a moderate to intense deposition of mature collagen matrix was showed. (Figure 1) 

 

Figure . 2 comparative slides on 3 th and 5th day post treatment.On 3 th day showing a moderate inflammatory 
infiltrate lymphocytic and a discrete granulation tissue (a), an intense inflammatory infiltrate 
lymphocytic and a discrete granulation tissue (b), a chronic ulcer, with inflammatory infiltrate, 
granulation tissue and fibroblasts amount moderate (c) and discrete chronic inflammatory reaction, with 
few acute inflammatory cells and fibroblasts (d). On 5th day Photomicrograph showing an discrete 
inflammatory infiltrate, healing partially complete, discrete amount of fibroblasts (e) discrete 
granulation tissue poor in newly vessels (f), moderate deposition of an organized and immature collagen 
matrix was observed (g), a moderate deposition of mature collagen matrix (h).SHAM=incision without 
any treatment; NID= diabetic group, incision without any treatment, DLASER=diabetic laser group, 
incision irradiated group, DLED=diabetic LED group, incision LED irradiated group. 

 

Collagen Analysis 

Data about relative percent of content of collagen on total tissue revealed a statistical 

difference between the SHAM group x DLASER (p = 0.01) and between DLASER x DLED (p 

= 0,009). Another differences can be observed in table 1: 

GROUPS % COLLAGEN FIBERS (Means) 

SHAM (a) 6.08 + 0.80 b 

NID (b) 3.01 + 0.10 a 

DLASER (c) 11.38 + 0.1b 

DLED(d) 3.56 + 0.5c 

Table. 2Statistical analysis using morphometric computational systems to determine amount collagen analyzed on 

5th day by analysis of variance (ANOVA). Statistical analysis using morphometric computational systems to 
determine amount collagen analyzed on 5th day by analysis of variance (ANOVA) The 3th day period not 
showed because no significant differences were observed. Groups: non-diabetic control (Sham), diabetic 
non treated (NID), diabetic treated with LLLT (DLASER) and diabetic LEDT treatment (DLED). a versus 
Sham group; b versus NID group; c versus DLASER group. Date are showed mean + SEM. The significance 
level was set at p < 0.05.   
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Atomic Force Microscopy 

A comparative study between AFM and picrosirius red stain was made to 

analyses the interaction between collagen fibers and matrix cellular formation in 

hyperglycemic conditions. In the 3th day no differences were observed between groups. 

However, on 5th day SHAM group picrosirius red stain showed a disorganized collagen 

fibers and a discrete extracellular matrix with an incipient organization and the AFM 

discrete amount of fibers was observed but the network of interwoven fibers 

characteristic of the extracellular matrix has not yet formed. In diabetic control group 

(NID) picrosirius red stain evidenced a discrete deposition of a disorganized and 

immature collagen matrix and a few of fibers in extracellular matrix was observed in 

AFM. In other hand, DLASER group show a moderate deposition of an organized and 

immature collagen matrix was observed in AFM. In DLED group picrosirius red stain 

showed a deposition of mature collagen matrix and AFM showed an organized 

deposition (Figure 3).  
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Figure . 3Histologic slides of skin diabetic mice and non-diabetics on the 5th day of post-surgical SHAM groups, 
NID. DLASER and DLED. A) Blades analyzed by atomic force microscopy (blue arrows indicate fibers that 
make up the ECM). Red arrows in show the formation of new blood vessels. B) Staining with picrosirius 
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red (white arrows links point to collagen fibers). SHAM=incision without any treatment, diabetic group, 
NID=incision without any treatment, DLASER=diabetic laser group, incision irradiated group, 
DLED=diabetic LED group, incision LED irradiated group. 

 

Immunohistochemistry   

VEGF. The findings indicated that the groups evolved differently between times 

3th and 5th days. No differences were observed between groups at time 3th day. The DLED 

group demonstrated a statistically higher expression of VEGF than the NID (p = 0.000), 

DLASER (p = 0.02) and SHAM (p=0,002) after 5 days (Figure 4). 
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Figure . 4. Mean an SD scores for immunostaining of VEGFFigure 4. Mean an SD scores for immunostaining of 
VEGF. Significant differences of p = 0,00 are represented with a single asterisk; two asterisks p=0,002. 
SHAM=incision without any treatment; diabetic group, NID=incision without any treatment; 
DLASER=diabetic laser group, incision irradiated group; DLED=diabetic LED group, incision LED irradiated 
group.  

 

COX-2. The labeling for COX-2 occurred in the DLED significantly lower 

marking than the DLASER (p= 0,001) after 3 days. Already in five days the DLED 

showed a significantly lower marking compared to the NID (p = 0.008) and DLASER 

(p = 0.005). In addition, SHAM group demonstrated significantly lower scores than the 

NID (p = 0.001) (Figure 5). 
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Figure . 5.Mean an SD scores for immunostaining of COX-2.Figure 5. Mean an SD scores for immunostaining of 
COX-2. Significant differences of p = 0,001 are represented with a single asterisk; two asterisks p=0,008; 
three asterisks p= 0,005. SHAM=incision without any treatment, diabetic group; NID=incision without 
any treatment; DLASER=diabetic laser group; incision irradiated group; DLED=diabetic LED group; 
incision LED irradiated group.  

