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RESUMO

SILVA, P. H. Modelo experimental de diabetes mellitus e doenca renal associados em
camundongos. Campo Grande; 2022. [Dissertagdo — Universidade Federal de Mato Grosso do

Sul].

As doengas cronicas ndo transmissiveis, como a Diabetes Mellitus (DM), acometem uma
parcela importante da populagdo. A DM trata-se de uma desordem metabolica lipoproteica,
caracterizada pela hiperglicemia, decorrente da resposta secretoria insuficiente ou deficiente do
horménio insulina, sendo ainda uma das principais causas para a Doenga Renal (DR). Diante
da gravidade das complicacdes microvasculares causadas pela DM, assim como
cardiomiopatia, encefalopatia, retinopatia, neuropatia e nefropatia, justificou-se a realiza¢ao
deste estudo. O objetivo deste estudo foi associar modelos de DM e DR em camundongos.
Foram utilizados 64 camundongos (Mus musculus), adultos, fémeas, da linhagem Swiss,
pesando em média 20 g, distribuidos em grupos: G1, controle (n=32) e G2, doenga associada
(n=32). Primeiramente, foram induzidos a estenose arteriovenosa (isquemia, 10 minutos e
reperfusdo) do rim esquerdo os animais do G2, sendo observados por 14 dias, antes de
receberem estreptozotocina (STZ) e dieta. Apds esse periodo foi administrado STZ, na dose de
150 mg/kg, via intraperitoneal, e solucdo aquosa de glicose (10%), por 24 horas, seguida de
dieta hiperlipidica por 7 dias. A evolugdo da DR foi observada utilizando-se tira teste de analise
urinaria e da DM por meio da anélise de glicemia em monitor digital glicémico. Foi constatada
a isquemia e reperfusdo, mediante observacao das alteragdes de coloragdo, durante a cirurgia,
volume e tamanho do rim esquerdo, quando comparado ao rim contralateral. Observou-se
alteragOes renais iniciais em G2, nos primeiros 14 dias, aumento da densidade urinaria,
alteracdo do pH, presenca de glicose, proteinas e leucocitos, quando comparados ao G1. A DM
foi constatada pela presenca de hiperglicemia, a partir de 200 mg/dL, no 7° dia da indugdo. Os
animais do G2 apresentaram perda constante de peso, quando comparados ao G1. Foi possivel

induzir e confirmar DM e DR associados, com baixa mortalidade e facil execucao.

Descritores: Diabetes, nefropatia, estreptozotocina, lesdo isquémica e reperfusao renal.



ABSTRACT

SILVA, P. H. Experimental model of associated diabetes mellitus and kidney disease in

mice. Campo Grande; 2022. [Dissertation — Federal University of Mato Grosso do Sul].

Chronic non-communicable diseases such as Diabetes Mellitus (DM), affect an important part
of the population. DM is a lipoprotein metabolic disorder, characterized by hyperglycemia,
resulting from an insufficient or deficient secretory response of the hormone insulin, and is still
one of the main causes of Kidney Disease (KD). Given the severity of the microvascular
complications caused by DM, as well as, cardiomyopathy, encephalopathy, retinopathy,
neuropathy and nephropathy, this study was justified. The aim of this study was to associate the
models of DM and KD in mice. Sixty-four adult female mice (Mus musculus) of the Swiss
strain were used, weighing approximately 20 g, were divided groups: G1, control (n=32) and
(G2, associated diseases (n=32). First the G2 animals were induced to arteriovenous stenosis
(ischemia, 10 minutes and reperfusion) of the left kidney, being observed for 14 days, before
receiving streptozotocin (STZ and diet. After this period, STZ was administered at a dose of
150 mg/kg, intraperitoneally, and aqueous glucose solution (10%), for 24 hours, followed by a
high-fat diet for 7 days. The evolution of KD was observed using a urine analysis test strip and
DM by analyzing blood glucose on a digital glucose monitor. Ischemia and reperfusion were
verified by observing changes in color during surgery, volume and size of the left kidney, when
compared to the contralateral kidney. Initial renal alterations were observed in G2, in the first
14 days, increased urinary density, pH alteration, presence of glucose, proteins and leukocytes,
when compared to G1. DM was confirmed by the presence of hyperglycemia, starting at 200
mg/dL, on the 7% day of induction. G2 animals showed constant weight loss when compared to
G1. It was possible to induce and confirm associated DM and KD, with low mortality and easy

execution.

Descriptors: Diabetes, nephopathy, streptozotocin, ischemic injury and renal reperfusion.
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1 INTRODUCAO

O Diabetes Mellitus (DM) ¢ um distirbio metabolico cronico dos carboidratos, lipidios
e proteinas, devido a resposta secretoria defeituosa ou insuficiente do hormoénio insulina, que
resulta em hiperglicemia, hipoinsulinemia, cetoacidose, polidipsia, politria, polifagia e perda
de peso (CARVALHO et al., 2016).

Dentre as inimeras complicacdes do DM, encontram-se alteracdes microvasculares,
cardiomiopatia, encefalopatia, retinopatia, neuropatia e nefropatia. A retinopatia diabética leva
a problemas visuais, risco de quedas e cegueira, em ultimos casos. Em paises subdesenvolvidos,
a nefropatia diabética, em grande parte doenca glomerular, ¢ reconhecida como uma das
principais causas para o surgimento e evolu¢do da doenca renal cronica (DRC). Por sua vez, a
DRC tem se mostrado uma das maiores causas de morbimortalidade em pacientes diabéticos
(ALPERS; HUDKINS, 2011; AZUSHIMA et al., 2018; BURMEISTER et al., 2012;
CARVALHO et al., 2016; GLASTRAS et al., 2016; VALENCIA; FLOREZ, 2017).

A hiperglicemia permanente, promove diversas alteragdes metabdlicas, o que, por
eventos moleculares especificos e precisos, levam a nefropatia diabética, com alteragdes
morfologicas de origem da sintese do coldgeno, levando a complicagdes de cicatrizagao
(DENADAI et al., 2015; BARBOSA et al., 2008; KARAMI et al., 2020).

A ativacdo da proteina C quinase, ¢ uma delas, que consequentemente leva a producao
do 6xido nitrico, promovendo estresse oxidativo, aumentando a formagado dos radicais livres e
espécies reativas de oxigénio (ERO’S), repercutindo em lesdo isquémica dos tecidos
(DENADAI et al., 2015; ROCHA et al., 2016).

Os modelos experimentais de isquemia renal t€ém sido descritos com frequéncia na
literatura, em varias espécies e linhagens. Sdo caracterizados de forma morfologica e celular,
assim como com testes bioquimicos. A oclusdao do pediculo renal causa os maiores niveis de
danos histologicos renais, juntamente com a congestdo hemorragica generalizada. A congestao
vascular renal e o edema diminuem na reperfusdo, mas a lesdo epitelial tubular ndo muda
significativamente. Sendo assim, h4 dano no tecido renal, pela isquemia em associagdo com
suas disfungdes hemodinamicas renais, excretoras ¢ de concentragdo de urina
proporcionalmente desenvolvidas (RAMESH; RANGANATHAN, 2014).

As complicagdes microvasculares decorrentes do quadro clinico dos pacientes
diabéticos, decorrentes da persisténcia do quadro hiperglicémico oriundo das diversas
alteracdes metabolicas, as quais tornam-se um grande desafio na vida dos profissionais da

saude, que lidam e fazem uso de diversos recursos terapéuticos, com objetivo de melhorar a
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qualidade de vida de seus pacientes, minimizando os danos provocados pelas comorbidades,
associado a escassez de estudos a respeito da temadtica, torna fundamental o desenvolvimento

do presente estudo.
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2 REVISAO DE LITERATURA

2.1 Modelo Animal de Doenca

O uso de modelo animal em pesquisas cientificas, para estudo de anatomia, fisiologia,
patologia e farmacologia animal e humana, tem contribuido fortemente para o desenvolvimento
da ciéncia e biotecnologia ao longo dos anos. Permitindo alavancar e aprimorar estudos a
respeito de mecanismos etiologicos e fisiopatologicos das mais diversas doengas, assim como
das modalidades terapé€uticas que possam ser aplicadas a espécie humana, corroborando para o
desenvolvimento de vacinas, antibioticos, dentre outros meios de tratamento (ANDERSEN;
WINTER, 2019; MONTEIRO et al., 2009; ROBINSON et al., 2019; SILVA, 2015).

A relagdo entre humanos e variadas espécies animais segue-se ao longo da historia.
Anualmente, milhares de animais sdo empregados em estudos experimentais, em condi¢des
favoraveis as alteragdes fisiologicas observadas nas doencas em humanos, buscando assim
enfatizar e justificar a aplicabilidade e semelhanga do modelo animal aos humanos.
Historicamente, os animais foram utilizados para o desenvolvimento de técnicas cirirgicas
notadamente utilizadas até o presente, como a traqueostomia e laparoscopia (CAVALCANTI
et al, 2009; FAGUNDES; TAHA, 2004; ROBINSON et al., 2019).

O engajamento das pesquisas envolvendo animais se dd, dentre outros motivos, as
limitacdes na investigagdo das doengas humanas, as quais envolvem igualmente aspectos éticos,
inerentes a propria doenga e ainda ao modo de investigagdo. Uma vez que pesquisas envolvendo
seres humanos exigem uma série de requisitos a fim de preservar a integridade fisica e
psicoemocional do individuo durante a experimentacdo e apresentam ainda uma série de
limitacdes, dentre elas, a dificuldade de estabelecer de forma fidedigna resultados sem a
interferéncia dos voluntarios (FAGUNDES, TAHA, 2004).

Um bom modelo animal deve apresentar determinadas caracteristicas para viabilizacao
dos estudos e apresentacdo de resultados confidveis, sendo destacadas os seguintes marcos:
concessdo ao estudo de fendmenos bioldgicos ou comportamental animal; investigagdo de
processos patologicos, e maxima semelhanca e identificacdo com os quadros clinicos das
doencas humanas, além de contar com um grupo controle para acompanhamento. A qualidade
sanitaria do animal também ¢ muito importante para o pesquisador, devendo respeitar as
diretrizes do Conselho Nacional de Controle de Experimentagdo Animal (CONCEA)
(ANDERSEN; WINTER, 2019; MONTEIRO et al., 2009; ROBINSON et al., 2019).

18



Outro ponto forte da experimentacdo animal, em especial com o uso de animais de
pequeno porte, como camundongo, rato, hamster, coelhos e coobaia, se di em vista dos custos,
viabilidade, manuseio e facilidade na execugao técnica dos procedimentos, principalmente, em
condi¢des laboratoriais, infraestrutura disponivel e principios metodoldgicos cientificos, os
quais permitem a reproducdo cientifica dos determinantes patoldégicos (MONTEIRO et al.,
2009; SILVA, 2015).

