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RESUMO 

 

 

EFEITOS DO LASER DE BAIXA INTENSIDADE SOBRE O ESTRESSE 

OXIDATIVO EM RATOS COM DIABETES MELLITUS TIPO 2 

 

 

AUTORA: Larissa da Silva Tonetto 

ORIENTADOR: Rodrigo Boemo Jaenisch 

COORIENTADORA: Liliane de Freitas Bauermann 

 

 

O DM tipo 2 é o mais prevalente, e caracteriza-se por defeitos na secreção e resistência 

periférica à insulina, o que determina o estresse oxidativo (EO). O laser de baixa intensidade 

(LBI) é uma ferramenta não farmacológica, e que vem sendo utilizada para o tratamento do 

DM, através da redução do EO e da e do aumento da atividade antioxidante. Assim, o objetivo 

do presente estudo foi avaliar os efeitos do LBI sobre o EO em órgãos, musculatura esquelética 

e soro de ratos com DM. Foram utilizados 31 ratos Wistar machos, divididos em dois grupos, 

com indução do DM 2 e sem indução do DM 2, considerando animais diabéticos com glicemia 

igual ou maior que 200 mg/dL, logo após os ratos foram alocados em 4 sub grupos: Grupo 1 - 

animais sem DM 2 SHAM (C-SHAM), Grupo 2 - animais com DM 2 SHAM (C-DM), Grupo 

3- animais sem DM 2 com laser 21 J/cm2 (L-SHAM), Grupo 4- animais com DM 2 com laser 

21 J/cm2 (L-DM). Após a indução ao DM 2 ou não, os animais receberam a LBI 5 dias/semana, 

durante 6 semanas. A dose foi irradiada em dois pontos no músculo gastrocnêmio direito. O 

laser utilizado foi de diodo de onda contínua tipo InGaAlP com potência de saída de 20 mW e 

comprimento de onda 660 nm. O tamanho do ponto foi de 0,035cm2, dose de 21 J/ cm2, tempo 

de 36 segundos em cada ponto e frequência contínua. Após 24 horas do último dia de 

intervenção, os animais foram anestesiados e eutanasiados. Coração, diafragma, fígado, 

gastrocnêmio direito, plasma, pulmões, rins e sóleo foram coletados, pesados e armazenados 

para posterior análise. O LBI reduziu os níveis plasmáticos de TBARS nos animais com DM 2. 

No coração, diafragma e gastrocnêmio, o LBI aumentou os níveis de NPSH no grupo DM 2. 

No coração, diafragma e plasma, o grupo L-DM aumentou a SOD quando comparado ao grupo 

C-DM. O grupo L-SHAM aumentou a SOD no coração, diafragma, gastrocnêmio e rins quando 

comparado ao grupo C-SHAM. Conclui- se que, o protocolo de LBI de 21 J/cm2, com duração 

de 6 semanas, diminuiu a atividade oxidante e aumentou a antioxidante em ratos com DM 2. 

 

 

Palavras-chave: Laserterapia. Atividade Oxidativa. Atividade Antioxidante. 
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ABSTRACT 

 

 

EFFECTS OF LOW-LEVEL LASER THERAPY ON OXIDATIVE STRESS IN RATS 

WITH DIABETES MELLITUS TYPE 2 

 

 

AUTHOR: Larissa da Silva Tonetto 

ADVISOR: Rodrigo Boemo Jaenisch 

CO ADVISOR: Liliane de Freitas Bauermann 

 

 

Type 2 DM is the most prevalent and is characterized by defects in secretion and peripheral 

insulin resistance, which determine oxidative stress (OS). Low level laser therapy (LLLT) is a 

non-pharmacological tool that has been used for the treatment of DM, by reducing OS and 

inflammatory activity and increasing antioxidant activity. Thus, the aim of the present study 

was to evaluate the effects of LLLT on OS in organs, skeletal musculature and serum of rats 

with DM. Thirty-one male Wistar rats were used, divided into two groups, with DM 2 induction 

and without DM 2 induction, considering diabetic animals with blood glucose equal to or 

greater than 200 mg/dL, then the rats were allocated into 4 subgroups: Group 1 - animals 

without DM  2 SHAM (C-SHAM), Group 2 - animals with DM 2 SHAM (C-DM), Group 3- 

animals without DM 2 with 21 J/cm2 laser (L-SHAM), Group 4- animals with DM 2 with 21 

J/cm2 laser (L-DM). After DM 2 induction or not, the animals received LLLT 5 days/week for 

6 weeks. The dose was irradiated at two points in the right gastrocnemius muscle. The laser 

used was a continuous wave diode InGaAlP type with an output power of 20 mW and a 

wavelength of 660 nm. The stitch size was 0.035 cm2, dose of 21 J/ cm2, time of 36 seconds in 

each stitch and continuous frequency. Twenty-four hours after the last day of intervention, the 

animals were anesthetized and euthanized. Heart, diaphragm, liver, right gastrocnemius, 

plasma, lungs, kidneys and soleus were collected, weighed and stored for further analysis. 

LLLT reduced plasma levels of TBARS in animals with DM 2. In the heart, diaphragm and 

gastrocnemius, LLLT increased NPSH levels in the DM 2 group. In the heart, diaphragm and 

plasma, the L-DM group increased SOD when compared to the C-DM group. The L-SHAM 

group increased SOD in the heart, diaphragm, gastrocnemius and kidneys when compared to 

the C-SHAM group. It is concluded that the 21 J/cm2 LLLT protocol, lasting 6 weeks, decreased 

the oxidant activity and increased the antioxidant and in rats with DM 2. 

 

 

Keywords: Laser therapy. Oxidative Activity. Antioxidant activity. 
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1 INTRODUÇÃO  

 

Frente ao avanço da urbanização, ao aumento do número de pessoas obesas e 

sedentárias, ao envelhecimento populacional e a maior sobrevida da população, o diabetes 

mellitus (DM) é considerado uma das principais doenças de evolução crônica. Esta doença 

apresenta altas taxas de prevalência e de mortalidade, o que a torna um importante problema de 

saúde pública (FLOR; CAMPOS, 2017; AMERICAN DIABETES ASSOCIATION, 2019). 