 

MFN2. On 3th day DLASER group showed lower scores compared to SHAM 

group (p = 0.02). On 5th day the NID group had the lowest scores with significant 

differences with DLED groups (p = 0.000), SHAM (p = 0.001). In addition, differences 

between the DLASER and DLED groups (p = 0.001) was observed. (Figure 6): 
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Figure . 6Mean an SD scores for immunostaining of MFN2Figure 6. Mean an SD scores for immunostaining of 
MFN2. Significant differences of p = 0,00 are represented with a single asterisk and p=0,04 by two 
asterisks. SHAM=incision without any treatment, diabetic group; NID=incision without any treatment; 
DLASER=diabetic laser group; incision irradiated group; DLED=diabetic LED group; incision LED irradiated 
group.  

 

FIS1. On 3th day it’s possible to observe that the LED group showed a 

statistically lower scores than the other groups (p = 0.000). In the five days DLED 

demonstrated statistically lower compared to DLASER (p = 0.000) and NID (p = 

0.001). Also, DLASER showed statistically higher than the SHAM (p =, 000) (Figure 

7). 
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Figure . 7.Mean an SD scores for immunostaining of FIS1Figure 7. Mean an SD scores for immunostaining of 
FIS1. Significant differences of p = 0,04 are represented with a single asterisk. SHAM=incision without 
any treatment, diabetic group; NID=incision without any treatment; DLASER=diabetic laser group; 
incision irradiated group; DLED=diabetic LED group; incision LED irradiated group.  

 

 DISCUSSION 

The objective of this study was to compare the use of LED and laser in the 

treatment of ulcers in diabetic rats at 3 and 5 days’ post injury. Data showed a discrete 

presence of granulation tissue and a typically discrete chronic inflammatory reaction, 

with few acute inflammatory cells of inflammatory infiltrates in irradiated animals, 

especially DLED group on 3th and 5th days. The content of collagen was significantly 

higher in irradiated animals by Laser which was confirming with AFM that showed a 

larger organization of these fibers. Immunohistochemistry analysis demonstrated that 

the formation of new vessels, which was expressed by dialing VEGF increased in 

irradiated groups, especially the LED and a lower marker of COX-2 and showed 

indications that low-intensity phototherapy was able to produce changes in 

mitochondrial homeostasis (fission / fusion) through the changes of FIS1 and MFN2 

levels when compared to control groups. 

In diabetes, there a disturbance in clot formation and the inflammatory phase is 

deregulated (27) often with a prolonged and excessive inflammatory response. Our 

results using LLLT and LED show a decreased of inflammatory process in the injury 
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site and Phototherapy enhanced wound healing in diabetic mice, as evidenced by 

histopathological evaluation of wounds of treated and untreated animals. The results of 

this study indicate that an irradiation Laser 904 nm, 40 mW, 1 min, 2,4 J, and LED 805 

nm, 48 mW, 22 s, 1,056 J accelerates wound healing in induced diabetic rats. The 

treated animals showed a better quality of scar tissue and inhibitory effects were not 

found in any of the therapies employed. Our findings agree with Peplow et al (20) that 

used Laser photobiomodulation of wound healing in diabetic and non-diabetic mice. 

The authors showed that non-irradiated animals on the 14th day had a partial 

inflammatory exudate, with the inflammatory response of the grouping of moderate to 

intense. By contrast, the irradiated animals with LLLT 1.6 J demonstrated no 

inflammatory exudate and only minimal inflammatory response, with collagen fibers 

that filled the whole edge of the wound in his work. 

The healing of a wound requires a well-orchestrated integration of the complex 

biological and molecular events of extracellular matrix (ECM) deposition and 

angiogenesis. Collagen is a major component ECM and is synthesized due to the 

balance between synthesis and degradation of matrix(28). Healing in patients with 

diabetes is associated with the loss of collagen, which can be due to a change in 

synthesis of metalloprotease enzymes, increased metabolism, or a combination of both 

(45). Our comparative study between picrosirius red stain and AFM showed convergent 

results with collagen deposition increased and matrix extracellular formation it was 

more organized, respectively. These results corroborate with Singer et(29) al that links 

angiogenesis and wound contraction and matrix deposition, aided by such growth 

factors as fibroblast growth factors, and vascular endothelial growth factor.  

Despite the enormous amount of research on the pathogenesis of delayed 

healing diabetes(6, 11, 20, 21, 30) still there no clear answer and seems to be a result of 

disease and micro / macrovascular (21) as well as inadequate angiogenesis. There 

evidence that diabetic animals have reduced vascular density, damage to VEGF 

signaling and reduced collateral perfusion, which demonstrates an impaired endogenous 

angiogenic response (31). Our findings indicated that on 3th day the effects of LLLT 

and LED on VEGF of expression were not noticed but over the five days of treatment 

there was increase expression of this factor in DLED compared to Sham, NID and 

DLASER. These results are important because some authors noted that diabetic db / db 

mice possessed altered sensitivity to exogenous signals such as VEGF and IGF 1 as 

well as the ability to change the release of cytokine and indicates a stimuli effect over 
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proliferation and migration of endothelial cells according another authors (32). 

Moreover, expression of COX-2 showed that DLED was higher compared to DLASER 

3 th day but on 5th day the diabetic animals treated with LED showed the less levels 

compared to DLASER. These data may partly be explained by the fact that COX-2 have 

been confirmed to participate in this process and regulate the expression of VEGF (7). 