Dos estudos, envolvendo animais, o padrdo-ouro de pesquisa clinica ¢ o estudo
controlado randomizado, o qual conta com grupos distribuidos de forma aleatdrio, os quais
sofrerdo interven¢ao de acordo com a metodologia pré-estabelecida previamente, respeitando
o estado de duplo-cego dos investigadores, evitando conflito de interesses e inducdo dos
resultados (ROBINSON et al., 2019).

No entanto a medida que as pesquisas experimentais crescem, 0 COmpromisso com a
necessidade de redugdo, refinamento e até substituicdlo dos animais aumenta
proporcionalmente. E importante, nio expor os animais a estudos desnecessarios. A partir disto,
jé se inicia nos laboratorios simulacdo e habilidades cirurgicas por meio da realidade virtual

(ROBINSON et al., 2019).

2.2 Diabetes Mellitus

O DM ¢ um termo global para distarbios metabolicos dispares, tendo como principal
sinal clinico a hiperglicemia cronica. Sendo assim, € reconhecido por uma sindrome metabdlica
cronico dos carboidratos, lipidios e proteinas, devido a resposta secretéria defeituosa ou
insuficiente do hormonio insulina ou, geralmente, ambos, resultando desta forma nos seguintes
achados clinicos: hiperglicemia, hipoinsulinemia, cetoacidose, polidipsia, politria, polifagia e
perda de peso (PETERSMANN et al., 2019; CARVALHO et al., 2016).

O DM tipo 1 (DM1) é compreendido como uma forma autoimune dos quadros tipicos
de diabetes, determinado pela destruicdo progressiva das células beta pancreaticas,
proporcionando uma total deficiéncia do hormonio insulina. A perda das células betas e de
funcao sao fatores também fundamentais para o desenvolvimento do DM tipo 2 (DM2), o qual
varia entre um predominio da relativa deficiéncia de insulina a um vasto defeito secretorio
associado a resisténcia insulinica. Onde o DM2 e os distarbios renais associados, estio em
crescente aumento, impulsionado pelo aumento exponencial da obesidade (GLASTRAS et al.,

2016; PETERSMANN et al., 2019).
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O Diabetes, reconhecido como doenga socioecondomica mundial, € a principal causa para
o aparecimento da Doenca Renal Cronica (DRC) nos paises, em todo o mundo, desde os
ocidentais até os de baixa e média renda. Este pode acarretar inimeras complicagdes, desde
retardo no processo de reparagao tecidual decorrente de alteragdes bioquimicas, assim como
cardiomiopatias, encefalopatias, neuropatias e nefropatias. A nefropatia diabética (ND) ¢ a
complica¢do mais importante e a maior causa para o surgimento da DR no mundo, a qual pode
ainda levar a obito os seus portadores (BRAGA et al., 2016; BURMEISTER et al., 2012;
CARVALHO et al., 2016; GLASTRAS et al., 2016; PETERSMANN et al., 2019).

Os valores de glicose plasmatica caracteristicos de quadro hiperglicémico nos animais
sdo valores igual ou maior que 200 mg/dL, os quais definem o estado diabético. Ja valores entre
80 a 150 mg/dL, sdo compreendidos como estado ndo diabético, também denominados niveis
glicémicos normais e, por sua vez, os valores compreendidos de 150 a 199 mg/dL, entende-se
como estado pré-diabético. Atualmente, o padrao-ouro para mensuragdo dos niveis glicémicos
e diagnoéstico de diabetes em modelos experimentais, se da através da mensuracdo dos niveis
de glicose no plasma venoso. Em humanos, de acordo com a Diretriz da Sociedade Brasileira
de Diabetes entende-se como estado diabético valores acima 125 mg/dL em jejum,
considerando um periodo igual ou superior a 8 horas. Ja valores entre 100 a 125 mg/dL
compreende-se como quadro pré-diabético, e valores inferiores a 100 mg/dL entende-se como
glicose sanguinea normal ou ndo diabético (COBAS et al., 2022; PEREIRA et al., 2018;
PETERSMANN et al., 2019).

Os elevados indices de glicose sanguinea, denominados hiperglicemia, provocam
diversas alteragdes metabdlicas, o que afeta a vascularizagdo dos tecidos, estando associado a
faléncia de multiplos 6rgdos a longo prazo. A ativagdo da proteina C quinase aumenta a
producao das ERO’S, devido a superprodugao de 6xido nitrico na cadeia mitocondrial, gerando
o estresse oxidativo. Este processo origina entdo, uma resposta inflamatoria, diante do aumento
de radicais livres, que repercutem em lesdo isquémica, uma vez que ha redugdo das defesas
antioxidantes (DENADAI et al., 2015; PETERSMANN et al., 2019; ROCHA et al., 2016).

O primeiro estudo datando a descoberta da insulina para o tratamento de DM, ocorreu
em 1920, em camundongos geneticamente modificados. A STZ ¢ um composto natural
amplamente utilizado para induzir a DM1, através da interrupcao seletiva da funcao das células
beta () pancreaticas das ilhotas de Langerhans dos animais ou por alquilagao intracelular do
DNA destas e consequente necrose celular, enquanto em camundongos db/db, geneticamente
propensos a diabétes associado a deficiéncia de leptina, ¢ capaz de produzir neste modelo

classico a DM2. O estresse oxidativo, proteina C quinase e o processo inflamatdrio estdo dentre
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0s mecanismos com importante papel na patogénese da ND (GLASTRAS et al., 2016; JIANG
etal., 2021).

Em estudo experimental, He et al. (2019), administraram inje¢do intraperitoneal de
estreptozotocina na dose inica de 120 mg/kg, em 20 camundongos, sendo que 17 destes animais
apresentaram aumento dos niveis glicémicos, sendo considerados diabéticos e assim adequados
para o experimento.

A DRC grave esté atrelada a um grande fardo pessoal, visto que o transplante renal e a
dialise sdo as Unicas opc¢des em estagios tardios da doenga. A terapia de substitui¢ao renal € um
procedimento de alto custo para a satde. Diante disto, uma maior compreensao da doenga e
suas correlagdes clinicas, pode auxiliar em melhores estratégias diagnosticas e terapéuticas a

fim de prevenir e tratar a evolugdo da DRC (GLASTRAS et al., 2016).

2.3 Nefropatia Diabética

A ND ¢ uma complicacdo microvascular grave do diabetes, caracterizada por
proteintria e declinio progressivo da funcdo renal, sendo a principal causa de doenga renal
terminal. As caracteristicas patologicas da ND envolvem acumulo de matriz extracelular
(MEC) dentro dos glomérulos e tibulo intersticial, morte celular glomerular e tubular,
contribuindo para o desenvolvimento de glomeruloesclerose e fibrose tubolintersticial. Niveis
elevados de glicose sérica, alteragdes hemodinamicas, fatores de crescimento local, disturbios
metabolicos e sintese de hormonios sdo apontados na patogénese desta complicacao (JIANG et
al.,2021; KIM et al., 2021; SAMSU, 2021).

Quadros de hiperglicemia e dislipidemia, em diabéticos, geram estresse oxidativo,
aumentando os niveis de proteinas pro-inflamatorias devido a infiltragdo de macrofagos,
secretando citocinas inflamatdrias, provocando inflamagao local e sistémica, induzindo a
nefrite. Diversos estudos tém relacionado que a produgao de citocinas pro-inflamatdrias e ERO
estdo intimamente associados ao risco de surgimento da ND. Esta ¢ uma das complica¢des mais
graves do DM, estando associada as altas taxas de morbidade e mortalidade, dentre os principais
fatores para seu surgimento destacam-se hiperglicemia, hipertensdo obesidade, dislipidemia,
1dade, tabagismo, género e fatores genéticos (JIANG et al., 2021; SAMSU, 2021).

O diagndstico da ND ¢ incerto, uma vez que ndo segue um padrdo classico. Um dos
maiores problemas enfrentados, estd no diagnostico de ND ndo associado a retinopatia, que
apresenta prevaléncia 40% dos casos. Habitualmente, a triagem e diagnostico desta, se d4 pela

avaliacdo de albumintria. Em pacientes portadores de DM1, a prevaléncia de microalbuminuria
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chega a 18%, enquanto no DM2, 7%. Ao ser detectado macro ou microalbumintria, deve-se
investigar a associacdo de comorbidades, excepcionalmente, retinopatia e doenca
macrovascular (SAMSU, 2021).

O tratamento da ND ainda ¢ um desafio. O controle rigoroso dos niveis glicémicos e da
pressao arterial, sobretudo dos inibidores da enzima conversora de angiotensina (ECA) e dos
bloqueadores dos receptores da angiotensina II, sao fatores importantes no retardo evolutivo da
doenca e da regressao da albumintria. Acredita-se que a reducao dos niveis de albumintiria, em
individuos diabéticos, favorecam melhores resultados no retardo dos indices de doengas renais
e cardiovasculares (JIANG et al., 2021; SAMSU, 2021).

Desta forma a ND é compreendida como uma sindrome clinica, que acomete pacientes
com DM, caracterizada pelo declinio da func¢do renal, retinopatia diabética, proteinuria e
reducdo da taxa de filtragdo glomerular (TFG). Em alguns casos, pode haver comprometimento
da fung¢do renal sem presenca de proteinuria, comum em pacientes com DM e DRC. No entanto,
a albumintria ¢ apontada como o principal causador do declinio da TFG (SAMSU, 2021).

O fator de necrose tumoral alfa (TNF-a) ¢ o principal mediador inflamatério, desse
modo, valores elevados deste, podem provocar alteragdes nos vasos sanguineos renais e danos

nos rins (SAMSU, 2021).

2.4 Doenc¢a Renal Cronica

A DRC ¢ uma epidemia, considerada um dos maiores € mais importantes problema de
saude do mundo, associada as altas taxa de morbidade e mortalidade mundial, sendo explicada
pelo aumento crescente da prevaléncia de DM, doencas cardiovasculares e expectativa de vida
(TOGOE et al., 2014).

A DRC tem suas caracteristicas histopatoldgicas, tipicamente associada a ND,
apresentando espessamento mesangial difuso, espessamento da membrana basal glomerular e
fibrose tubulointersticial. A obesidade também tem sido vista como importante fator originador
e complicador para os quadros renais (GLASTRAS et al., 2016).

A microalbuminaria (MA) tem sido considerada o principal achado diagndstico
indicador de pacientes com DM1 em risco de disfun¢ao renal progressiva. No entanto, ainda ha
controversas, uma vez que apenas 20% dos pacientes com MA evoluem para proteinuria,
muitos revertem o quadro para normoalbuminuria e, em alguns casos, portadores de DM1
apresentam reducao progressiva da fungdo renal, antes ou com o inicio da MA (MERCHANT
etal., 2013).
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A avaliacdo da progressao da insuficiéncia renal ¢ baseada nos sinais, sintomas e historia
clinica do paciente. Suas manifestagdes clinicas sdo incipientes e silenciosas, podendo ser
facilmente confundidas com outras comorbidades, frequentemente observados em exames

laboratoriais de rotina, como uréia e creatinina (TOGOE, 2014).