Pacientes com DM apresentam duas formas clínicas: o DM tipo 1 ou o DM tipo 2. O 

DM tipo 2 é o mais prevalente, e caracteriza-se por defeitos na secreção e resistência periférica 

à insulina, o que determina o estresse oxidativo (EO) (FLOR; CAMPOS, 2017; AMERICAN 

DIABETES ASSOCIATION, 2019). Em estado hiperglicêmico, o organismo apresenta 

alterações em diferentes vias que levam ao EO e, consequentemente, a complicações do DM 

(DARYABOR et al., 2020). 

O EO caracteriza-se pelo desequilíbrio entre radicais livres e defesas antioxidantes 

(ZHANG et al., 2020). Uma vez que, quando produzidos em excesso, determinam danos 

oxidativos, o que resulta no desenvolvimento de mecanismos de defesa durante os processos 

metabólicos (ZHANG et al., 2020). Esses mecanismos têm como objetivo restringir os níveis 

intracelulares de tais espécies reativas e comedir a ocorrência de danos decorrentes da produção 

excedente (ZHANG et al., 2020).  

A cronicidade desse processo determina implicações sobre o processo etiológico de 

numerosas patologias crônicas, dentre elas o DM (ZHANG et al., 2020). O treinamento físico 

associado a modificações no estilo de vida reduz a progressão da resistência à insulina, 

tornando-se, assim, uma importante ferramenta não farmacológica para o tratamento do DM 

(SAMPATH KUMAR et al., 2018). O exercício aeróbio aumenta a sensibilidade à insulina, o 

que promove um maior efeito no controle glicêmico (AMERICAN DIABETES 

ASSOCIATION, 2019). 

Outra ferramenta não farmacológica que vem sendo utilizada para o tratamento do DM 

é o laser de baixa intensidade (LBI). Este atua por meio de reações fotoquímicas em nível 

celular, através de um feixe de luz intenso (vermelho ou infravermelho), monocromático, 

colimado e de frequência pura, o que o torna útil na área biomédica (ABDEL-WAHHAB et al., 

2018; SANTOS et al., 2018; MUSSTTAF; JENKINS; JHA, 2019). 

Estudos evidenciaram que o LBI modifica o metabolismo celular e apresenta uma série 

de vantagens, tais como: alívio da dor, redução no tempo de cicatrização e reparo de lesões em 

pacientes que, por conta de alguma condição sistêmica, como no caso do DM, têm esse processo 
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prejudicado. Assim como, reduz danos e sequelas decorrentes do DM (ABDEL-WAHHAB et 

al., 2018; SANTOS et al., 2018). 

Ahmed et al. (2018) avaliaram o efeito da quercetina associada ao LBI na cicatrização 

de feridas em ratos diabéticos por meio de reorganização estrutural e efeitos modulatórios sobre 

o EO. Os autores encontraram melhorias no estado glicêmico e no sistema de defesa 

antioxidante, bem como a reorganização estrutural (AHMED et al. 2018). 

O estudo de Karkada et al. (2020) analisou o efeito do LBI sobre marcadores de EO na 

dinâmica de cicatrização de feridas neuropáticas diabéticas em ratos Wistar. Os resultados 

mostraram um efeito positivo do LBI sobre o estado do sistema de defesa antioxidante dos 

leucócitos sanguíneos em ratos com DM, um aumento na atividade da SOD e uma diminuição 

do TBARS (KARKADA et al., 2020).  

No entanto, ainda existe uma escassez de estudos acerca dos efeitos do LBI sobre o EO. 

Desta maneira, espera-se contribuir para o tema, apontando o LBI como uma ferramenta não 

farmacológica para o tratamento dos distúrbios causados por essa patologia. 
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2 REVISÃO DE LITERATURA 

 

2.1 DIABETES MELLITUS 

 

O diabetes mellitus tipo 1 (DM 1) ocorre, principalmente, em crianças e adultos jovens. 

É causado por uma reação autoimune, com a destruição das células-beta no pâncreas e o 

aumento dos níveis de glicose sanguínea (EIZIRIK; PASQUALI; CNOP, 2020). A forma mais 

prevalente do DM é o diabetes mellitus tipo 2 (DM 2), que ocorre pela combinação do aumento 

da resistência periférica à insulina e a secreção inadequada de células-beta pancreáticas, 

levando a falência dessas células (EIZIRIK; PASQUALI; CNOP, 2020). 

No mundo, atualmente, existem 463 milhões de adultos vivendo com DM. Estima-se 

que esse número chegue a 700 milhões em 2045 (IDF, 2019). O Brasil encontra-se na quinta 

posição entre os países com maior número de pessoas diabéticas, com aproximadamente 16 

milhões de casos entre o público adulto (IDF, 2019). 

A ausência, secreção deficiente ou resistência periférica de insulina desregulam o 

metabolismo de carboidratos, lipídeos e proteínas, e resultam em hiperglicemia e glicosúria 

(AMERICAN DIABETES ASSOCIATION, 2019). Esse desequilíbrio facilita a formação de 

placas e lesões ateroscleróticas, podendo gerar doenças cardiovasculares (DARYABOR et al., 

2020). No fígado, ocorre um armazenamento de gordura nos hepatócitos, o que gera esteatose 

e, consequentemente, resistência à insulina (DARYABOR et al., 2020). O prejuízo na síntese 

de glicogênio nos músculos esqueléticos é um sinal prematuro do DM 2 (AMERICAN 

DIABETES ASSOCIATION, 2019). 

O DM ocasiona diversas complicações graves em pacientes com esta patologia. O EO, 

através da produção exacerbada de espécies reativas de oxigênio (EROs), as quais tem a 

propriedade de destruir células e suas estruturas de membranas, é uma das principais causas da 

progressão do DM e das complicações associadas (KARMASH et al. 2020).  

 

2.2 ESTRESSE OXIDATIVO  

 

2.2.1 Espécies Reativas e Radicais Livres 

 

As espécies reativas provenientes do oxigênio podem ser compostas tanto de átomos 

quanto de moléculas ou íons, possuindo alta reatividade em seu predomínio e constituindo três 

classes de compostos (DI MEO; VENDITTI, 2020). Sendo estas, espécies reativas de oxigênio 
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(EROs), reativas de enxofre (EREs) e reativas de nitrogênio (ERNs) (OTASEVIC et al., 2020). 

Essas, ainda, podem ser divididas entre radicais livres e compostos não radicalares 

(RODRIGUES et al., 2020). 