Besides, COX-2 has been intensely studied for many years as an inflammatory 

mediator, and the up-regulation of COX-2 expression has been associated with the up-

regulation of VEGF in various tissues (33, 34). These results support the results on the 

reduction of the inflammatory infiltrate in DLED animals and the formation of new 

blood vessels observed in atomic force microscopy.  

In addition, mitochondrial dysfunction is considered to be a critical component in 

the development of insulin resistance and type 1 diabetes (35, 36). It has been known 

that altered mitochondrial fusion promotes mitochondrial elongation and disorganized 

fission leads to exacerbated increased fragmentation of mitochondria, both hurting 

mitochondrial function (37). Diabetes and oxidative stress it generates excessive 

mitochondrial fission activate leading to mitochondrial damage and injury cellular (38). 

In mammals, mitochondrial fusion is controlled by MFN1 and MFN2 on the 

mitochondria outer membrane and the inner membrane. Bach et al (2005) and 

Hernandez-Alvarez (2010) reported that MFN2 expression is reduced in skeletal muscle 

of obese and diabetes type 2 and that deficiency of MFN2 produces mitochondrial 

dysfunction, increases the concentration of H2O2, leading to insulin resistance in 

skeletal muscle and liver (39, 40). The mitochondrial fission is regulated by cytoplasmic 

protein dynamin-related protein 1 (Drp1), which moves the outer mitochondrial 

membrane and participates in the fragmentation reaction. Furthermore, FIS1 protein that 

presumably functions as the adapter in external mitochondrial fission protein Drp1 (37). 

Our findings showed increased MFN2 scores on irradiated diabetic animals with Laser 

and LED and which leads us to think that a possible mechanism of action of 

phototherapy on the tissue healing process is the modular homeostasis between fusion 

and fission mitochondrial. 

Although healing in mice skin not accurately portrays what happens on human 

skin, countless studies using mouse models to examine the laser interactions in the 

skin(20, 41). Our findings lead us to believe that LLLT infrared wave spectrum was 

effective in stimulating collagen production well as in the formation of extracellular 

matrix in animals with chronic diabetes, and the LED showed significant results as to 
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minimize inflammation and stimulate the formation of new vessels, even though the 

laser showed a very effective action on the formation and organization of the ECM and 

collagen fibers. What draws our attention were the differences between Laser and LED 

on the scheduling of the factors involved in mitochondrial function (FIS1 and MFN2), 

suggesting different mitochondrial mechanisms of action, with the LED modulating 

mitochondrial fusion and laser on mitochondrial fission. A possible explanation of 

differences between immunoassayed FIS1 and MFN2 related phototherapy given by the 

laser and the LED is that, although the wavelengths are the same, except LED 

consistency could be an interesting variable in order to promote an outcome adaptation 

of mitochondria new energy offers (quanta), also explaining the differences between the 

LED and Laser in the organization and distribution of the fibers of the matrix observed 

in AFM. 

We believe that this study can provide information to help ensure that new 

research be conducted in order to understand whether there is indeed a difference 

between action mechanisms between Laser and LED related mitochondrial dysfunction 

function 

CONCLUSIONS  

It was demonstrated that the delay in healing of diabetic ulcers was dependent 

phototherapy, by angiogenesis incremented (VEGF) and inflammation decreased 

(COX-2), effects which resulted in a more organized collagen formation in irradiated 

groups. A possible explanation about this better healing over  irradiated tissue can be 

attributed to a photobiomodulation mechanism on mitochondrial homeostasis, 

especially between mitochondrial fusion and fission (FIS1 and MFN2). When 

comparing the effects of Laser and LED could identify the LED was more beneficial in 

reducing the inflammatory process by biomodulation mitochondrial fusion. We cannot 

completely rule out other mechanisms, because there are other intricate signaling 

pathways involved. However, these observations provide a basis for future research on 

the potential therapeutic implications of LBI and LED in the diabetic cure. 
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ABSTRACT 

Pancreatic lesions can produce diabetes. Laser Low Level Therapy and Light-Emitting 

Diode Therapy are seen as safe and effective Phototherapies over cell proliferation and 

regeneration. Aims/hypothesis: Were analyzed effects of Laser Low Level Therapy and 

Light-Emitting Diode Therapy on the pancreas after injection of streptozotocin and its 

implications on the carbohydrate metabolism. Methods: Twenty Wistar rats were 

randomized into groups: non diabetic control, diabetic control, diabetic treated with 

Laser and diabetic treated with Light-Emitting Diode. Except non diabetic control group 

all of animals were induced to diabetes type I by streptozotocin. Treated groups were 

irradiated by Low Level Laser Therapy and Light-Emitting Diode Therapy for 5 

consecutive days and monitored for 30 days. Histological analysis, hepatic and muscle 

glycogen and intraperitoneal insulin tolerance test (IPITT) and intraperitoneal glucose 

tolerance test (IPGTT) were performed. Results: Low Level Laser Therapy and Light-

Emitting Diode Therapy altered Metabolic features. Diabetic treated with Laser group 

and diabetic treated with Light-Emitting Diode group showed hypertrophy in islets and 

ducts (p = 0,001). Intraperitoneal insulin tolerance test and Intraperitoneal insulin 

tolerance test showed differences between diabetic control and diabetic treated. In 

diabetic control group the hepatic glycogen content was 232 % and 296% smaller than 

diabetic treated with Laser and diabetic treated with Light-Emitting Diode group 

respectively. Furthermore, in diabetic control group the glycogen content of the 

gastrocnemius muscle was 680 % and 706 % smaller when compared with diabetic 

treated with Laser and Laser and diabetic treated with Light-Emitting Diode group 

respectively. Conclusions: this study shows that Phototherapy was able to modify 

histologic and metabolic features as well as altered carbohydrate metabolism on diabetic 

animals. 