2.5 Isquemia e Reperfusiao

A lesdo por isquemia e reperfusdo (I/R) pode ser definida como toda alteragao em
decorréncia da privagdo de oxigénio e nutrientes aos tecidos. Este fendmeno envolve nao apenas
alteragOes intracelulares como também uma lesdo inflamatéria. Estudos em modelos animais
tem mostrado que as consequéncias de I/R, variam de acordo com a duragdo da mesma, sendo
passivel de ocorrer alteragcdes bioquimicas e até mesmo necrose (TOGOE, 2014).

Esta lesdo ¢ inevitavel no transplante renal resultando em lesdo renal aguda (LRA), onde
por sua vez, sofre agravo em decorréncia da presenga de ERO’S, infiltracdo de neutréfilos,
peptideos vasoativos e deplecdo de adenosina trifosfato (ATP). Deste modo a I/R provoca
desequilibrio na sintese de radicais livres de oxigénio e antioxidante, produzindo inflamag¢ao
renal. Outro fator importante, ¢ que os hormonios sexuais influenciam diretamente no processo
inflamatorio (BAREKAT et al., 2018).

Durante a isquemia, hd redugdo do fluxo sanguineo desuniformemente, notadamente
mais intenso na regido medular. Este mecanismo, leva ao aumento na produ¢do de ERO’S,
provocando redugdo maior ainda do fluxo sanguineo medular, levando a lesao endotelial
durante a reperfusdo, seguida de resposta inflamatoria da regido (BAREKAT et al., 2018;
TOGOE, 2014).

Comumente, a LRA ¢ a maior ¢ mais comum complicacdo da I/R, levando a formacao
de radicais livres e danos as células tubulares renais. A produgao de radicais livres, por sua vez,
lesa a via renal por peroxida¢ao de lipidios e proteinas. Em contrapartida, a lesdo renal favorece
o aumento da cascata inflamatdria via liberagdo de ERO’S, citocinas e ativagdo de leucocitos

(BAREKAT et al., 2018).
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3 OBJETIVOS

3.1 Objetivo Geral

Induzir modelo experimental de diabetes mellitus e doenca renal associados em

camundongos.

3.2 Objetivos Especificos

a) Induzir e confirmar modelo experimental de diabetes mellitus e doenga renal
associados em animais.

b) Mensurar os niveis glicémicos e peso corporal dos animais a fim de verificar a
evolucdo do quadro clinico das doengas.

¢) Analisar a funcao renal por meio de exame quimico urinario.
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4 METODOS

4.1 Tipo de Estudo

O presente estudo trata-se de uma pesquisa experimental em modelos animais. Este
estudo foi aprovado pela Comissdo de Etica no Uso de Animais (CEUA) da Universidade

Federal do Mato Grosso do Sul (UFMS) (Protocolo CEUA/UFMS No. 1.065/2019).

4.2 Amostra

Foram utilizados neste estudo 64 camundongos (Mus musculus), fémeas, adultos, da
linhagem Swiss, pesando, aproximadamente, 20 g, com idade média de 50 dias, provenientes
do Biotério Central da UFMS.

O experimento foi realizado no Laboratdério de Modelos Animais de Doenca (LMED)
da Faculdade de Medicina (FAMED) da UFMS. Toda a rotina de limpeza dos ambientes e
manutengdo dos animais foram realizados e monitorados por uma Médica Veterindria, assim
como os procedimentos experimentais realizados. Atendendo aos padrdes operacionais
estabelecidos pelo Biotério Central, de acordo com a Lei No 11.794, de 8 de outubro de 2008,
a Instrucdo Normativa do Conselho Nacional de Experimentacio Animal (CONCEA) e as
Diretrizes Brasileiras para o Cuidado e Uso de Animais para Fins Cientificos ¢ de Ensino
(DBCA).

O experimento foi desenvolvido com os animais apresentando cerca de 45 a 60 dias de
idade. Os animais foram acondicionados em rack ventilado (estante) com microisoladores
individuais de policarbonato transparente, medindo 20x23x30 cm (Figura 1). Confeccionado
em ago inoxidavel AISI 304 e policarbonato, sem portas, com inje¢ao direta de ar nos
microisoladores através de valvulas de ago inoxidavel que possuem fechamento automatico. O
equipamento possui ductos para retirada de odores e sistemas independentes de insuflamento e
exaustdao de ar, proporcionando assim baixo indice de infec¢des, eliminando odores
provenientes de excre¢des como urina e fezes, e diminuindo o volume de ruidos que possam
estressar 0s animais, assim proporcionando uma melhor qualidade de bem-estar ao animal,
aumentando a qualidade da pesquisa e do padrdo sanitario e diminuindo ainda o estresse

causado ao animal que ainda sera submetido a procedimentos.
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Figura 1 — Fase de aclimatagdao e acondicionamento dos animais em microisoladores

individuais

Fonte: Proprio autor.

Os animais foram mantidos, durante todo o experimento, em sala climatizada com
condicdes ambientais controladas de temperatura, ciclo claro/escuro e umidade, com uso de
exaustores e ares-condicionados, respeitando o ciclo didrio dos roedores, ou seja, 12 horas/dia
e 12 horas/noite. Eles foram alimentados com dieta comercial balanceada de CR-1
Nuvital/Nuvilab®, especifico para a espécie, e acesso a agua ad libitum.

O grupo controle (G1) recebeu dieta comercial balanceada de CR-1 Nuvital/Nuvilab®,
especifico para a espécie, durante todo o periodo experimental. O grupo experimental (G2)
recebeu a mesma dieta do grupo controle durante os procedimentos de indugdo isquémica da
doenga renal. Apds o 14° dia da cirurgia da indug¢@o de modelo renal, os animais do grupo G2
foram induzidos a diabetes e receberam dieta Rhoster hiperlipidica por 7 dias para auxiliar no
processo de inducao do DM e apos este periodo voltaram a receber dieta padrao até o final do
experimento. Onde a dieta balanceou-se a partir da dieta AIN 93-M modificada com
aproximadamente 35% de banha de porco, 5% sacarose e celulose microcristalina 0,5%, todos
os ingredientes foram misturados em bateria industrial, fracionados em cerca de 500g e
armazenados a tempera de -20°C até o uso do mesmo. Todos os animais tiveram acesso a agua

ad libitum (BORBA et al., 2011).
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O estudo foi feito com base em procedimentos prévios realizados anteriormente no
laboratorio, adaptados e ajustados por meio de estudos atuais visando um estudo inovador, que
buscasse caracterizar um duplo modelo animal (BAREKAT et al., 2018; BAZZANO et al.,
2015; TOGOE et al., 2014).

O experimento durou 35 dias, sendo que os camundongos ficaram em aclimatagao por
1 semana (7 dias), durante este periodo receberam dieta padrdo CR-1 Nuvital/Nuvilab e agua
ad libitum. Apos a fase de aclimatacdo, foram distribuidos aleatoriamente em dois grupos com
n =32 cada.

Todos os animais foram pesados durante o periodo experimental. Assim como tiveram

a mensuragdo semanal dos niveis séricos de glicose sanguinea em monitor digital glicémico.

4.3 Delineamento

Os animais foram distribuidos de forma randomizada em dois grupos: Grupo 1 (G1),
controle sem doenga, n =32, e Grupo 2 (G2), com doenga diabetes mellitus associada a doenga
renal, n =32, como mostra a figura 2. Todos os animais foram mantidos em rack ventilado com
microisoladores individuais, em sala climatizada com condi¢des ambientais controladas e ciclo

12 h claro/escuro.

Figura 2 — Distribui¢do randomizada dos animais em grupos.
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Fonte: Proprio autor.

O grupo G2 foi composto pelos animais que apresentaram, doencga renal e diabetes. Os
animais que ndo apresentaram quadro hiperglicémico, ou seja, niveis glicémicos iguais ou
superiores a 200 miligramas por decilitro (mg/dL) sem jejum, foram excluidos do grupo

(ALAWNEH et al., 2021).

4.3.1 Distribuicdo dos Grupos

A distribui¢do dos grupos e esquema do periodo experimental respeitou a organizacao

e randomizagdo aleatdria, como representado na figura 3.

Figura 3 — Fluxograma experimental da distribuicdo dos animais para inducao da diabetes

tipo 1 por estreptozotocina (STZ) e doenca renal.
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Fonte: Proprio autor.

4.4 Procedimentos

4.4.1 Cirurgia e inducio isquémica da doenca renal

Os animais foram acondicionados e mantidos previamente em microisoladores
individuais, para serem preparados para a realizacdo do procedimento cirargico para indugdo

do modelo renal.
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O protocolo cirargico de modelo de doenga renal por isquemia e reperfusao
arteriovenosa, foi realizado sob técnica asséptica, conforme protocolo de Bazzano et al. (2015);
Togoe et al. (2014) e Togoe et al. (2019). Os animais foram retirados da microisoladora
contidos e colocados na mesa cirtirgica. Como método de contencdo e protocolo anestésico, foi
utilizada uma combinagdo de anestésicos de cetamina a 10% via intraperitoneal (50-100 mg/kg)
e xilazina (1-5 mg/kg), pelo qual os animais foram anestesiados.

A seguir, os animais foram submetidos & laparotomia do flanco esquerdo, com
exposi¢ado da cavidade abdominal, para acesso ao rim esquerdo e isolamento do pediculo renal
(PR). Apos isolamento do PR, a artéria e veia renais foram pingadas com pinga atraumatica
isolada por um tubo de latex, visando minimizar os possiveis danos a camada adventicia, por
10 minutos e, nesse periodo, a isquemia foi confirmada visualmente por mudancga de coloragao
do 6rgdo, passando de um vermelho de tom mais vivo para um vermelho de tom mais escuro.
Apos a liberagdo da pinga, ocorreu reperfusao renal, confirmada visualmente pelo retorno da
coloragao inicial e natural do 6rgao (Figura 4). Apos verificagdo da homeostase renal, o rim foi
reposicionado e a incisdo foi fechada em planos com fio mononylon 4-0. Ao término do
procedimento de I/R, todos os animais receberam analgesia e foram monitorados até sua
recuperagdo total. Posteriormente, retornaram para os microisoladores individuais,

permanecendo em monitoramento por 14 dias.

Figura 4 — Fotografia mostrando os diferentes momentos da indug¢do do modelo renal.

.\
:
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Legenda: (a) apresenta o 6rgdo com coloragdo normal; (b) traz a mudanga de coloragdo durante a

\

4
c.

realizagdo da isquemia e, (c) mostra o rim em processo de reperfusdo. Fonte: Proprio autor.