Radicais livres são moléculas ou átomos com pelo menos um elétron desemparelhado 

de seus orbitais externos, que permitem a transferência de elétrons com moléculas vizinhas (DI 

MEO; VENDITTI, 2020). Esses, podem agir como aceptores ou doadores de elétrons 

modificando o ambiente molecular ao seu redor (DI MEO; VENDITTI, 2020). Em 

contrapartida, os compostos não radicalares, não dispõem de elétrons livres, fazendo com que 

em comparação aos radicais livres, sejam menos instáveis, ainda que também possam reagir 

com moléculas na sua redondeza (RODRIGUES et al., 2020). 

 

2.2.2 Radicais Livres e Mecanismo de Geração de Radicais Livres 

 

Radicais livres atuam como mediadores para a transferência de elétrons em várias 

reações bioquímicas e, quando em proporções adequadas, possibilitam a produção de adenosina 

trifosfato (ATP), por meio da cadeia transportadora de elétrons (YARIBEYGI; ATKIN; 

SAHEBKAR, 2019). Além disso, eles participam de mecanismos de defesa durante o processo 

de infecção, fazendo com que sua produção contínua seja um processo fisiológico que cumpre 

funções biológicas significativas (YARIBEYGI; ATKIN; SAHEBKAR, 2019). Quando 

produzidos em excesso podem gerar danos oxidativos, resultando no desenvolvimento de 

mecanismos de defesa antioxidante durante os processos metabólicos (YARIBEYGI; ATKIN; 

SAHEBKAR, 2019). 

A geração de radicais livres ocorre nas membranas celulares, citoplasma e nas 

mitocôndrias, sendo a última a principal fonte geradora, em decorrência da cadeia 

transportadora de elétrons (YARIBEYGI; ATKIN; SAHEBKAR, 2019). Na parte final da 

cadeia transportadora de elétrons, a enzima catalisadora citocromo oxidase, oxida quatro 

moléculas de citocromo C retirando um elétron de cada uma delas (WATSON; MCSTAY, 

2020). Esses elétrons se ligam ao oxigênio (O2) para formar água (H2O). Ou seja, o O2 sofre 

redução tetravalente, na qual ele aceita a ligação de quatro elétrons (WATSON; MCSTAY, 

2020). 

A função do citocromo C oxidase é controlar a geração de radicais livres, impedindo 

sua formação excessiva na mitocôndria (WATSON; MCSTAY, 2020). No entanto, uma 

pequena parcela do oxigênio metabolizado nas mitocôndrias é deslocada para outra via 

metabólica, e reduzido de modo univalente, dando origem aos radicais livres superóxido (O2˙) 
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e hidroxila (OH˙) e ao composto não radicalar peróxido de hidrogênio (H2O2) (LIGUORI et 

al., 2018). 

 

2.2.3 Sistema de Defesa Antioxidante e Balanço Redox 

 

O sistema de defesa antioxidante pode ser dividido em enzimática e não-enzimática 

(LIGUORI et al., 2018). No sistema de defesa não-enzimática se destacam as vitaminas 

(vitamina C, o α-tocoferol e β-caroteno), minerais (zinco, cobre, selênio e magnésio) e 

compostos fenólicos, uma vez que esta é composta por antioxidantes de origem nutricional 

(LIGUORI et al., 2018). Carotenoides como licopeno, luteína e zeaxantina, também fazem parte 

desse sistema (LIGUORI et al., 2018).  

Já a defesa enzimática é composta por superóxido dismutase (SOD), catalase (CAT), 

fosfato de dinucleótido de nicotinamida adenina (NADPH), glutationa peroxidase (GPx), 

glutationa redutase (GRd) e por níveis de tiol não proteico (NPSH) (composto por 90 % de 

GSH –glutationa reduzida- intracelular e 10% de aminoácidos livres, como cisteína e 

metionina) (YANG; XIANGMING, 2017; SU et al., 2019). A defesa enzimática controla a 

formação de radicais livres e compostos não radicalares, envolvidos com as reações em cadeia 

que resultam na propagação e no desenvolvimento de danos oxidativos (SU et al., 2019). 

O balanço redox celular é descrito pelo equilíbrio entre substâncias oxidantes e 

redutoras (LIU et al., 2018). Os principais oxidantes endógenos são: O2˙, OH˙ e H2O2. Em 

contrapartida, a mitocôndria possui um sistema antioxidante composto por SOD, CAT, 

NADPH, GPx, GRd e GSH além das vitaminas C e E (SU et al., 2019). 

 

2.2.4 Estresse Oxidativo e Diabetes Mellitus 

 

O organismo, em estado hiperglicêmico, visto em pacientes com DM, pode apresentar 

alterações em diferentes vias que levarão ao EO (LUC et al., 2019). Na via poliol (na qual há a 

conversão de glicose em sorbitol, que é um álcool originado do açúcar, o que leva ao acúmulo 

intracelular, com participação na etiologia da neuropatia diabética) ocorre o aumento da 

atividade da enzima NADPH oxidase e, consequentemente a redução da GSH, CAT e SOD. 

Outras duas vias são a auto oxidação da glicose e a glicação proteica. Na última, ocorre a 

ativação de macrófagos (IGHODARO, 2018).  

Todas essas vias apontam para o EO que, consequentemente, determinam o aumento na 

relação de oxigênio e óxido nítrico (O2/NO), culminando na formação de peroxinitrito (RADI, 
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2018). Essa formação pode alterar a oxidação das lipoproteínas de baixa densidade (LDL), 

reduzir a vasodilatação por meio da diminuição do NO dependente, aumentar a atividade de 

coagulação, assim como a aderência de leucócitos e plaquetas e a permeabilidade endotelial, o 

que eleva os fatores trombóticos e ateroscleróticos (HUA; MALINSKI, 2019). 

 

2.3 LASER DE BAIXA INTENSIDADE 

 

A primeira vez que foi elucidado o princípio da emissão estimulada de fótons foi em 

1917 por Albert Einsten, porém a aplicação prática foi realizada mais tarde por Townes et al. 

(1955), por meio da emissão estimulada de micro-ondas (SILVA NETO; JÚNIOR, 2017). 