 

Keywords: glycogen. Pancreatic ducts. islets of Langerhans. Phototherapy. Diabetes 

Abbreviations 

LLLT - Low Level Laser therapy  

T1DM -Type 1 diabetes mellitus  

T2DM-Type 2 diabetes mellitus  

STZ - streptozotocin  

LEDT - Light-Emitting Diode Therapy 

i.p. -intraperitoneal  
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IPITT- intraperitoneal insulin tolerance test  

IPGTT- intraperitoneal glucose tolerance test  

MSCs - mesenchymal stem cells  

CSCs - cardiac stem cells  

MFN2 - mitofusin  

ROS- reactive oxygen species 

 

INTRODUCTION 

Pancreas injury treatment remains a challenge of the world. Advances are 

necessary to reduced morbidity and mortality rates following this severe injury and 

Phototherapy can be a possible treatment to optimize the tissue repair process [1, 2]. 

The application of light in diseases that increases stress conditions, preventing cell death 

and tissue damage has been known but, some mechanisms involved in this response 

remain unclear, notably in laser effects on mitochondrial mechanism[3]. The biological 

mechanism the effects of Phototherapy is absorption of red and infrared light by 

cytochrome c oxidase at complex IV of mitochondrial chain [4, 5]. Also enhances 

mitochondrial respiration, ATP production and increases proton gradient, leading to an 

increased activity of the Ca2+/Na+ antiporters, Na+/K+ ATPase and Ca2+ pumps[3] . 

Type 1 diabetes mellitus [T1DM) occurs due loss of endocrine beta cells via 

autoimmune destruction and type 2 diabetes mellitus [T2DM] beta cell failure, due 

increased stress what makes us believe that diabetes in fact results from an inadequate 

beta cell mass[6]. Regardless of, hyperglycemia and type-2 diabetes can develop when 

beta cell compensations fail to adapt to the increasing insulin requirements  imposed by 

insulin resistance [7]. In this way, some studies propose that insulin resistance and type 

2 diabetes mellitus (T2DM) are caused by mitochondrial dysfunction. This is supported 

by an association between mitochondrial dysfunction and reduced insulin sensitivity, as 

well as an impaired beta cell function in the pancreas  [8, 9].  

An early study[8] evidenced that newly generated beta cells came from beta cells, 

and showed endocrine cell plasticity under physiological circumstances. In other hand, 

Bonner-Weir [10] et al assess the ability human ductal cells to differentiate into islet 

pancreatic using human pancreatic remnants of pancreas transplant donors. However, it 

is not known whether similar cell fate conversions could occur after streptozotocin-

induced injury. Additionally, the present findings seek to elucidate the plasticity and 

pivotal adjustment of cell secretion process in compensatory beta answers the endocrine 
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pancreas when subjected to phototherapy. The aim of this study was analyzed effects of 

two types of phototherapy (LLLT and LEDT) on the pancreas after injection of 

streptozotocin (STZ) and its implications on the carbohydrate metabolism. 

MATERIALS AND METHODS 

Animals 

This work was approved by the Animal Care Committee guidelines at Federal 

University of Sao Carlos (protocol 052/2013) and managed according to the Guide for 

the care and use of laboratory animals. In this study, 40 male Wistar rats were used (10 

weeks old and weighing + 200 g), and were maintained under controlled conditions of 

temperature (25 ± 2 C) with light–dark periods of 12 h, with free access to water and 

commercial diet, except in experiment days when were submitted fasting.  

Diabetes induction 

Wistar rats with 8 weeks, 250g, were fasted 12 hours before intraperitoneal 

injection of streptozotocin (solution 70mg/kg - STZ)[11] with citrate buffer (pH 4.5) 

and six hours after administration, animals had their water supply replaced by an 

aqueous solution of glucose (10%) for 24 h. The state diabetic was confirmed by 

determination of blood glucose level on the 7th day of STZ administration. Rats with 

fasting blood glucose level > 13,88 mmol/l were selected for experimentation.[7]  

 

Light Treatments (LLLT / LED Treatments) 

 

A low-power Ga-Al-As laser (Photon Laser III, DMC® São Carlos, São Paulo, Brazil) 

was used with parameters: 808 nm, continuous wave diode, with a 0.028 cm2 spot area, 

a power output of 100 mW, fluence at 78 J/cm2 (irradiation time of 22s, energy per 

point 2.2 J), The LEDT equipment was a prototype and following parameters were 

used: λ = 850 nm; 48 mW, 22 s; spot diameter 5mm, spot area 0,196cm²,0,098 J) was 

applied on  pancreas projection area LEDT using the same conditions of the LLLT 

technique. To assure that irradiation occurred on the same local in all of animals, a 

plastic artifact was made with 30 x 30 cm and was localized over the hip articulation 

(Figure 1). After the last day of irradiation, the animals were killed and pancreas 

removed for subsequent analysis. The treatment parameters can have observed in Table 

1: 
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Table . 1. Device Information, Irradiation and Treatment Parameters 

 LLLT LED 

 

Type 

 

Ga-Al-As Semiconductor Diode 

Laser 

 

Diode LED 

Model Photon Laser III, DMC® São 

Carlos, São Paulo, Brazil 

prototype 

Wavelength 808nm         850 nm 

Operating mode Continuous wave Continuous 

wave 

Spot diameter 0.1309 5mm 

Spot area 0.028 cm2 0,196cm² 

Output Power 100mW 45 mW 

Fluence 78,5 J/cm2 

 

5,51 J/cm2 

Irradiation time 

per session 

22 seconds 22 seconds 

Energy per point 

per session 

2.2 J 0,99 J 

Application 

technique 

Over hip joint.  Was used a plastic artifact to assure 

that irradiation occurred in the same local in all of 

animals. 