O acompanhamento dos animais submetidos a cirurgia de I/R, foi realizado através da
tira-teste de analise urindria de 10 parametros Uri-Color Check Wama Diagnoéstica, para
detec¢do das alteragdes renais de forma semiquantitativa (Figura 5). Para tanto o animal foi

contido manualmente, retirado da microisoladora individual e posicionado na bancada,
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aguardou-se a miccao espontanea e gotas de urina foram depositadas na tira-teste. Os dados
coletados foram analisados do seguinte modo: uma analise unica de 10 animais de ambos o0s
grupos no 14° dia apos a realizagdo do procedimento cirurgico, afim de confirmar o
estabelecimento do modelo renal. Os dados do grupo G1 foram utilizados como parametro
comparativo e de normalidade para o presente estudo, enquanto os achados do grupo G2, foram
utilizados como meio de confirmagdo do sucesso do modelo renal de I/R, como descrito

anteriormente na literatura (BAZZANO et al.,2015; TOGOE et al., 2014; TOGOE et al., 2019).

Figura 5 — Teste para urina de 10 parametros Uri-Color Check.

Fonte: Proprio autor.

4.4.2 Inducdo do diabetes nos animais submetidos a cirurgia de inducdo isquémica da doenca

renal

Apo0s 14 dias da cirurgia para indugdo da doencga renal, os animais do grupo G2 foram
submetidos a jejum alimentar por 12 horas, com fornecimento de agua ad [libitum, para
preparacao da inducao do protocolo de DM.

Para indugdo do DM, foi administrada inje¢do via i.p. em dose alta Uinica de 150 mg/kg
de estreptozotocina (STZ, Sigma®, St. Louis), diluida em tampao citrato 0,1 M (pH 4.,5), ap6s
12 horas de jejum alimentar, devido & maior suscetibilidade dos animais a droga diabetogénica
nestas condi¢des. Animais do G1 receberam inje¢do unica de tampao citrato 0,1 M (pH 4,5), a
fim de submeté-los a0 mesmo procedimento. Apds o procedimento, os animais foram
acondicionados novamente na rack estante ventilada. Decorrido 2 horas do periodo de indugao,

0s animais entdo receberam oferta ad libitum de solucao aquosa de glicose (10%), por 24 horas,
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e dieta Rhoster hiperlipidica, por 7 dias. Transcorrido este periodo e apds confirmagdo do
quadro hiperglicémico, voltaram a dieta padrdo com oferta ad libitum de ragdo e agua.

O monitoramento dos niveis glicémicos para confirmagdo do quadro diabético foi
realizado mediante afericao da glicemia em quatro tempos: tempo 0 (TO) — antes da indugao;
tempo 1 (T1)—apds 7 dias do periodo de indugao; tempo 2 (T2) no 14° dia pds indugdo e tempo
3 (T3) — 21° dia pés indugdo, ao fim do experimento. Os animais que apresentaram valores
glicémicos superiores ou iguais a 200 miligramas por decilitro de sangue (mg/dL) foram
considerados diabéticos e incluidos no experimento. Sdo considerados valores glicémicos
normais para animais saudaveis sem comorbidades, de 80 a 150 mg/dL em jejum (KLUEH et
al., 2006; PEREIRA et al., 2018).

Os niveis glicémicos foram analisados durante o experimento por monitor digital de
glicemia Accu-Check® Active, por meio da punc¢do da cauda e perfuragdo da veia caudal com
agulha hipodérmica, e deposito de uma gota de sangue na tira reagente do monitor de glicemia,

causando o minimo de estresse e dor ao animal.

4.5 Eutanasia

Ao final de um periodo de 35 dias do experimento, a eutanasia dos animais foi realizada
mediante dose letal da associagdo de anestésicos, Xilazina (20mg/kg) e Cetamina (20mg/kg),

administrados via intraperitoneal.

4.6 Analise Estatistica

Todos os dados foram tabulados e expressos como média + desvio padrao (DP). Apods a
caracterizacao das variaveis da funcao renal, a partir da analise urinaria, procedeu-se o estudo
descritivo dos achados encontrados, além de verificagdo das possiveis relagdes entre as
variaveis. Desta forma foi realizada uma analise semiquantitativa dos dados obtidos a partir da
analise urinaria, tendo seus valores expressos em média = DP. Para tanto, foi selecionada uma
amostra estratificada de cada grupo com n = 10, onde para os parametros analisados que
apresentaram normalidade, subentendido na andlise bioclinica como negativos, foi atribuido
valor numérico igual a 0.

As variaveis peso corporal e niveis glicémicos foram testados estatisticamente por meio
da analise de variancia one way, utilizando-se ANOVA, com pds testes de Tukey, intergrupos

em todos os tempos estudados e Teste T de Student, intragrupos avaliando os dados estatisticos
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comparativamente nos tempos TO e T3, tendo como nivel de significancia determinado em p <

0.05, usando o programa BioEstat 5.3.
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S RESULTADOS

O modelo animal de associagdo de duas doengas, DM e DR, em camundongos Mus
musculus, foi alcangado com sucesso, sendo o primeiro estudo nesta linha.

Os protocolos de indugao isquémica de doengas renal e DM com STZ, associados, foram
sustentaveis, de baixo custo € ndo houve morte de nenhum animal.

Foram observadas alteragdes morfoldgicas dos rins submetidos a I/R, no que diz respeito
a coloragdo, durante a cirurgia e apds o final do tempo de observacao, no volume e tamanho do
rim esquerdo, quando comparado ao rim contralateral.

Estas alteragdes sdo compativeis com alteragdes renais iniciais, nos primeiros 14 dias.
A detecgdo das alteragdes renais foi realizada, por meio das tiras-teste de andlise urinaria,
determinacdo semiquantitativa, de 10 parametros Uri-Color Check Wama® Diagnostica.
Notou-se alteracdo no pH, densidade, urobilinogénio e glicose urindria, assim como presenga
de proteina e leucocito, nos animais do grupo G2, confirmando a nefropatia. Enquanto os
animais do controle (G1) apresentaram pardmetros de normalidade durante a andlise, como

expresso na tabela 1 e figura 6.

Tabela 1 — Valores dos parametros de andlise urinaria pela fita expressos em média + DP,

analisados intergrupo e intragrupo em uma amostra de 10 animais.

Analise Urinaria G1 G2
Urobilinogénio 0.1+0.0 1.5+£0.5
Glicose 0.0+£0.0 60.0+49.0
Corpos Cetonicos 0.0+£0.0* 0.0+0.0*
Bilirrubina 0.0+0.0* 0.0+£0.0*
Proteina 0.0+£0.0 52.0+39.9
Nitrito 0.0+0.0* 0.0+0.0*
pH 5.0+0.0 6.2+0.2
Sangue/Hemoglobina 0.0+0.0* 0.0+£0.0*
Densidade 1000.0+0.0 1020.5+4.2
Leucdcitos 0.0+£0.0 1.6+0.5

(*) dentro da normalidade.
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Figura 6 — Representacdo da Andlise Urinaria. Grafico comparativo entre

grupos em uma amostra de 10 animais. Valores expressos em média = DP.
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A condi¢do de DM foi confirmada pela presenca de hiperglicemia apds o 7° dia de

inducdo do protocolo. Os resultados dos niveis glicémicos semanais de acordo com o tempo de

analise e os grupos G1 e G2 estdo apresentados na Tabela 2. Onde o Tempo 1, apds 7 dias da

indugdo; Tempo 2, no 14° dia pos indugdo e, Tempo 3, no 21° dia p6s indugao.

Tabela 2 — Niveis glicémicos semanais. Valores expressos em média + DP.

Grupos Tempo 0 Tempo 1 Tempo 2 Tempo 3 Teste t
G1 121.1+£159  132.5£16.1 145.3+17.9 150.3£16.8 0.0001*
G2 139.7£16.0  237.8+17.4 314.7+26.7 371.7£25.8 0.0001*
ANOVA  0.0004* 0.0001* 0.0001* 0.0001*

Tukey 0.01%* 0.01%* 0.01%* 0.01%*

(*) estatisticamente significativo. Pela analise de ANOVA com pos-teste de Tukey na analise
intergrupos considerando nivel de significancia de p < 0.05, o grupo G2 apresentou valores
estatisticamente maiores comparados ao grupo Gl. O teste t foi utilizado para analisar
comparativamente intragrupos no TO e T3, tendo como valor de significancia p < 0.05, onde G1
apresentou aumento significativo dos niveis glicémicos em T3, ainda mantendo-se dentro da
normalidade, enquanto G2 mostrou valores significativamente maiores em T3, confirmando quadro

de DM.

Apos 7 dias do protocolo de inducdao de DM nos animais, em 24 dos 32 animais

induzidos, houve aumento dos niveis glicémicos caracterizando a doenga. Houve diferenca
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significativa entre grupos e intragrupo quando comparados nos momentos avaliados, com nivel

de significancia de p < 0,05, conforme figura 7.

Figura 7 — Representagdo dos niveis glicémicos semanais (mg/dL). Grafico
comparativo entre grupos em quatro tempos (TO, T1, T2 e T3). Valores
expressos em média = DP.
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Tempo 1, ap6s 7 dias da induggo; Tempo 2, no 14° dia pds indugdo e, Tempo 3, no 21° dia

p6s indugdo.

Durante o experimento, os animais tiveram seu peso corporal aferido em quatro
momentos. Os animais do G1 apresentaram maior peso corporal médio ao longo do
experimento quando comparado ao G2, com significancia de p < 0,05. Houve diferenca
significativa nos tempos 1, 2 e 3. Esses dados foram expressos como média e desvio padrao,

conforme mostrado na Tabela 3 e figura 8.

Tabela 3 — Peso Corporal. Valores expressos em média = DP.

Grupos Tempo0 Tempol Tempo2 Tempo3  Testt

G1 259+1.8  27.5+1.3 28914  29.7£1.0  0.0001*
G2 26.1£1.8  24.9+1.1 27.3+1.7  273+1.4  0.0086*
ANOVA  0.6922" 0.0001* 0.0013* 0.0001*

Tukey *x 0.01* 0.01%* 0.01%*

(*) estatisticamente significativo (**) estatisticamente ndo significativo. Pela analise de

ANOVA com poés-teste de Tukey na analise intergrupos considerando nivel de significancia
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de p <0.05, o grupo G1 apresentou valores estatisticamente maiores comparados ao grupo G2,
nos tempo 1, 2 e 3. O teste t foi utilizado para analisar comparativamente intragrupos no TO e
T3, tendo como valor de significancia p < 0.05, onde G1 apresentou ganho de peso corporal
significativo em T3, enquanto G2 mostrou valores significativamente maiores comparados TO

e T3, no entanto médias menores comparadas ao grupo saudavel, confirmando quadro de DM.

A figura 8, apresenta o peso corporal dos grupos G1 e G2 nos quatro momentos
analisados. Onde o Tempo 0, representa o periodo antes do protocolo de indugdo; Tempo 1,
apods 7 dias da indugdo; Tempo 2, no 14° dia pds inducdo e, Tempo 3, no 21° dia pos indugao.
E possivel observar valores significativamente menores de peso corpéreo no grupo G2 quando

comparado ao grupo G1, nos tempos 1, 2 e 3.