Apenas em 1960, os aparelhos começaram a ser denominados de laser, após a primeira emissão 

estimulada de radiação de espectro visível ser obtida pelo físico Maiman (SILVA NETO; 

JÚNIOR, 2017). Na década de 70 o laser começou a ser utilizado em estudos experimentais 

após a comprovação de que a irradiação emitida pelo aparelho de baixa intensidade melhorava 

o processo de cicatrização em feridas (SILVA NETO; JÚNIOR, 2017). 

O laser emite radiação que produz campos eletromagnéticos intensos, baseados no 

comprimento de onda e na frequência empregada, que transitam entre o infravermelho e o 

ultravioleta de acordo com amplitude ou intensidade, sendo aplicados de diferentes maneiras. 

Sendo classificados em alta e baixa intensidade (MUSSTTAF; JENKINS; JHA, 2019). O laser 

de alta intensidade produz efeito térmico, sendo utilizado para coagulação ou secção de tecidos 

(MUSSTTAF; JENKINS; JHA, 2019). O laser de baixa intensidade não produz efeito térmico, 

e é utilizado no reparo tecidual (MUSSTTAF; JENKINS; JHA, 2019).  

Cada laser possui um comprimento de onda diferente, que possibilita uma interação 

distinta em cada tecido (MUSSTTAF; JENKINS; JHA, 2019). Os comprimentos de onda 

variam de 632,8 nm a 980 nm, sendo mais utilizados os de 630 a 700 nm (vermelho) e de 700 

a 904 nm (infravermelho) (MUSSTTAF; JENKINS; JHA, 2019). 

Após evidências cientificas serem constatadas sobre o efeito do laser como método 

terapêutico na década de 80, cientistas começaram a discutir os mecanismos de ação do laser 

em nível celular, assim como fisiológico (SILVA NETO; JÚNIOR, 2017). Estudos sobre o 

tratamento de queimaduras em ratos evidenciaram que, o comprimento de onda mais utilizado 

foi o de 660 nm, uma vez que os outros comprimentos de onda não apresentaram grandes 

penetrações teciduais (BRASSOLATTI et al., 2018). 

No estudo de Chen et al. (2021) foi investigado o efeito do laser na homeostase de 

espécies reativas de oxigênio em células de fibroblastos de pele embrionária humana cultivadas 
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em altas concentrações de glicose. Os resultados demonstraram que, o alto nível de glicose 

destruiu as células induzindo alta concentração de EROs. Após a aplicação de laser, os autores 

verificaram um aumento na capacidade antioxidante celular, o que reduziu a concentração de 

EROs (CHEN et al., 2021). No estudo de Dos Santos et al. (2017), no qual ratos Wistar 

possuíam artrite reumatoide, o LBI demonstrou efeitos favoráveis na modulação do EO, com o 

aumento da atividade antioxidante avaliada pela SOD, CAT e GPx (DOS SANTOS et al., 

2017). 

Em ratos com DM, de Frigero et al. (2018) verificaram que, por meio de uma única 

aplicação de LBI (4 J/cm2) e exercícios de alta intensidade, houve um aumento na atividade 

antioxidante, verificada pela SOD e GPx. Ainda, os autores observaram a redução da atividade 

oxidante, analisada pelos níveis das substâncias reativas ao ácido tiobarbitúrico (TBARS), com 

consequente redução do EO (FRIGERO et al. 2018). 

O LBI é um tratamento não invasivo e não farmacológico, com eficácia comprovada em 

relação ao alívio de dores musculoesqueléticas e neuropáticas (M. A. et al., 2019). A luz emitida 

durante a laserterapia reage com o citocromo C oxidase aumentando a produção de ATP e 

reduzindo os níveis de EROs e a morte celular (M. A. et al., 2019). 
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3    OBJETIVOS 

 

3.1 OBJETIVO GERAL 

 

Avaliar os efeitos do laser de baixa intensidade, aplicado no músculo gastrocnêmio, 

sobre o estresse oxidativo e a atividade antioxidante em um modelo experimental de DM 2, 

induzido por dieta e estreptozotocina. 

 

3.2  OBJETIVOS ESPECÍFICOS 

 

Verificar o impacto do LBI 21 J/cm2 sobre a atividade oxidante através do TBARS no 

plasma sanguíneo em ratos com DM 2. 

Analisar o impacto do LBI 21 J/cm2 sobre a atividade antioxidante por meio do SOD e 

do NPSH em coração, diafragma, gastrocnêmio, rim e plasma sanguíneo em ratos com DM 2. 
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EFFECTS OF LOW-LEVEL LASER THERAPY ON OXIDATIVE STRESS IN RATS WITH TYPE 2 

DIABETES MELLITUS  

 

Abstract 

 

The present study aimed to evaluate LLLT effects on oxidative stress in type 2 DM. Thirty-one male Wistar rats 

were used and divided into 4 groups: Group 1 - C-SHAM, Group 2 - C-DM, Group 3 - L-SHAM, Group 4- L-DM. 

The protocol was performed 5days/week, for 6 weeks. The animals that received LLLT had one dose irradiated at 

two spots in the right gastrocnemius muscle for 36 seconds in each spot. Twenty-four hours after the last 

intervention day, the animals were euthanized. Heart, diaphragm, liver, right gastrocnemius, plasma, lungs, 

kidneys, and soleus were collected, weighed, and stored for further analysis. It is possible to observe the reduction 

in TBARS plasma levels in animals with DM. Concerning the heart, diaphragm, and gastrocnemius, Group L-DM 

had an increase in NPSH levels, after the protocol. In the heart, diaphragm, and plasma, Group L-DM had an 

increase in SOD, when compared to Group C-DM. There was a rise in SOD in Group L-SHAM regarding the 

heart, diaphragm, gastrocnemius, and kidneys, compared to Group C-SHAM. The 6 weeks-protocol with LLLT 

reduced oxidative stress in plasma levels and increased antioxidant activity in animals with DM.  

 

Keywords: Laser therapy. Oxidative activity. Antioxidant activity.  

 

Introduction 

 

The worldwide prevalence of diabetes mellitus (DM) is approximately 463 million people, which may 

rise to 700 million in 2045, according to the International Diabetes Federation [1]. Such a scenario provokes an 

expansion in financial and social costs, not only for the patients but also for the health system [2]. Diabetes mellitus 

may present two clinical forms, namely DM type 1, or type 2.  