Number and 

frequency of treatment 

sessions 

Five consecutive days totalizing 5 sessions of 

treatment. 
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Groups 

After diabetes induction the animals were randomly divided into four groups: 

Sham group (n=5): Non-diabetic control rats that receive LLLT treatment on 

mode off during 22s for five consecutive days and follow up for thirty days (Placebo 

effect). 

  NID group (n=5): Diabetic rats that receive LEDT treatment on mode off during 

22s for five consecutive days and follow up for thirty days (Placebo effect in diabetic 

animals).  

DLASER group (n=5): Animals were diabetic induced with a single injection of 

streptozotocin and after seven days’ post streptozotocin injection they were irradiated 

with Photon Laser III (DMC) at one point over the pancreas region using the punctual 

contact technique for five consecutive days and following for thirty days. 

DLED group: Animals were diabetic induced with a single injection of 

streptozotocin and after seven days’ post streptozotocin injection they were irradiated 

with LEDT (prototype) at one point over the pancreas region using the punctual contact 

technique for five consecutive days and following for thirty days. 

 

 

Figure. 1 Application technique shows plastic artifact used for standardization of the application of LLLT 

technique and LED. Note is that the animals were not anesthetized during treatment so as to not change 
the metabolic profile of the treated animals. The same technique was used for the SHAM group being the 

LED in the off mode. 

 

Experimental Procedure 

 

Measurements 

 

Body weight and food intake were recorded weekly. 
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Tolerance tests   

 

           For the establishment of diabetic state, seven days after the administration 

of STZ by injection, blood glucose was measured with a glucometer (Accu-Check, 

Roche®) fasted condition. Tolerance tests were realized before streptozotocin induced 

(baseline) and after, weekly, totalizing three measurements.  Were collected blood 

samples in the tail.  In the intraperitoneal glucose tolerance test (IPGTT) the animals 

were fasted for 12 hours, after this period they received an intraperitoneal (i.p.) glucose 

injection (2 g/kg). Blood glucose was measured at 0, 15, 30, 60, 90, 120 and 180 

minutes with a glucometer (Accu-Check, Roche®). Two days after the IPGTT, we 

realize the intraperitoneal insulin tolerance test (IPITT) then fed animals were submitted 

to an i.p. insulin injection (1 UI/kg) and then, blood glucose was measured at 0, 15, 30, 

45 and 60 min with a glucometer (Accu-Check, Roche®) [7] 

 

Analysis  

 

In the 30 th day of experimental protocol fasted animals were killed by 

decapitation. Pancreas and Liver were removed and weight for subsequent analysis.  

 

Hepatic and Muscular Glycogen Content 

 

The muscle and hepatic glycogen content was measured using the colorimetric 

method through spectrophotometer at 480 nm absorbance. The concentration of the 

glicosil-glucose was determined using with reference a standard glucose sample (1mM 

concentration). [12]The glycogen content was expressed in μmol/g. Tissue samples 

from the liver and gastrocnemius muscle were dissolved in 1ml of 6N KOH in a 

boiling-water bath for 5 minutes. After the extract was transferred 1:10 v/v to ethanol; 1 

volume of 10% K2SO4 was added to improve precipitation. The pellet was re-suspended 

in 2.5 ml of distilled water and glucose was determined in a proper aliquot using 

phenol-sulfuric acid (500 μL of phenol and 2 ml of sulfuric acid (H2SO4). After this, 

the concentration of sugar was estimated to be a standard glucose concentration 1 mM 

and the sample was read in a spectrophotometer at 480 nm absorbance [12] 

 

Histopathological analysis 

 

The samples of pancreas were fixed in 10% buffered formalin (Merck, Darmstadt, 

Germany) for 24 h. After this, the samples were dehydrated and embedded in paraffin 

blocks. Three sections (5μm) of each specimen were longitudinally sectioned 

(Microtome Leica Microsystems SP 1600, Nussloch, Germany) and stained with 

hematoxylin and eosin (H.E. stain, Merck, Darmstadt, Germany). The morphological 

description of the pancreas areas was performed with an optical microscopy (Olympus 

Optical Co., Tokyo, Japan). Histopathological alterations in the pancreas were evaluated 

by two blinded observers. For descriptive analysis, the samples were stained with HE to 

evaluate cellular organization, density of islets and density ducts per area (μm2. The 

specimens were examined using a light microscopy (×4 and ×40; Leica Microsystems 

AG, Wetzlar, Germany)  

 

Data analysis 
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Data shown as mean + SE unless otherwise stated. Statistical comparisons 

between groups were performed using ANOVA test and Tukey post hoc. Differences 

were considered significant when p < 0.05. 