Figura 8 — Peso corporal (g). Grafico comparativo entre grupos em quatro

tempos (TO, T1, T2 e T3). Valores expressos em média + DP.
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6 DISCUSSAO

Os procedimentos de indugdo do diabetes e doenca renal, ja haviam sido realizados no
LMED-UFMS, porém em espécies e condi¢des experimentais diferentes, considerando e
analisando os modelos de doenga de forma isolada. O modelo animal de associagao de duas
doencas, DM e DR, em camundongos Mus musculus, foi alcancado com sucesso, sendo o
primeiro estudo nesta linha. A escolha destes animais se deu devido a viabilidade de produgao
e as caracteristicas fisioldgicas destes que sdo extremamente semelhantes as condigdes
humanas.

Estes modelos de doenga animal, induzidos neste experimento em camundongos,
concomitantemente apresentaram todos os resultados de caracterizagdo semelhantes aos
modelos ja demonstrados em ratos (diabetes e doenga renal), assim como em coelhos com
doenga renal (BAZZANO et al., 2015; PAIVA et al., 2017; TOGOE et al., 2014; TOGOE et
al., 2019). Os modelos animais permitem desenhos experimentais controlados a fim de avaliar
sistematicamente as variaveis estudadas (GLASTRAS et al., 2016).

O primeiro estudo relacionando diabetes e doencga renal data de 2003, onde estudou-se
o quadro em ratos db/db obesos. Os estudos apontam que os camundongos sao mais
susceptiveis aos efeitos toxicos da estreptozotocina e que este modelo animal se assemelha e
permite a recapitulacdo de forma confidvel das alteragdes morfoldgicas do quadro de nefropatia
diabética humana (ALPERS; HUDKINS, 2011; SHARMA; DUNN, 2003).

Nao houve nenhuma morte no momento de indugao isquémica da doenga renal. Para a
inducao da diabetes, aos animais deste grupo foi adicionado o sistema de alimentagcdo com ragao
hiperlipidica, com intuito de evitar os riscos de reversdo do quadro hiperglicémico e assim
corroborar com o quadro evolutivo da doenga, pois, conforme Bazzano et al. (2015), a doenca
renal por isquemia e reperfusdao ¢ evolutiva e ao 14° dia de pds-operatédrio, ja apresenta
parametros importantes de cronicidade.

Ao término do experimento, quanto ao modelo renal estabelecido, foi realizado uma
analise macroscopica dos rins submetidos a I/R, observando-se alteracdes significativas em
relagdo ao aspecto morfoldgico, volume e tamanho do rim esquerdo quando comparado ao rim
contralateral, confirmando assim a DRC. A mudanga da coloracdo do 6rgdo, durante o
procedimento de I/R, também foi observada no momento da cirurgia, assim como descrito na
literatura (BAZZANO et al., 2015).

Em estudo de Barekat et al. (2018), no qual realizaram modelo de doenga renal por I/R

em ratos, utilizaram em seu modelo cirargico o pingamento dos vasos renais durante 45
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minutos. Apos, a pinga foi removida para restabelecimento do fluxo sanguineo renal.
Procedimento cirargico este semelhante ao desenvolvido neste estudo, com tempo e classe de
animais diferentes, cujo qual apresentou resultados compativeis e caracteristicos ao modelo de
doenca renal. A lesdo renal por I/R resulta da deficiéncia de oxigénio e liberagdo de nutrientes
na remocao de residuos. Gerando uma incompatibilidade entre a demanda e oferta de oxigénio,
em conjunto, ao acumulo de substincias inflamatdrias, provenientes do metabolismo,
decorrentes da perturbacdo da homeostase. Isso ocorre devido a sensibilidade renal a isquemia,
visto que a microvasculatura renal demanda de grande energia, em sua auséncia a
vasoconstricao vascular, eleva os niveis dos mediadores quimicos da inflamacao (endotelina-1,
angiotensina II, tromboxano A2 e leucotrienos) e de citocinas vasoativas (fator de necrose
tumoral-a, interleucina e endotelina). Clinicamente, estas alteragdes agravam-se no periodo de
reperfusdo com o consumo aumentado de oxigénio (TOGOE, 2014).

Na analise semiquantitativa, de deteccdo das alteragdes renais, por meio das tiras-teste
de andlise urinaria, de 10 parametros, o grupo G2, apresentou parametros caracteristicos de
nefropatia, sendo observadas alteragdes no pH, densidade, urobilinogénio e glicose urinaria,
proteina e leucocito, os quais mostraram-se dentro da normalidade quando analisados no grupo
G1. Estes achados condizentes ao quadro de nefropatia decorrente de lesao por I/R. De acordo
com a literatura, a creatinina vem sendo utilizada como indice de funcdo renal, uma vez que
independe de demais fatores, tornando-se um teste de triagem renal confidvel (TOGOE, 2014).

A administragdo em dose unica de inje¢do de STZ (150 mg/kg, via i.p.), apds jejum de
12 horas, seguida de dieta Rhoster hiperlipidica, durante 7 dias, e solucao aquosa de glicose
(10%) por 24 horas, permitiu reproduzir o modelo de DM, apo6s 7 dias da inducdo nos animais,
em 24 dos 32 animais induzidos. Houve diferenca significativa entre os grupos e intergrupos
quando comparado nos tempos avaliados. Este achado corrobora com os resultados obtidos por
He et al. (2019), onde ap6s administracao de inje¢do i.p. de STZ na dose tnica de 120 mg/kg,
17 dos 20 animais que passaram pelo procedimento apresentaram aumento dos niveis
glicémicos, sendo considerados adequados para o experimento. Em estudo experimental
Sudirman et al. (2019), utilizaram alta dose de STZ (150 mg/kg de peso corporal, dose unica)
para inducdo de DMI1 seguida de 12 horas de oferta de solucdo aquosa de glicose (10%) ad
libitum, obtiveram sucesso visto que dos 18 animais que receberam a inje¢do i.p. todos
apresentaram hiperglicemia de jejum e aumento dos niveis séricos de glicose.

Ja Tang et al. (2019), em seu estudo comparativo da desordem renal em pacientes

humanos e animais, para indu¢do do modelo experimental de diabetes associado a doenga renal,
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utilizou a dose de 150 mg/kg de STZ em camundongos fémeas, injetado em duas doses por via
L.p.

Para este estudo, foi escolhida a administragdo de dose unica de estreptozotocina para
indugdo de Diabetes, a fim de minimizar o estresse do procedimento para os animais, visto que
doses intermediarias a altas foram comprovadas, em estudos anteriores, eficazes para indugao
do modelo diabético, uma vez que afetam as células beta das ilhotas pancreaticas (SUN et al.,
2019). Apos a conclusdo do experimento, foi realizada eutanasia dos animais.

Iniumeros estudos tém apontado o efeito citotoxico da STZ sobre as células beta
pancreaticas, o que justifica a sua aplicagdo e eficacia na indu¢do de modelos animais
diabéticos. Neste estudo, foi conduzido o modelo diabético animal, em dose Unica a fim de
evitar a necrose rapida das células betas das ilhotas pancredticas a curto prazo, como
apresentado no estudo de Sun et al. (2019). Em contrapartida, no estudo de Glastras et al.
(2016), administrando alta dose de STZ associada a dieta hiperlipidica, ndo demonstrou
resultados superiores quando comparados a administracdo isolada de STZ. Evidenciando assim
que a administracdo de STZ em dose alta Unica ¢ uma das estratégias mais eficazes para a
inducdo de DM em modelo experimental de camundongos.

Durante o experimento, 0os animais tiveram seu peso corporal mensurado em quatro
momentos. Notou-se que o Gl apresentou médias de peso corporal maiores durante todo o
experimento quando comparado ao G2. No TO ndo houve diferenca estatisticamente
significativa entre os grupos (G1 25.9+1.8 e G2 26.1+1.8). Porém nos tempos 1, 2 e 3 houve
diferenca significativa entre os grupos, onde o G1 apresentou médias de peso corporal maiores
quando comparado ao G2, com nivel de significancia de p < 0.05. Estes dados corroboram com
os achados clinicos caracteristicos da patologia, ja descritos na literatura. Uma vez que, o DM
¢ compreendido como uma sindrome metabolica cronica dos carboidratos, lipidios e proteinas,
devido a resposta secretoria defeituosa ou insuficiente do horménio insulina, que resulta em
hiperglicemia, hipoinsulinemia, cetoacidose, polidipsia, politria, polifagia e perda de peso.
Logo a redugdo de peso corporal e a permanéncia do quadro hiperglicémico caracterizaram
adequadamente o quadro de DM1 (CARVALHO et al., 2016; GLASTRAS et al., 2016).

E reconhecido, que o DM pode acarretar inimeras complica¢des, desde retardo no
processo de reparacao tecidual decorrente de alteracdes bioquimicas, assim como
cardiomiopatias, encefalopatias, neuropatias e nefropatia (CARVALHO et al., 2016;
VALENCIA; FLOREZ, 2017).

Atualmente, o Diabetes, reconhecido como doenca socioecondmica, ¢ considerado uma

das principais causas para o aparecimento da DR em paises desenvolvidos. A ND ¢ a maior
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causa para o surgimento da DR no mundo, a qual pode levar a 6bito. Na ND, a disfun¢ao renal
acompanhada de perda de néfrons esta associada a inflamacao, acimulo de MEC e apoptose de
células tubulares, assim como ¢ observado nos modelos de lesdo nefrotoxica e de I/R (BRAGA
et al.,2016; BURMEISTER et al., 2012; KIM et al., 2021; VALENCIA; FLOREZ, 2017).

A hiperglicemia provoca diversas alteragdes metabodlicas. A ativacdo da proteina C
quinase aumenta a producdo das ERO, devido a superproducdo de 6xido nitrico na cadeia
mitocondrial, gerando o estresse oxidativo. Este processo origina entdo, uma resposta
inflamatoéria, diante do aumento de radicais livres, que repercutem em lesdao isquémica, uma
vez que ha reducao das defesas antioxidantes (DENADALI et al., 2015; ROCHA et al., 2016).

Este experimento veio de encontro a necessidade de modelos de doenca bem
estabelecidos, com baixo custo e possibilidade de utilizagdo de poucos animais durante a
indugdo. Sendo assim, o modelo de doenca renal cronica, induzido cirurgicamente, por
isquemia e reperfusdo, permite que os animais se mantenham vivos e em condi¢des de
receberem os protocolos de indugdo da diabetes por STZ, uma vez que a nefropatia ¢ uma das
principais complicagdes do quadro de DM. Portanto, este modelo, permitird a ampliagdo de
novos estudos a respeito das complicacdes destas patologias.

Por tratar-se do primeiro estudo de duplo modelo de doenga DM e DR associados, ¢
diante da escassez de estudos a respeito da temadtica, torna-se necessario estudos adicionais para

estabelecer a degeneracdo da fungdo renal com a duragdo do diabetes.
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CONCLUSOES

O periodo de 10 minutos de isquemia renal seguido de reperfusdo alterou
significativamente os aspectos macroscopicos, sendo eles tamanho, volume e morfologia renal
e, assim como bioquimicos, indicando doenga renal.