Type 2 Diabetes Mellitus (DM 2) is the most prevalent form of the disease and may reach 91% of the 

cases in high-income countries [1]. This clinical form presents itself with an increase in peripheral resistance to 

insulin, the inadequate secretion of pancreatic beta-cells, and, consequentially, pancreatic beta-cell failure. This 

alters the molecular metabolism, causing hyperglycemia and glycosuria [2,3].  

Chronic hyperglycemia and metabolic dysregulation, caused by DM, lead to chronic complications, such 

as oxidative stress (OS). It is characterized by an imbalance between the excess production of free radicals and the 

reduction of antioxidant defenses [4].  

Free radicals are described as molecules of atoms that have at least one impaired electron in external 

orbitals, hence allowing electron transference among other molecules. They act in electron transference in 

numerous biochemical reactions and, when produced in adequate proportions, achieve significant biological 

functions. However, when excessively produced, free radicals may generate oxidative damages [5, 6].    

The goal of antioxidant defense is the control of the formation of free radicals involved in the development 

of oxidative damages. It is mainly composed of superoxide dismutase (SOD), catalase (CAT), nicotinamide 

adenine dinucleotide phosphate (NADPH), glutathione peroxidase (GPx), glutathione reductase (GRd), and non-

protein thiol levels (NPSH) [7]. 

In a hyperglycemic state, the organism may present alterations in different metabolic pathways. The main 

one is the polyol pathway, where there is an increase in the activity of the NADPH oxidase enzyme and, 

consequently, a reduction in GSH, CAT, and SOD. Two other pathways are glucose auto-oxidation and protein 

glycation. In the latter, there is the activation of macrophages [8, 9]. 
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Low-intensity laser therapy (LLLT) is a non-invasive therapeutic intervention that amplifies light by 

stimulating the emission of radiation. This resource may stimulate enzymatic activity by reducing stress. The 

emitted light during laser therapy reacts with cytochrome C oxidase, increasing ATP production and reducing ROS 

levels and cellular death [10]. 

Low-level laser therapy modifies cellular metabolism and has advantages, such as pain relief, healing 

time reduction, and repair of injuries in patients who, as in the case of DM, due to some systematic condition, have 

this process impaired. It also reduces damage and sequelae resulting from DM [11] 

Considering that DM may lead to local or systemic complications, such as the increase of OS markers 

and the decrease of antioxidant defenses in rats with DM [12, 13], new therapeutic tools as LLLT can be tested, in 

the experimental model of LLLT. Therefore, the present study verified LLLT effects on oxidative stress in rats 

with DM 2. 

 

Materials and methods 

 

Animals 

 

Thirty-two male Wistar rats were used (with a sample loss of 1 on them, which did not respond to DM 2 

induction and underwent humane euthanasia). They were 7 weeks old and weighed 200 to 250g. The animals were 

placed in boxes (coated with shavings that were daily changed) in groups of three rats per box, under controlled 

temperature (21ºC) and humidity (50 to 60%) with air exhaust and a 12h- “light-dark” cycle. The animals were 

acclimated for 14 days before the beginning of the experiment and all of them were kept and handled under the 

ethical principles in animal experimentation by the National Council for the Control of Animal Experimentation 

(CONCEA). 

After the experiment was carried out, the materials that were not used, just as the carcasses, were properly 

discarded. The activities involving the animals in this research began after the approval of the project by the Project 

Support Office (GAP), under the register 050439 (ANNEX A), and by the Ethics Committee on the Use of Animals 

(CEUA), under number 6622101118 (ANNEX B). As well as the work only began after signing the Term of 

Responsibility (APPENDIX A), the Consent Form of the Department of Physiology and Pharmacology 

(APPENDIX B), and the Consent Form of the Laboratory of Experimental Physiology (APPENDIX C) from the 

Federal University of Santa Maria (UFSM).  

 

Experimental groups 

 

The animals were divided into two groups, animals with and without DM 2 induction, considering diabetic 

animals with blood glucose equal to or greater than 200 mg/dL. Afterward, the rats were allocated into 4 subgroups, 

which are described below, based on the study by Frigero et al. [13]. 

Grup 1 - 8 animals without DM 2 without laser 21 J/cm2 (C-SHAM) 

Grup 2 - 7 animals with DM 2 without laser 21 J/cm2 (C-DM) 

Grup 3 - 8 animals without DM 2 with laser 21 J/cm2 (L-SHAM) 

Grup 4 - 8 animals with DM 2 with laser 21 J/cm2 (L-DM) 
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Induction of DM 2 

 

After acclimatization, the basal blood glucose of the animals was assessed by means of a small puncture 

in the tail vein with subsequent collection of a “drop” of blood (0.1 to 0.5 ml) [14] inserted into a manual 

glucometer (G Tech Free Lite, Infopia Co., LTDA, South Korea). For DM 2 induction, the animals were fed a 

high energy density diet, composed of 70% conventional animal feed, 15% sucrose, 10% fat, and 5% powdered 

egg yolk for the initial period of four weeks. The animals in the control group received standard commercial animal 

feed [15] and the diets were maintained throughout the experiment. All animals received water ad libitum. 

On the 29th day, the animals underwent a 12h fast and their blood glucose was once again measured. On 

the 30th day, a single dose of intraperitoneal (i.p.) streptozotocin (STZ) – 35 mg/kg– was administered, dissolved 

in vehicle (0,01 M sodium citrate solution, pH - 4.5) with a volume of 1mL/kg. Only the vehicle was administered 

via i.p to the animals in the control group [16, 17].  

One week after STZ or vehicle administration, the fasting blood glucose of the animals was measured 

again to confirm DM 2 induction. The animals that presented blood glucose equal to or greater than 200 mg/dL 

were considered diabetic. The groups received their respective diets for another four weeks and then, after 10 

weeks, the LLLT protocol was started. Animals that did not become diabetic after drug infusion and a hypercaloric 

diet, or that presented any pathology during the protocol, received humane euthanasia with anesthetic overload, 

following CONCEA regulations. 

 

Low-level laser therapy protocol 

 

After DM 2 confirmation, the LLLT or placebo protocol was initiated on the rats. The used laser consisted 

of a diode continuous-wave type InGaAlP (model Endophoton-llt-0107; KLD Biossistemas equipamentos 

eletrônicos LTDA., São Paulo, Brazil) with an output power of 20 mW and a wavelength of 660 nm (visible red). 