RESULTS 

3. Results 

Metabolic features  

 

Compared to the non-diabetic animals, diabetic rats had decreased body weight 

with typical diabetic symptoms i.e. polyuria, polydipsia and thickened urine smell 

(Figure 2). Treatment of Laser and LEDT improved these general features. Chronic 

treatment with Laser and LEDT prevented the body weight loss, polydipsia, and 

polyphagia and also showed a certain downward trend in water intake (Figures 2 and 3): 
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Figure. 2.Weight variation throughout the experiment time in non-diabetic control (Sham), diabetic non 
treated (NID), diabetic treated with LLLT (DLASER) and diabetic LEDT treatment (DLED) Results are 
expressed as mean and standard error of the mean.  

 



91 

 

Water intake

D
ay

 0

W
ee

k 
1

W
ee

k 
2

W
ee

k 
3

W
ee

k 
4

0.0

0.1

0.2

0.3

0.4

0.5
Sham

NID

DLASER

DLED

 
 
Figure. 3.Water intake variation throughout the experiment time in non-diabetic control (Sham), diabetic non 
treated (NID), diabetic treated with LLLT (DLASER) and diabetic LEDT treatment (DLED). Results are 
expressed as mean and standard error of the mean.  

 

Histological descriptive analysis 

 

Some studies have reported the regeneration of the pancreas after pancreatectomy 

[13] and streptozotocin treatment[14]. This regeneration has been implicated new 

training of preexisting endocrine cells from epithelial cells or ductal epithelium. The 

islanders survivors in pancreatic tissue undergo extensive hypertrophy to compensate 

for the pancreas removed function compared to normal pancreas[15]. Examples of the 

histologic changes in each of the groups in pancreatic islets are shown in Figure 4. The 

Sham group showed a normal lobular architecture of the pancreas. The pancreas had 

relative amount of islets of Langerhans (one or two per area) between the exocrine 

pancreatic acini (Figure 4A). Pancreatic sections diabetic group (NID) showed border 

region between the endocrine and exocrine became indistinguishable and some islets 

were completely destroyed and showed empty sites (Figure 4B). The group DLASER 

showed improvement on the previous morphological changes, the border between 

exocrine and endocrine portions have become distinct. Many acini showed an increase 

in density ducts (Figure 4 C black arrows) with significant difference between the NID 

group (Table 2). Some ducts were noticed near islets with some cellular connection and 

neovascularization. DLED group showed hypertrophy in islets and ducts. (Figure 4 D): 
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Figure. 4 Hematoxylin and eosin-stained sections of normal mouse pancreas and after streptozotocin 

induced (A) Normal pancreas section showing the presence of acinar cells, ducts, blood vessels as well as 

islets (IS). (B) Group NID: Endocrine pancreas showing islet cell atrophy with a drastic decrease in 

number of cells per islet and total disorganization of islet cells due streptozotocin injection. (C) Group 

DLASER: Endocrine pancreas showing histologic features of increased ducts (black arrows) number and 

islets (IS). (D) Pancreas on DLED group showing prominent ‘hypertrophied’ islets.(40 X) 

 

 

DLED animals showed great amount of ducts and islets around the acini’s tissue. 

Ulcers, necrosis or tumors not were detected any animals of all the groups. Histologic 

comparisons of duct density and islets density data between groups are shown in Table 

2. 
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Table . 2.Table 2: Duct density and islet Langerhans density analysis of LLLT in 

streptozotocin (STZ)-induced diabetes 

GROUPS  Duct Density 

(Mean + SEM) 

 Islets Density 

(Mean + SEM) 

Shama 0.165 + 0,002 0.067 + 0.010 

NIDb 0.005 + 0,001 a 0.025 + 0,008 a 

DLASERc 0.014 + 0.000 b 0.067 + 0.055 

DLEDd 0.016 + 0.007 b 0.028+ 0.006 

Density of islets and density ducts per area (μm2). The specimens were examined using a light 

microscopy (×4 and ×40; Leica Microsystems AG, Wetzlar, Germany). Groups: non-diabetic control 

(Sham), diabetic non treated (NID), diabetic treated with LLLT (DLASER) and diabetic LEDT treatment 

(DLED). a versus Sham group; b versus NID group; Date are showed mean + SEM. Values are μm2. * p = 

0,005. 

Tolerance tests 

IPGTT. Groups reacted differently between them. Blood glucose reached the highest 

level at 60 min in NID and DLASER groups while NID and DLED groups this 

happened at 15 min and then showed a certain downward trend. DLED inhibited the 

increase of blood glucose level at 30 and 120 min after glucose loading when compared 

to the diabetic control group (NID) (Figure 5). 

 

Figure. 5.Effect of Laser or LED on intraperitoneal glucose tolerance test (IPGTT) in diabetic animals. Data express 
blood glucose levels (mmol/L, mean + SD). Groups: Sham = no diabetic control; NID= diabetic control; 
DLASER= diabetic treated with Laser 808 nm; DLED = diabetic treated with LEDT 850 nm. *p< 0,05 
compared with the diabetic control using ANOVA repeat measures. 



94 

 

IPITT. Groups NID and DLED reacted similarly between them. Both NID and DLED 

decreased the blood glucose level after 15 and 20 min of insulin administration in 

comparison to diabetic control group (NID). (Figure 6) 

 

Figure. 6.Effect of Laser or LED on IPITT diabetic animals. Data express blood glucose levels (mmol/L, mean + 
SD). Groups: Sham = no diabetic control; NID= diabetic control; DLASER= diabetic treated with Laser 808 
nm; DLED = diabetic treated with LEDT 850 nm. *p< 0,05 compared with the diabetic control using 
ANOVA repeat measures. 