A administra¢do de dose tnica de estreptozotocina (150 mg/kg, STZ, i.p.) provocou a
elevagdo dos niveis glicémicos de forma irreversivel dos animais e durante todo o periodo
observado, compativel com quadro de DM.

Todos os camundongos permaneceram vivos, com sinais clinicos das doengas
experimentalmente induzidas durante 35 dias.

Este estudo permitiu concluir que € possivel manter um duplo modelo experimental de
doenca renal e diabetes para demais estudos e experimentos, por periodo suficiente de

avaliagdo.
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Figure 1 — Distribution and experimental induction of kidney

disease and type 1 diabetes by streptozotocin (STZ).

Figure 2 — Photograph showing the different moments of induction of the renal
model. Where (a) presents the organ with normal coloration; (b) shows the color

change during ischemia and (c) shows the kidney in the process of reperfusion.
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Table 1 — Values of urine analysis parameters by the tape
expressed as mean = SD, analyzed intergroup and intragroup

in a sample of 10 animals.

Urine analysis G1 G2
Urobilinogen 0.1.0.0 1.5+£0.5
Glucose 0.0+£0.0 60.0+49.0
Ketone bodies 0.0+0.0* 0.0+0.0*
Bilirubin 0.0+0.0* 0.0+0.0*
Protein 0.0+£0.0 52.0£39.9
Nitrite 0.0+0.0* 0.0+0.0*
pH 0.0+0.0 6.2+0.2
Blood/Hemoglobin 0.0+0.0* 0.0+0.0*
Density 1000.0+0.0 1020.5+4.2
Leukocytes 0.0+£0.0 1.6+0.5

G1: Healthy group. G2: DM + KD group. Semi-quantitative data on
urinary analysis parameters in a randomized sample of 10 animals.

* normality parameters identified in the samples.

Table 2 — Weekly glycemic levels. Values expressed as mean + SD.

Groups TO T1 T2 T3 t Test
G1 121.1+£15.9  132.5+16.1  1453£17.9 150.3+16.8 0.0001*
G2 139.7+16.0 237.8+17.4  314.7£26.7 371.7425.8 0.0001*
ANOVA  0.0004* 0.0001* 0.0001* 0.0001*

Tukey 0.01* 0.01* 0.01* 0.01%*

Results are presented as mean £ SD of mean. Comparisons in relation to times: One-way repeated
measures ANOVA, with Tukey's post-test. The numbers expressed in the columns represent the
differences in the glycemia of the animals at different times. Comparisons between diabetic and
non-diabetic animals at different times: Student's t test. Statistical differences are indicated by *,

p<0.05.
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Table 3 — Weekly Body Weight. Values expressed as mean + SD.

Groups TO T1 T2 T3 t Test
G1 25.9+1.8 27.5¢1.3 28.9+1.4 29.7£1.0 0.0001*
G2 26.1+1.8 24.9+1.1 27.3+1.7 273414 0.0086*
ANOVA 0.6922ns 0.0001*  0.0013*  0.0001*

Tukey ns 0.01* 0.01* 0.01*

Results are presented as mean + SD of mean. Comparisons in relation to times: One-
way repeated measures ANOVA, with Tukey's post-test. The numbers expressed in
the columns represent the differences in the body weight between diabetic and non-
diabetic animals at different times: Student's t test. Statistical differences are indicated

by *, p<0.05. Values no statistical differences are indicates by ns (no significant).
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ABSTRACT

PURPOSE: Diabetes Mellitus (DM) is a lipoprotein metabolic disorder, characterized by
hyperglycemia, resulting from an insufficient or deficient secretory response of the
hormone insulin, which is also one of the main causes of Kidney Disease (KD). The aim
of this study was to present an experimental model of diabetes mellitus and associated
kidney disease in mice. METHODS: Sixty-four adult female mice (Mus musculus) were
used, average weigh of 20 g, induced to renal ischemia/reperfusion and, subsequently,
DM (150 mg/kg, STZ, i.p.) distributed: G1, control (n=32) and G2, disease (n=32).
Afterwards, metabolic changes arising from disease models were analyzed. RESULTS:
Morphological changes were observed in kidneys submitted to R/I, regarding the coloring
during surgery, volume and size of the left kidney, when compared to the contralateral
kidney. The increase in glycemic levels was observed after administration of a single dose
of STZ (150 mg/kg, i.p.) confirming a hyperglycemic state, with blood glucose values
starting at 200 mg/dl. The diabetic model was established through the injection of STZ,
associated with the free supply of a high-fat Rhoster diet, for 7 days, and aqueous glucose
solution (10%), for 24 hours. CONCLUSION: Due to the morphological alterations, it
was possible to evidence the presence of kidney disease, through the hyperglycemic
condition, the confirmation of type I diabetes by streptozotocin. The induction of a dual
model of experimental disease, association of kidney disease and diabetes, made it

possible to perform injury and healing models, providing a basis for future studies.

Keywords: Diabetes mellitus, chronic kidney disease, streptozotocin, ischemic injury

and renal reperfusion.

INTRODUCTION

Diabetes Mellitus (DM) is a chronic metabolic disorder of carbohydrates, lipids
and proteins, due to defective or insufficient secretory response of the hormone insulin,
which results in hyperglycemia, hypoinsulinemia, ketoacidosis, polydipsia, polyuria,
polyphagia and weight loss 1.

DM also causes complications such as microvascular changes, cardiomyopathy,
encephalopathy, retinopathy, neuropathy and nephropathy. Diabetic retinopathy leads to
visual problems, risk of falls and blindness, in the latter cases. Diabetic peripheral

neuropathy causes orthostatic hypotension, dysautonomia, ulcers and amputations,

https://mc04.manuscriptcentral.com/acb-scielo
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mainly of the lower limbs. In underdeveloped countries, diabetic nephropathy, largely
glomerular disease, is recognized as one of the main causes for the onset and evolution
of chronic kidney disease (CKD). In turn, CKD has been shown to be one of the major
causes of morbimortality in diabetic patients 12345,

High blood glucose levels promote several metabolic changes. The activation of
protein C kinase is one of them, which consequently leads to the production of nitric
oxide, promoting oxidative stress, increasing the formation of free radicals and reactive
oxygen species (ROS), resulting in ischemic tissue injury ¢7-8.9,

It is believed that among the main disorders resulting from the pathological
condition of individuals affected by DM and CKD, there is peripheral neuropathy, which
has become the focus of the rehabilitation of health professionals. Thus, this study aimed
to determine a dual experimental model of animal disease associating the dysfunctions of

Type I Diabetes and Kidney Disease.

METHODS

Procedures:

This study was approved by the Ethics Committee on the Use of Animals (CEUA)
of the Federal University of Mato Grosso do Sul (Protocol CEUA/UFMS No.
1.065/2019).

The experiment was carried out at the Laboratory of Animal Models of Disease
of the Faculty of Medicine (FAMED) of the Federal University of Mato Grosso do Sul
(UFMS).

Sixty-four adult female mice (Mus musculus) of the Swiss strain, weighing
approximately 20g and mean age of 50 days, from the Central Animal House of UFMS
were used.

The experiment lasted 35 days. The mice were acclimatized for 7 days, receiving
a standard CR-1 Nuvital/Nuvilab diet and water ad libitum. After acclimatization, they
were randomly assigned to two groups (n = 32). The period of establishment of the renal
model was 14 days and after another 14 days the type I diabetes model was established.

The animals were randomly divided into two groups: Group 1 (G1), control
without disease, n = 32, and Group 2 (G2), with diabetes mellitus associated with kidney
disease, n = 32, as shown in figure 1. All the animals were kept in a ventilated rack with
individual microisolators, in an acclimatized room with controlled environmental

conditions and a 12 h light/dark cycle.

https://mc04.manuscriptcentral.com/acb-scielo
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The control group received a commercial balanced diet of CR-1
Nuvital/Nuvilab®, specific for the species. The experimental group received the same
food as the control group during the ischemic induction of kidney disease procedures.
After 7 days of surgery, they received a high-fat diet Rhoster for diabetes induction. All
animals had access to water ad libitum.

All animals were submitted to weight control weekly during the experimental
period, analysis of urine using a colorimetric tape and measurement of blood glucose by

digital monitor.

Surgery and ischemic induction of kidney disease:

The surgical protocol was performed under aseptic conditions, according to the
protocol of Bazzano et al.!! Animals were anesthetized with intraperitoneal 10% ketamine
(50-100 mg/kg) and xylazine (1-5 mg/kg). Then, the animals underwent laparotomy of
the left flank to access the left kidney and isolation of the pedicle. The renal artery and
vein were clamped with atraumatic forceps isolated by a latex tube for 10 minutes and,
during this period, ischemia was visually confirmed by a change in the color of the organ.
After releasing the forceps, renal reperfusion occurred, visually confirmed by the return
of the initial and natural color of the organ. The kidney was repositioned and the incision
was closed in planes with 4-0 mononylon. All animals received analgesia and were
monitored for 14 days. The monitored of the animals after the renal ischemia and
reperfusion surgery was performed using a 10-parameter Uri-Color Check Wama
Diagnostic test strip for semiquantitative detection of renal alterations. All animals
underwent urine analysis on the 14th day after the surgical procedure. The data from the
control group (G1) were used as a comparative and normality parameter for the present
study, while the findings from the G2 group were used as a means of confirming the
success of the renal model of ischemia and reperfusion, as already described in previous

studies in the same laboratory 11-13:14,

Induction of diabetes in animals submitted to renal ischemia and reperfusion:

Fourteen days after surgery to induce kidney disease, the animals in the G2 group
were fasted for 12 hours, with water ad libitum.

For the induction of diabetes, an intraperitoneal (i.p.) injection was administered
in a single dose of 150 mg/kg of streptozotocin (STZ, Sigma®, St. Louis), diluted in 0.1

M citrate buffer (pH 4.5). Control animals received a single injection of 0.1 M citrate
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buffer (pH 4.5) in order to submit them to the same procedure. After 2 hours of the
induction period, the animals were then offered ad libitum an aqueous solution of glucose
(10%) for 24 hours, and a high-fat diet Rhoster for 7 days. After the period and after
confirmation of the hyperglycemic condition, they returned to the standard diet with ad
libitum supply of food and water.

The monitoring of blood glucose levels to confirm the diabetic condition was
performed by measuring blood glucose at four times: time 0 (T0) — before induction; time
1 (T1) — after 7 days of the induction period; time 2 (T2) — on the 14th day post induction
and time 3 (T3) — on the 21st day post induction, at the end of the experiment. Animals
that presented glycemic values > 200 milligrams per deciliter (mg/dl) of blood were
considered diabetic and included in the experiment.

Blood glucose levels were analyzed during the experiment using an Accu-Check®
Active digital blood glucose monitor, by puncturing the tail and perforating the caudal
vein and with a drop of blood on the test strip, causing minimal stress and pain to the

animal.