The size of the spot was 0.035cm², 21 J/ cm² dose, for 36 seconds in each spot, with a continuous frequency. Before 

starting the experiments, the laser equipment was calibrated using an energy meter (Optical multimeter ILX 

Lightwave omn-6810b; ILX Lightwave Lasers MED SCI Corporation, Bozeman, MT, USA). 

In LLLT groups, one single dose was irradiated in each animal, in two spots in the gastrocnemius muscle 

(medially and laterally; approximately 3cm from the beginning of the paw), on 5 days/week, for 6 weeks [18]. For 

this purpose, the skin was shaved and cleaned every day before application. The laser was irradiated with the probe 

held in contact with the skin at a 90º angle, maintaining a slight pressure [19]. The animals from the placebo groups 

(with and without DM 2) underwent the same handling procedures, asepsis and trichotomy, although without laser 

treatment. Besides, they were used as the control group (Fig. 1). 

 

Euthanasia 

 

Twenty-four hours after the last intervention day, the animals received deep anesthesia with isoflurane 

(4%) [20]. Also, blood was collected by cardiac puncture (10mL), which concluded their euthanasia. After this 

process, the heart, diaphragm, liver, right gastrocnemius, plasma, lungs, kidneys, and right soleus were collected 

and weighed.  
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Tissue preparation 

 

Sections of these organs were homogenized so that analyzes about the OS could be developed. Muscle 

tissue samples were collected and stored for further homogenization and analysis. All samples were stored in an 

ultra freezer at -80ºC. The collected blood was centrifuged and the plasma extracted for analysis.  

The extracted organs were homogenized in phosphate buffer (Ultraturrax, Staufen, Germany), while the 

muscles were homogenized in sodium chloride (0.9%) [21]. After homogenization, the organ samples were 

centrifuged (Clinical centrifuge - Spin Max 80-2b, didática SP, SP), so that a low-speed supernatant fraction (S1), 

which was used for different analyses [21], could be obtained. 

 

Protein quantification 

 

Protein content was measured according to the method described by Lowry et al. [22], by the use of 

bovine serum albumin as a standard. In a microplate, 20 µL of sample and 180 µL of coomassie were pipetted, 

then measurements were taken at  595 nm in a microplate reader (SpectraMax® i3x Multi-Mode Microplate 

Reader) [22]. 

 

Thiobarbituric acid reactive substance levels determination  

 

The thiobarbituric acid reactive substance (TBARS) levels were determined following the method 

described by Ohkawa et al. [23]. Organ, muscle and serum homogenates (40 μL of the sample) were placed in 

Eppendorf with 20 μL of distilled water, 100 μL of acetic acid, 100 μL of thiobarbituric acid (TBA) and 40 μL of 

sodium dodecyl sulfate (SDS), and right after incubated for 120 minutes at 100°C. Aliquots of 200 μL of organs 

and muscles and 500 μL of serum were transferred to the microplates, where measurements were taken at 532 nm 

in a microplate reader (SpectraMax® i3x Multi-Mode Microplate Reader). TBARS levels were measured using 

standard malonaldehyde curve (MDA) and corrected by protein content [23]. 

 

Measurement of non-protein thiol levels  

 

Non-protein thiol (NPSH) levels were determined by 134 μL of precipitated samples of previously 

homogenized organs and muscles, with 67 μL of trichloroacetic acid (TCA) (5%), and subsequently centrifuged 

in Eppendorf at 2000 rpm for 10 minutes in a microtube centrifuge (Hitachi Medical Systems - CF15RX II) [24]. 

The supernatant fraction (60 μL) was added to a reaction medium containing K-phosphate buffer (TFK) (100 μL, 

pH 7.4), distilled water (38 μL), and DTNB (2 μL) in microplates. Spectrophotometric measurements were taken 

at 412 nm in a microplate reader (SpectraMax® i3x Multi-Mode Microplate Reader). The results were calculated 

regarding a standard curve constructed with GRd at known concentrations (98, 58, 48, 38, 28 μL os distilled water, 

respectively; 100 μL of TFK; 0, 40, 50, 60 μL of GSH, respectively, and 2 μL of DTNB) and corrected by protein 

content [24]. 
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Measurement of superoxide dismutase activity 

 

In SOD analysis, the homogenate of the organ, muscle, and serum samples was added to 2mM EDTA 

(ethylenediaminetetraacetic acid) and bicarbonate buffer (NaHCO 3 / Na 2 CO 3 50 mM, pH 10.3) [26]. At the 

time of the reading, epinephrine (4mM) was added to the plate to initiate SOD for 5 minutes. The product color 

from adrenaline degradation (which was inhibited by SOD cellular activity) was verified spectrophotometrically 

(SpectraMax® i3x Multi-Mode Microplate Reader) at 480 nm. Superoxide dismutase enzyme was expressed in 

units of enzymatic activity per milligram of protein [25]. 

 

Statistical analysis 

 

In order to verify the normality of the data, the Kolmogorov-Smirnov test was used. Variables from more 

than two measurements were compared by two-way analysis of variance for repeated measures, followed by 

Bonferroni’s Post hoc. A significance level of 5% was considered for all tests. The Graphpad Prism 5 program 

(Graphpad Software, CA, USA) was used for data analysis. 

 

Results 

 

Bodyweight and blood glucose of the groups 

  In table 1, it is possible to observe that,  after the protocol period (6 weeks), the final weight of the animals 

in the 4 groups had increased when compared to the initial weight (p < 0,05). The diabetic animals (C-DM and L-

DM), at the end of the protocol, had high blood glucose levels when compared to their initial values (p<0,05), 

characterizing the hyperglycemia. There was no statistical difference when comparing Group C-DM to Group L-

DM (Table 1). 

 

Oxidant Activity Marker 

 

Determination of the TBARS levels 

 

It was possible to observe an increase in the TBARS plasmatic levels in Group C-DM, when compared 

to Group C-SHAM (p<0,001). There was a reduction in TBARS plasmatic levels when analyzing the laser effect 

on the animals with DM (p<0,001) (Fig. 2). 

 

Antioxidant Activity Makers 

 

Measurement of NPSH levels 

 

 The results of the antioxidant markers are described in Table 2. In the heart, there was a decrease in NPSH 

levels in Group C-DM, when compared to Group C-SHAM (p<0,05). The animals with DM had increased NPSH 

levels after the LLLT protocol (p<0,05). 
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In the diaphragm muscle, NPSH levels decreased in Group C-DM, when compared to Group C-SHAM. 