 

 

The glycogen content in liver and gastrocnemius muscle was differ significantly across 

DLASER and DLED groups during the experimental period when compared with 

respective control groups. In the NID group, the hepatic glycogen content was 232 % 

and 296% smaller when compared with DLASER and DLED group respectively. No 

difference was observed in this parameter when compared DLASER versus Sham 

groups. Furthermore, in NID group the glycogen content of the gastrocnemius muscle 

was 680 % and 706 % smaller when compared with DLASER and DLED group 

respectively (Table 3). 
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Table . 3. Glycogen hepatic and muscle (μml/g) in diabetic animals treated with 

Laser/LEDTable 3. Glycogen hepatic and muscle (μml/g) in diabetic animals treated 

with Laser/LED 

Groups Hepatic Glycogen Muscle Glycogen 

Shama 5,44 + 2,22 2,62 + 0,28 

NIDb 2,81 + 0,53 a* 0,50+ 0,10 a* 

DLASERc 6,52+ 0,15 b* 3,64 + 0,22 b* 

DLEDd 8,33+ 1,65 b* 3,53 + ,018 b* 

 

Values are expressed as mean ± standard deviation (n=5/group). The differences are 

superscripts in italics. Groups: non-diabetic control (Sham), diabetic non treated (NID), diabetic 

treated with LLLT (DLASER) and diabetic LEDT treatment (DLED). a versus Sham group; b versus NID 

group; Date are showed mean + SEM. Values are μm2. * p = 0,005. 

 

DISCUSS 

In this study we can demonstrate that LLLT it could be a possibility of treatment 

for diabetes, which promoted histologic changes over injured pancreas and optimized 

carbohydrate metabolism performance in a model of diabetes mainly when used LEDT. 

The metabolic features like body weight with typical diabetic symptoms i.e. polyuria, 

polydipsia and thickened urine smell were minimized in treated groups (DLASER and 

DLED). Moreover, the rise of ducts and islets of Langerhans in DLED and DLASER 

groups respectively attest that light acted positively on the pancreatic tissue.  

Cell proliferation promoted by LLLT is a physiological effect on already well 

established and it has been shown in vitro embryonary cells, including mesenchymal 

stem cells and cardiac stem cells [16] as well as many cell types another to fibroblasts, 

human osteoblasts[17] keratinocytes[18], home satellite cells [19]. It is believed that 

spectrums of light ranging from red to infrared is absorbed by the mitochondrial 

respiratory chain components resulting in increased adenosine triphosphate (ATP) / or 

cyclic AMP and reactive oxygen species (ROS) thereby initiating a signaling cascade 

that promotes cell proliferation [18, 20, 21]. Sequentially to this increase in ATP and 

protein synthesis after LLLT, the expressions of cytokines and growth factors to 
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stimulate and increase cell proliferation[22, 23]. In our results, the histological analysis 

showed that irradiation produced a proliferation cell represented in the number of islets 

and hypertrophy of preexisting islets that agree with some studies that indicates that 

most post-natal beta cells are derived from pre-existing beta cells. (6). Moreover, beta 

cells arise from precursor cells associated with ducts and is detected on or near the 

primitive epithelium conduit [24].The differentiation of the ductal precursors also plays 

a significant role in expanding beta cells during fetal life [24] but it remains unclear 

whether the ductal precursors participate in the expansion of beta cells after birth. 

However, numerous insulin positive cells, which are associated with conduits have been 

observed in infants not only in the pancreas of childhood persistent hyperinsulinemic 

hypoglycemia , but without metabolic problems of the pancreas[8]. This indicates the 

possibility that the duct are precursors of the beta cell sources in the postnatal period. 

Our findings can contribute to the hypothesis ductal precursors participating in the 

expansion of beta cells after birth, the fact that there was a significant difference in 

density between the ducts irradiated groups (DLASER and DLED) compared to the 

untreated diabetic group (NID). These data lead us to believe that LLLT stimulated 

these germinative cells.  

During food intake, blood glucose levels increase and there is the stimulation of 

the beta cells produce insulin. In sequence, inhibits glycogenolysis and gluconeogenesis 

promoting glucose uptake by muscle tissue and / or fat. In turn, when the blood glucose 

is low, the α cells secrete glucagon and stimulating hepatic glycogenolysis and 

gluconeogenesis, which causes the glucose to return to its normal level (25). In our 

study, high levels of hepatic glycogen in irradiated animals (DLASER and DLED 

groups) when compared to the control groups show that LLLT were able to promote 

glycogenesis, probably by increasing mitochondrial activity in beta cells that produced 

insulin and promoted glucose intake into the muscle and hepatic cells. Poitout et al. [25] 

suggests that the mechanism by which hyperglycemia can cause glucotoxicity in the 

beta cells is due to the fact that hyperglycemia may cause a disturbance in relation 

NADH / NAD +, activation of protein kinase C and stress of the endoplasmic the cell 

reticulum. These factors together produce increased production of reactive oxygen 

species leading to β-cells failure and generates diabetic state. Furthermore Lenzen et 

al[26] demonstrate that the islets express fewer genes for CuZnSOD enzymes, MnSOD, 

and catalase compared to the expression in the liver, kidney, brain, lung, skeletal muscle 

and cardiac and some glands. This imbalance in the formation of ROS and reduced the 
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efficiency of the antioxidant enzymes, possibly leave these islets more susceptible to 

ROS[27].  