Euthanasia:
At the end of a period of 35 days, the animals were euthanized using a lethal dose
of the association of Xylazine (20 mg/kg) and Ketamine (20 mg/kg) administered

intraperitoneally.

Statistical analysis:

All data were tabulated and expressed as mean =+ standard deviation (S.D.). The
variables body weight and glycemic levels were statistically tested by means of one-way
analysis of variance, using ANOVA, with Tukey post test and Student's t-test, with the
significance level set at p < 0.05, using the BioEstat program 5.3. Urinary analysis was

semiquantitative, with values expressed as mean + SD.
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Figure 1 — Distribution and experimental induction of kidney disease

and type 1 diabetes by streptozotocin (STZ).

RESULTS

At the end of the experiment, a macroscopic analysis of the kidneys submitted to
R/I was performed, observing changes in relation to the morphological aspect, volume
and size of the left kidney when compared to the contralateral kidney, thus confirming
the CKD. The change in organ color during the procedure was also observed at the time

of surgery, as can be seen in Figure 2.

Figure 2 — Photograph showing the different moments of induction of the renal
model. Where (a) presents the organ with normal coloration; (b) shows the color

change during ischemia and (c) shows the kidney in the process of reperfusion.

For the detection of renal alterations, the semiquantitative determination of 10 Uri-
Color Check Wama Diagnostica parameters was performed using the urine analysis test

strips. Changes were observed in pH, density, urobilinogen and urinary glucose, as well
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as the presence of protein and leukocytes in G2 animals, confirming nephropathy. While

the animals in the control group (G1) showed normal parameters during the analysis, as

CONOUVID WN =

shown in table 1 and figure 3.

Table 1 — Values of urine analysis parameters by the tape
expressed as mean = SD, analyzed intergroup and intragroup

in a sample of 10 animals.

Urine analysis G1 G2
Urobilinogen 0.1.4£0.0 1.5+£0.5
Glucose 0.0+£0.0 60.0+49.0
Ketone bodies 0.0+0.0* 0.0+0.0*
Bilirubin 0.0+0.0* 0.0+0.0*
Protein 0.0+0.0 52.0+£39.9
Nitrite 0.0+0.0* 0.0+0.0*
pH 0.0+£0.0 6.2+0.2
Blood/Hemoglobin 0.0+0.0* 0.0+0.0*
Density 1000.0+0.0 1020.5+4.2
Leukocytes 0.0+0.0 1.6+0.5

G1: Healthy group. G2: DM + KD group. Semi-quantitative data on
urinary analysis parameters in a randomized sample of 10 animals.

* normality parameters identified in the samples.
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Figure 3 — Urinary Analysis. Comparative graph between
groups in a sample of 10 animals. Values expressed as mean

+ SD.
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The results of weekly glycemic levels according to the time of analysis and groups G1
and G2 are shown in Table 1 and Figure 4. After 7 days of the DM induction protocol in
the animals, in 24 of the 32 induced animals, there was an increase in glycemic levels
characterizing the disease. There was a significant difference between groups and
intergroups when compared at the times evaluated, with a significance level of p < 0.05,

as shown in Table 2 and Figure 4.

Table 2 — Weekly glycemic levels. Values expressed as mean + SD.

Groups TO T1 T2 T3 t Test
G1 121.1+15.9  132.5¢16.1  145.3£17.9 150.3+16.8 0.0001%*
G2 139.7+£16.0  237.8+17.4  314.7£26.7 371.7425.8 0.0001*
ANOVA  0.0004* 0.0001* 0.0001* 0.0001*

Tukey 0.01%* 0.01%* 0.01%* 0.01%*

Results are presented as mean + SD of mean. Comparisons in relation to times: One-way repeated
measures ANOVA, with Tukey's post-test. The numbers expressed in the columns represent the
differences in the glycemia of the animals at different times. Comparisons between diabetic and
non-diabetic animals at different times: Student's t test. Statistical differences are indicated by *,

p<0.05.
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Figure 4 — Weekly glycemic levels (mg/dl). Comparative
graph between groups at four times (TO0, T1, T2 and T3).

Values expressed as mean + SD.
During the experiment, the animals had their body weight measured weekly. It

was noted that G1 presented higher average body weight throughout the experiment when

compared to G2. At TO, there was no statistically significant difference between the
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groups (Gl 25.9£1.8 and G2 26.1+1.8). However, at times 1, 2 and 3 there was a
significant difference between the groups, where G1 presented higher average body
weight when compared to G2, with a significance level of p < 0.05. These data were

expressed as mean and standard deviation as shown in Table 3 and figure 5.

Table 3 — Weekly Body Weight. Values expressed as mean + SD.

Groups TO T1 T2 T3 t Test
Gl 25.9+1.8 27.5+1.3 28.9+1.4 29.7£1.0 0.0001*
G2 26.1£1.8 24.9+1.1 27.3+1.7 27314 0.0086*
ANOVA 0.6922ns  0.0001*  0.0013*  0.0001*

Tukey ns 0.01* 0.01* 0.01*

Results are presented as mean + SD of mean. Comparisons in relation to times: One-
way repeated measures ANOVA, with Tukey's post-test. The numbers expressed in
the columns represent the differences in the body weight between diabetic and non-
diabetic animals at different times: Student's t test. Statistical differences are indicated

by *, p<0.05. Values no statistical differences are indicates by ns (no significant).
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25,0
240 249
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Figure 5 — Weekly body weight (grams - g).
Comparative graph between groups at four times (TO,
T1, T2 and T3). Values expressed as mean + SD.
DISCUSSION
The procedures for inducing diabetes and kidney disease had already been

performed at the LMED-UFMS, but in different species and experimental conditions,

considering and analyzing the disease models in isolation.

https://mc04.manuscriptcentral.com/acb-scielo

61



Page 15 of 19

CONOUVID WN =

Acta Cirargica Brasileira

The animal disease models induced in this experiment in mice concomitantly
presented all characterization results similar to the models already demonstrated in rats
(diabetes and kidney disease), as well as in rabbits with kidney disease!!-1213.14, The first
study relating diabetes and kidney disease dates from 2003, where the condition was
studied in obese db/db rats !5, Studies show that mice are more susceptible to the toxic
effects of streptozotocin and that this animal model resembles and allows the reliably
recapitulation of the morphological changes of human diabetic nephropathy 3 13,

There were no deaths at the time of ischemic induction of renal disease. For the
induction of diabetes, the animals in this group were fed a high-fat diet, in order to avoid
the risk of reversing the hyperglycemic condition and thus corroborating the evolution of
the disease, since, according to Bazzano et al.'l, renal disease due to ischemia and
reperfusion is progressive and, on the 14th, postoperative day, it already presents
important parameters of chronicity.

At the end of the experiment, regarding the established renal model, a macroscopic
analysis of the kidneys submitted to R/I was performed, observing significant changes in
relation to the morphological aspect, volume and size of the left kidney when compared
to the contralateral kidney, thus confirming the CKD. The change in organ color during
the R/I procedure was also observed at the time of surgery, as can be seen in Figure 2, as
described in the literature by Bazzano et al. !!

The administration of a single dose of STZ injection (150 mg/kg, i.p.), after fasting
for 12 hours, followed by a high-fat diet Rhoster, for 7 days, and aqueous glucose solution
(10%) for 24 hours, allowed to reproduce the DM model, after 7 days of induction in the
animals, in 24 of the 32 induced animals. There was a significant difference between
groups and intergroups when compared in the evaluated times, as shown in Table 2 and
figure 4. This finding corroborates the results obtained by He et al.', where after
administration of i.p. of STZ in a single dose of 120 mg/kg, 17 of the 20 animals that
underwent the procedure showed increased glycemic levels, being considered suitable for
the experiment. In an experimental study Sudirman et al.'?, used a high dose of STZ (150
mg/kg of body weight, single dose) for the induction of type 1 DM followed by 12 hours
of offering an aqueous solution of glucose (10%) ad libitum, they were successful since
of the 18 animals that received the i.p injection all had fasting hyperglycemia and
increased serum glucose levels. Tang et al.'®, in their comparative study of renal disorders

in human and animal patients, for induction of the experimental model of diabetes
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associated with renal disease, used a dose of 150 mg/kg of STZ in female mice, injected
in two doses per via i.p.

For this study, the administration of a single dose of streptozotocin for induction
of Diabetes was chosen in order to minimize the stress of the procedure for the animals.
It is justified, since intermediate to high doses have been proven, in previous studies, to
be effective for inducing the diabetic model, since they affect the beta cells of the
pancreatic islets'. After the conclusion of the experiment, the animals were euthanized.

Numerous studies have pointed out the cytotoxic effect of STZ on pancreatic beta
cells, which justifies its application and effectiveness in inducing diabetic animal models.
In this study, a single-dose diabetic animal model was carried out in order to avoid rapid
necrosis of the beta cells of the pancreatic islets in the short term, as presented in the study
by Sun et al.’®

DM is a chronic metabolic syndrome of carbohydrates, lipids and proteins, due to
defective or insufficient secretory response of the hormone insulin, which results in
hyperglycemia, hypoinsulinemia, ketoacidosis, polydipsia, polyuria, polyphagia and
weight loss!. During the experiment, the animals had their body weight measured weekly.
It was noted that G1 had a statistically significant higher mean body weight throughout
the experiment when compared to G2, with a significance level of p <0.05. These changes
are reported as likely to cause numerous complications, from delay in the tissue repair
process resulting from biochemical changes, as well as cardiomyopathies,
encephalopathies, neuropathies and nephropathy 3.

Currently, Diabetes, recognized as a socioeconomic disease, is considered one of
the main causes for the onset of kidney disease (KD) in developed countries. Diabetic
nephropathy is the major cause of KD in the world, which can lead to death3429,

Hyperglycemia causes several metabolic changes. Activation of protein C kinase
increases the production of ROS, due to the overproduction of nitric oxide in the
mitochondrial chain, generating oxidative stress. This process then gives rise to an
inflammatory response, in view of the increase in free radicals, which results in ischemic
injury, since there is a reduction in antioxidant defenses 7.8 9.

This experiment meets the need for well-established disease models, with low cost
and the possibility of using few animals during induction. Thus, the model of chronic
kidney disease, surgically induced by ischemia and reperfusion, allows the animals to

remain alive and able to receive the STZ diabetes induction protocols, since nephropathy
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is one of the main complications of the disease DM frame. Therefore, this model will

allow the expansion of new studies regarding the complications of these pathologies.

CONCLUSION

The 10-minute period of renal ischemia, followed by reperfusion, significantly altered the
macroscopic aspects, such as size, volume and renal morphology, as well as biochemical
aspects indicating renal disease.

The administration of a single dose of streptozotocin (150 mg/kg, STZ, i.p.) caused an
irreversible increase in the glycemic levels of the animals and during the entire period
observed, compatible with DM.

All mice remained alive, with clinical signs of the experimentally induced diseases for 35
days.