The laser produced an increase in the levels of this marker when comparing Group L-DM to Group C-DM 

(p<0,05). 

In the gastrocnemius muscle, Group L-SHAM presented a reduction in NPSH levels after treatment 

(p<0,05). In contrast, the diabetic group irradiated with LLLT of 21 J/cm2 showed an increase in the levels of this 

marker (p<0,05). In the kidney, Group L-DM showed a reduction in NPSH levels when compared to Group L-

SHAM (p<0,05) (Table 2). 

 

Measurement of SOD antioxidant enzyme activity 

 

 In table 2, it is possible to observe that, in the heart, there was a reduction in the SOD levels in the C-DM 

group when compared with the C-SHAM (p<0,05). After the LLLT protocol, the laser groups presented an increase 

in SOD levels when compared to the control groups, both in the SHAM and diabetic rats groups (p<0,05). 

In the diaphragm, the L-SHAM and L-DM groups showed an increase in SOD levels when compared to 

the animals in the control groups (p<0,05). In the gastrocnemius muscle, the DM groups (C-DM and L-DM) 

presented a reduction in SOD levels when compared to the SHAM groups (C-SHAM and L-SHAM) (p<0,05). 

There was an increase in the marker level in the laser group when comparing the C-SHAM to the L-SHAM 

(p<0,05). 

In the kidney, Group L-SHAM showed an increase in SOD levels when compared to Group C-SHAM. 

In the diabetic group treated with LLLT, the laser induces the reduction of SOD levels compared to Group L-

SHAM (p<0,05). Regarding blood plasma, Group C-DM had a reduction in SOD levels when compared to Group 

C-SHAM, whilst Group L-DM presented an increase when compared to Group C-DM (p<0,05). 

 

Discussion 

 

In the present study, an increase in blood glucose in diabetic groups was verified (C-DM and L-DM) after 

DM induction. When analyzing the effects of the laser on the rats with DM on TBARS, it was possible to observe 

a reduction in plasma levels of the animals with DM. In the heart, diaphragm, and gastrocnemius, the laser group 

presented, after the treatment, an increase in NPSH levels when compared to its control group. In the heart, 

diaphragm, and plasma, Group L-DM had an increase in SOD levels when compared to Group C-DM. Group L-

SHAM showed an increase in SOD levels in the heart, diaphragm, gastrocnemius, and kidney when compared to 

Group C-SHAM. 

 Hyperglycemia contributes to the increase of the reactive oxygen species (ROS) [26]. Furthermore, OS 

can lead to insulin resistance, with consequent compromise in different systems. The therapeutic tools must act on 

the DM 2, so that the hyperglycemic and insulin resistance can be improved [27]. 

 Bahwal et al. [28] verified that, after the treatment with LLLT 5 J/cm2 on the experimental DM model, 

there was a reduction in the blood glucose level. In a similar study, Gong et al. [27] investigated the effect of LLLT 

8 J/cm2 in the improvement of glucose metabolism in skeletal muscle in type 2 DM models. The authors identified 

a reduction in blood glucose and insulin resistance, with reversal of metabolic abnormalities in skeletal muscle, 
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once the it is responsible for glucose metabolism. Besides, the laser acted on its metabolic improvement through 

glucose uptake and accelerated glycogen synthesis [27, 28]. 

 Li et al. [29] demonstrated that the compound laser acupuncture-moxibustion had positive effects on the 

regulation of hyperglycemia, fasting insulin, and blood lipids levels in male Wistar rats with type 2 diabetes 

mellitus. In our studies, we did not verify the glucose level reduction in the animals with DM after the LLLT 21 

J/cm2 protocol. 

The combination of diabetes and hyperglycemia affects the redox balance, which increases the oxidant 

and reduces the antioxidants substances [30]. Hyperglycemia stimulates ROS production, which in turn can 

determine the OS. LLLT is believed to act on OS through the absorption of red and infrared light by cytochrome 

C oxidase, stimulating its performance. In our study, hyperglycemia has increased in C-DM and L-DM groups 

when comparing the initial and final values, confirming the effectiveness of DM 2 induction through the STZ. At 

the same time, the LLLT did not induce the reduction of hyperglycemic levels.  

Regarding oxidative activity, analyzing the plasma TBARS levels in our study, it is verified a reduction 

in the diabetic group after the LLLT, demonstrating the treatment efficiency. In the study of Tatmatsu-Rocha et al 

[3] with twenty DM mouses, the animals received the LLLT treatment over 5 days, and it was verified a reduction 

in the TBARS levels in the irradiated diabetic group when compared with the non-irradiated diabetic group. This 

is due to the fact that the membrane is constantly subjected to lipid lipoperoxidation, once in OS, and LLLT acts 

through the activation of the antioxidant defense mechanism, protecting the lipid membranes against oxidative 

damages [31]. 

Frigero et al. [13] verified that the laser therapy in diabetic rats submitted to high-level intensity exercises 

determined, in the gastrocnemius muscle, a reduction on the TBARS levels on the treated DM group. Although 

the studies do not evaluate the TBARS in the plasma specifically, they corroborate the findings of the present 

study. In our study, this marker showed an increase in diabetic individuals when comparing the C-SHAM and C-

DM groups and, later, a reduction after the treatment with LLLT application when comparing C-DM to L-DM 

groups. 

The antioxidants defenses, whether enzymatic or non-enzymatic, are produced under normal 

physiological conditions by the body, as well as the free radicals. However, the imbalance between the production 

of free radicals and the production of antioxidants results in the toxic effects of the former and in oxidative stress,  

consequently [32, 33]. 

In our study, a reduction in NPSH levels was found in the heart, diaphragm, and gastrocnemius when 

comparing C-SHAM to C-DM groups. After the LLLT protocol with 21 J/cm², an increase in Group L-DM was 

verified when compared to the control group with diabetics animals. Similarly, analyzing SOD after the laser, the 

heart and diaphragm levels increased in both L-SHAM and L-DM groups when compared to their respective 

control groups. After the LLLT application, in Group L-SHAM, SOD presented an increase both in the 

gastrocnemius muscle and kidneys. In Group L-DM, plasma showed an increase in oxidant activity through SOD. 