Photoexcitation induces changes in cytochrome c oxidase, and other components 

of the chain like NADH dehydrogenase [28], resulting in redox changes and 

modulations of biochemical reactions producing effects such as increased proliferation. 

Karu proposed that the absorption of light by chromophores of respiratory chain 

promotes oxidation of NADH pool leads to alterations in the redox state of both the 

cytoplasm and mitochondria [29]. In addition to that, early review (31) suggests that 

photons emitting LLLT are absorbed by mitochondria which in turn stimulate increased 

production of ATP with minor levels of ROS by activating transcription factors, such as 

NF-kB, capable of inducing genes responsible for these proliferative effects.  

A possible explanation for our findings may be a modulation of LLLT on 

mitochondrial dysfunction. The fusion and mitochondrial fission acts maintaining the 

morphology and functionality of the organelle, but the mechanisms involved is not 

clear. Altered mitochondrial fusion promotes mitochondrial elongation and unorganized 

fission leads to exacerbated increased fragmentation of mitochondria, both damaging 

mitochondrial[30] function. Diabetes and oxidative stress it generates trigger excessive 

mitochondrial fission leading to mitochondrial damage and injury cellular[31]. Specific 

ablation of liver mitochondrial regulator fusion mitofusin (MFN2), causes 

mitochondrial dysfunction, insulin resistance and impaired glucose tolerance[32]. 

Althought we not analyzed mitochondrial biomarkers, Karu[3] related modulation of 

mitochondrial retrograde elements signaling by irradiation (reactive oxygen species 

ROS, changes in mitochondrial fusion-fission homeostasis of mitochondria and 

mitochondrial membrane potential) and showed that laser irradiation of He-Ne 

increased the respiratory activity modifying the ultrastructure of mitochondria and 

endoplasmic reticulum mitochondria associations in progeny cells [33]. 

We suggest that pancreas induced regeneration by LLLT is also a secondary 

response, but the connection between the light absorption and this effect is not fully 

understood. As a suggestion for future studies, we believe that LLLT could modulate 

mitochondrial dysfunction possibly like a regulator of mitochondrial fusion-fission. 

These modulations could improve the biochemical environment and the response of the 

beta cells and prevents oxidative stress generates due dyshomeostasis over beta cells. 

 

CONCLUSIONS 
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Irradiation laser and LEDT played a role positive on the pancreatic tissue of diabetic 

streptozotocin-induced animals, generating an increase in density ducts, stimulating the 

liver glycogenesis and modifying carbohydrate metabolism. These results support 

evidence that post-natal beta cells are derived from pre-existing beta cells and LLLT 

stimulated these germinative cells.  
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CONCLUSÕES GERAIS 

Em conjunto os estudos mostraram que a Fototerapia: 

• Gerou um efeito protetor contra danos oxidativos inerentes ao diabetes durante o 

processo de reparo tecidual; 

• Acelerou o reparo de feridas e a expressão de VEGF e COX2 através da 

biomodulação da homeostasia mitocondrial (fusão e fissão); 

• Desempenhou papel positivo sobre o tecido pancreático diabético, gerando 

aumento na densidade dos ductos pancreáticos, provável fonte de células 

germinativas das ilhotas pancreáticas. Além disso, houve estimulo na 

glicogénese hepática e modificação do metabolismo dos carboidratos. 



103 

 



104 

 

DIFICULDADES E PERSPECTIVAS FUTURAS 

 

A utilização de modelo experimental de DM não é um trabalho a curto prazo 

nem tampouco de fácil acompanhamento. Ao longo do percurso desta Tese, muitos 

percalços ocorreram no meio do caminho. Inicialmente a manutenção da sobrevida dos 

animais em estado diabético foi um grande desafio, pois não queríamos utilizar insulina 

exógena para que isso não interferisse no experimento do pâncreas, pois poderia haver 

um falso positivo em relação aos testes funcionais glicêmicos e, portanto, perdemos 

vinte por cento dos animais inicialmente utilizados, devido à não somente ao estado 

hiperglicêmico, mas também por morte durante anestesia, mesmo utilizando-se doses 

mínimas de tiopental, considerado o mais seguro e o melhor para modelos diabéticos, 

devido a não causar alteração dos níveis glicêmicos pós anestesia. 

Outro grande problema foi devido ao atraso de 6 meses de entrega dos 

anticorpos FIS1 e MFN2, essenciais para a pesquisa e que caíram na malha fina da 

fiscalização da ANVISA em Janeiro de 2015 e que certamente gerou atrasos haja vista 

que tínhamos ainda que estabelecer as titulações necessárias para o uso desses 

anticorpos. 

 Nossa ida para o Massachussetts General Hospital também foi um desafio, 

pois precisamos alterar por 5 vezes o projeto inicial para que se adequasse as novas 

normas vigentes no Wellmann Center. Entretanto, o doutorado sanduiche nos fez 

amadurecer novas perspectivas para o uso da Fototerapia, não mais como paliativo para 

as consequências do DM, mas como agente Terapêutico no controle da glicemia, pois 

conseguimos visualizar e comprovar que a Fototerapia pode ser benéfica no estado 

hiperglicêmico atuando tanto em órgãos como células in vitro. 
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Acreditamos que podemos avançar numa perspectiva de desenvolver protótipos 

portáteis de fácil acesso a pacientes diabéticos que permitiram manter a glicemia em 

níveis dentro dos padrões de funcionalidade metabólica. 
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