The studies by Asghari et al. [34], designed to explore the possible effect of LLLT on kidney damage in 

twenty diabetic rats, and Frigero et al. [13], quote above, corroborate the results found in this study in the two 

antioxidant analyses. Although the first study only evaluated the renal system and the second study the 

gastrocnemius muscle, both verify a reduction in SOD and NPSH in the diabetic groups and an increase in these 

markers in groups submitted to the LLLT. 
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Oliveira et al. [35], in a study with 48 healthy female rats that aimed to determine whether or not the OS 

markers were influenced by LLLT in rats that underwent a high intensity resisted exercises session, found a 

reduction in the oxidative stress markers, as well as an increase in the antioxidant capacity. Sunemi et al. [36] also 

evaluated the effect of LLLT, applied to the gastrocnemius muscle, in healthy female Wistar rats, before and after 

a high-intensity resistance exercise session, on oxidative stress and corroborated with the findings in the study 

carried out by Oliveira et al. [35]. 

Low-level laser therapy attenuated oxidative stress by increasing antioxidant activity, enhancing 

mitochondrial function, oxygen dismutation, and, consequently, reducing peroxynitrite formation [37]. After 

LLLT performance, there was a metabolic increase, as well as in SOD and NPSH synthesis, which aims to inhibit 

ROS production and, consequently, generate cellular protection [37]. LLLT acts through cytochrome C oxidase, 

increasing ATP production and decreasing ROS levels, besides cellular death [10]. 

The present study has some limitations. It was not possible to perform the analysis of other oxidant and 

antioxidant activity parameters, which would provide greater knowledge on laser effects on OS.  

 

Conclusion 

 

In the present study, it was possible to conclude that the 21 J/cm² LLLT reduced oxidative activity in rats 

with DM 2, verified by TBARS, and increased the antioxidant activity, which was analyzed by NPSH and SOD 

indicators.  
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Fig. 1 – Application of LLLT in the gastrocnemius muscle 
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Values in mean ± SD. The groups were compared by two-way ANOVA with Post Hoc Bonferroni. TBARS: levels 

of thiobarbituric acid reactive substance. Control-Sham (C-SHAM, n=8); Laser-SHAM (L-SHAM, n=8), Control-

Diabetes (C-DM, n=7) and Laser-Diabetes (L-DM, n=8). 

* compared to C-SHAM and L-SHAM (p<0.001) 

** compared to C-DM (p<0.001) 

 

Fig. 2 – Plasma oxidizing activity marker 
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Table 1 - Body weight and blood glucose of the groups 

 

Body weight and blood glucose of the groups 

Groups Initial weight (g) Final weight (g) Initial blood glucose (mg/dL) Post STZ and vehicle blood glucose (mg/dL) Final blood glucose (mg/dL) 

C-SHAM 266±18 486±23* 125±7 113±12 124±21 

L-SHAM 283±29 467±32* 141±23 115±11 134±23 

C-DM 248±17 362±45* 139±16 407±70* 428±44* 

L-DM 242±19 382±55* 137±21 416±94* 412±53* 

Values in mean ± SD. The groups were compared by two-way ANOVA with Post Hoc Bonferroni. STZ: streptozotocin. Control-Sham (C-SHAM, n=8); Laser-SHAM (L-

SHAM, n=8), Control-Diabetes (C-DM, n=7) and Laser-Diabetes (L-DM, n=8). 

 

* p<0.05 comparing initial and final values 
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Table 2 - Markers of antioxidant activity in heart, diaphragm, gastrocnemius, kidney and plasma 

NPSH      

Groups Heart 

(nmol SH/mg de prot.) 

Diaphragm 

(nmol SH/mg de prot.) 

Gastrocnemius 

(nmol SH/mg de prot.) 

Kidney 

(nmol SH/mg de prot.) 

 

C-SHAM 136±6 48±1 42±14 25±9  

L-SHAM 87±10c 40±12 28±3c 30±10  

C-DM 16±6a 20±5a 36±2 13±2  

L-DM 50±6bd 76±15bd 62±7bd 18±2b  

SOD      

Groups Heart (U/mg) Diaphragm (U/mg) Gastrocnemius (U/mg) Kidney (U/mg) Plasma (U/mg) 

C-SHAM 0,002±0,000 0,001±0,000 0,031±0,010 0,001±0,000 0,035±0,006 

L-SHAM 0,004±0,000c 0,006±0,001c 0,048±0,011c 0,009±0,002c 0,034±0,011 

C-DM 0,001±0,000a 0,001±0,000 0,002±0,000a 0,000±0,000 0,001±0,001a 

L-DM 0,004±0,001d 0,003±0,001bd 0,003±0,001b 0,001±0,000b 0,036±0,011d 

Values in mean ± SD. The groups were compared by two-way ANOVA with Post Hoc Bonferroni. Prot.: protein. NPSH: non-protein thiol levels. SOD: superoxide dismutase 

activity. Control-SHAM (C-SHAM, n=8); Laser-SHAM (L-SHAM, n=8), Control-Diabetes (C-DM, n=7) and Laser-Diabetes (L-DM, n=8). 

a p<0.05 comparing C-SHAM and C-DM; 

b p<0.05 comparing L-SHAM and L-DM; 

c p<0.05 comparing C-SHAM and L-SHAM; 

d p<0.05 comparing C-DM and L-DM. 
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5     CONCLUSÃO 

 

O presente estudo teve como objetivo avaliar os efeitos do laser de baixa intensidade, 

sobre o estresse oxidativo em ratos com DM 2. Verificou-se que o protocolo com laser de baixa 

intensidade, aplicado durante 6 semanas por 5 dias consecutivos, na musculatura do 

gastrocnêmio, com intensidade de 21 J/cm2, em ratos com DM 2, induzidos por STZ, foi eficaz 

na redução do estresse oxidativo. Da mesma forma, no aumento da atividade antioxidante em 

órgãos, músculos e plasma.  

Demonstrando, desta maneira, que o LBI é uma importante ferramenta não 

farmacológica que pode ser utilizada para o tratamento de indivíduos com DM 2. Este estudo 

apresentou como limitações a escassez de publicações que corroborassem de alguma forma com 

os achados desta pesquisa. Assim como, outras análises acerca do estresse oxidativo, outros 

grupos com diferentes intensidades de LBI e um maior número de animais.  
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