This study allowed us to conclude that it is possible to maintain a dual experimental model
of kidney disease and diabetes for other studies and experiments for a sufficient
evaluation period.

Additional studies are needed to establish the degeneration of renal function with the

duration of diabetes.
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ABSTRACT

Purpose: To evaluate and describe the effect of electrophysical resources laser therapy (LLLT), intravascular laser blood irradiation
(ILIB), and cryotherapy on the healing process of neurotendinous injury, as well as possible systemic changes, in the experimental
model of type 1 diabetes associated with kidney injury. Methods: The animals were randomized into four groups: G1) healthy control
with untreated injury; G2) healthy control with injury and treatment; G3) disease control with untreated lesion; G4) disease with injury
and treatment. Furthermore, the treated groups were divided into three, according to the type of treatment. All animals were induced to
neurotendinous injury and treated according to the therapeutic protocols. Healing and inflammation were analyzed by semiquantitative
histopathological study. Results: It was observed in sick animals treated with cryotherapy and ILIB reduction of inflammatory exudate,
presence of fibroblasts and organization of collagen, when compared to the effects of LLLT. Moreover, there was reduction in glycemic
levels in the group treated with ILIB. Conclusions: Cryotherapy promoted reduction in inflammatory exudate and organization of
collagen fibers, in addition to the absence of signs of tissue necrosis, in the groups treated with and without the disease. ILIB therapy
showed the same findings associated with significant reduction in glycemic levels in the group of diseased animals. The application of
LLLT showed increased inflammatory exudate, low organization of collagen fibers and low sign of tissue degeneration and necrosis.
This study in a model of associated diseases (diabetes and kidney disease) whose effects of electrophysical resources studied after
neurotendinous injury allows us to verify histopathological variables suggestive of patients with the same comorbidities.

Key words: Renal Insufficiency, Chronic. Low-Level Light Therapy. Cryotherapy. Diabetes Mellitus.

Introduction

Diabetes mellitus (DM), a socioeconomic disease, understood as a chronic metabolic syndrome, results from defective or
insufficient secretory response of the hormone insulin, resulting in hyperglycemia'. This can lead to numerous complications,
from delayed tissue repair due to biochemical changes, as well as cardiomyopathies, encephalopathies, neuropathies and
nephropathies'. These complications affect function and quality of life, resulting in disability and reduced productivity?.
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Effect of electrophysical resources on healing of neurotendinous injury in an experimental model of type I diabetes and
kidney disease

Microvascular complications occur in all types of diabetes, which in turn corroborate to the emergence of the main
complications that affect diabetic patients. Retinopathy stands out, which causes visual problems, increased incidence of falls
and blindness; nephropathy, which in turn causes severe chronic kidney disease, leading to renal replacement therapy and even

death; and peripheral neuropathy, which causes orthostatic hypotension, dysautonomia, foot ulcers, and limb amputations?.

High blood glucose levels promote activation of protein C kinase, which leads to the production of nitric oxide, promoting
oxidative stress, increasing the synthesis of free radicals, which result in ischemic injury and delay in the healing process®*.

Among the complications arising from the pathological condition, diabetic peripheral neuropathy is a disorder commonly
rehabilitated by physical therapists, using physical and phototherapeutic resources, effective in controlling painful process,
inflammations, edema, tissue regeneration and repair, revascularization, nutrition, and tissue oxygenation*®.

The therapeutic approach through low-cost physical resources, such as laser therapy, intravascular laser irradiation of
blood therapy (ILIB), and cryotherapy, has shown effective results in tissue repair and minimization of tissue damage’.

To generate biological effects when reaching the tissues, the laser light must be absorbed by the target tissue. LLLT in
healthy tissues is able to produce reactive oxygen species (ROS). However, when applied under conditions of oxidative
stress, there is reduction in ROS synthesis®.

On the other hand, ILIB therapy, in addition to the expected effects of laser therapy, modulates the signaling of reactive enzymes
in the respiratory chain, through mitochondrial components, inducing positive effects on the expression of immunoglobulins,
interferons and interleukins, being able to promote an increase in the supply of oxygen to the tissues, ceasing tissue hypoxia,
normalizing metabolism, and improving the oxidation of energy transport molecules, glucose and pyruvate, due to the greater
production of adenosine triphosphate. Recent studies have pointed out its use in several systemic conditions®”.

There are data in the literature that prove the power to weaken and delay the infiltration of inflammatory cells after the
application of cryotherapy, which can be explained by the vasoconstriction induced by cold, promoting reduction in cell
permeability and lymphatic vessels and capillaries, which, in turn, reduces leakage of liquid into the interstitium'®.

Itis believed that the electrophysical resources used in the physiotherapeutic rehabilitation of patients only promote local
effects, not being able to interfere with the systemic metabolism of individuals affected by DM and chronic kidney disease.

Therefore, the aim of the present study was to evaluate the effect of electrophysical resources (laser therapy, ILIB and
cryotherapy) on tissue healing and possible local and systemic metabolic changes, in an experimental model of diabetes-
associated kidney disease, mimicking a diabetic nephropathy.

Methods

The present study is experimental research using animals. It was approved by the Ethics Committee on the Use of Animals
(CEUA) of the Universidade Federal do Mato Grosso do Sul (UFMS), Protocol no. 1.065/2019.

The experiment was conducted at the Laboratory of Experimental Models of Disease of the Faculty of Medicine (FAMED)
of the UFMS.

Sixty-four adult female mice (Mus musculus) of the Swiss strain were used, weighing approximately 20 g, with an average
age of 50 days old.

The animals were accommodated in a ventilated rack with individual transparent polycarbonate microisolators, with direct
air injection. During the entire experiment, the animals were kept in an acclimatized room with controlled environmental
conditions of temperature, 12-hour light/dark cycle and humidity.

After the establishment of the disease models, they were fed a standard balanced commercial diet specific for the species
and access to water ad libitum.

The experiment lasted 35 days. The animals were adapted to the environment for seven days before starting the animal
disease model protocols.

2 Acta Cir Bras. 2022;37(02):€370402
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Experimental design

The animals were randomized into four groups:

Group 1 (G1): healthy control with untreated injury (n = 8);

Group 2 (G2): healthy control with injury and treatment, subdivided into three subgroups, L (low-level laser therapy
treatment), n = 8, I (intravascular laser irradiation of blood treatment), n = 8, and C (cryotherapy treatment), n = 8;
Group 3 (G3): disease control with untreated lesion (n = 6);

Group 4 (G4): disease with injury and treatment, subdivided into three subgroups, L (low-level laser therapy treatment),
n = 6, I (intravascular laser irradiation of blood treatment), n = 6, and C (cryotherapy treatment), n = 6 (Fig. 1).

Groups G3 and G4 were composed of animals induced to the model of kidney disease associated with diabetes. Animals
that did not present hyperglycemia (> 200 mg/dL) were excluded from the groups.

Mice Old
64 animals Dékp
. Beginning of
Eclufled. Experiment
» Non Diabetes
Diabetes+Renal s n=32 Acclimatization 7 days
Control Group e .
. Phase
group
n=32
n=32 . 14 days
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Glucose 21 days
@il G2 @3 ea Monitoring
(Healthy COmFOI W ith (Healthy Control With (Disease Conu:ol .wuh (Disease With STZ - Induced
Untreated Injuries) L Untreated Injuries) b ¢ 21 d:
n=8 Treatment Injuries) n=6 Treatment Injuries) Type I Diabetes ays
(150mg/kg)
M \ /l \ Glucose 28 days
L 1 c L 1 c Monitoring
(Laser therapy) (ILIB) (Cryotherapy) (Laser therapy) (ILIB) (Cryotherapy) .
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Gll_Jcos:e days*
Monitoring
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Euthanasia
ILIB: intravascular laser blood irradiation; KD: kidney disease; STZ: streptozotocin.
Figure 1 - Flowchart of the distribution of animals in groups and protocols. The flowchart shows the random division
of animals into groups: G1 (healthy control with untreated injury); G2 (healthy control with injury and treatment),
subdivided into subgroups L (low-level laser therapy treatment), I (intravascular laser irradiation of blood treatment),
and C (cryotherapy treatment); G3 (disease control with untreated lesion); G4 (disease with injury and treatment),
subdivided into subgroups L (low-level laser therapy treatment), I (intravascular laser irradiation of blood treatment),
and C (cryotherapy treatment). While the timeline illustrates the phases of the experiment: acclimatization period (seven
days), kidney disease induction (14 days), glucose monitoring (21 days), induction of the streptozotocin type I diabetes
protocol (21 days), glucose monitoring (28 days), neurotendinous injury protocol (29 days), five days of consecutive
treatment, and glucose monitoring and glucose monitoring, before euthanasia (35 days).

Procedures

Diabetes-associated kidney disease

The diabetes-associated kidney disease model was performed according to experiments previously performed at the
Laboratory of Experimental Models of Disease of the UFMS, as described ahead:
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Renal ischemia and reperfusion, by aseptic surgery'''%

Kidney damage was monitored for 14 days, using urine dipstick tests, in which renal damage was verified by the
parameters pH, density, urobilinogen, and urinary glucose, as well as the presence of proteinuria and leukocytes.
Renal damage was monitored for 14 days, using a urine reagent strip, by semiquantitative determination of 10
parameters by chemical reaction, in which the kidney was selected by the parameters pH, density, urobilinogen, and
urinary glucose, in addition to the presence of proteinuria and leukocytes;

After 14 days of surgery for induction of kidney disease, the animals comprising the diseased groups were injected
intraperitoneally (i.p.) in a single high dose of 150 mg/kg of streptozotocin for induction of diabetes;

After 2 hours of induction, they began to receive a high-fat Rhoster diet for seven days, with water replaced by
aqueous glucose solution (10%) for 24 hours. After this period, they returned to the standard diet of food and water
ad libitum;

Blood glucose levels were analyzed during the experiment using a digital glucose monitor, and the animals that showed
results >200 mg/dL were also considered diabetics;

All animals underwent neurotendinous injury.

Tibial nerve and common calcaneal tendon injury

The neurotendinous injury protocol was performed on the seventh day after the induction and confirmation of the
hyperglycemic condition in the animals;

The animals were submitted to inhalational anesthesia with isoflurane (3-5%), and then manual restraint was performed,
holding the skin of the dorsocervical region between the index and thumb fingers and fixing the tail between the little
finger of the hand;

Under inhalation anesthesia with isoflurane (3-5%) and manual restraint, the structures (common calcaneal
tendon and tibial nerve) of the left hind limb (LHL) were compressed with a curved Kocher hemostat for
15 seconds (Fig. 2);

The glycemic levels were checked: before the induction of the DM protocol by streptozotocin; seven days after
disease induction and after DM induction and confirmation; after neurotendinous injury and the beginning of the
therapeutic protocol; on the fifth and the last day of treatment, to confirm if the animals remained diabetic; the last
glycemic measurement was performed before euthanasia to determine whether or not there was a reversal of the
diabetic condition.

At the end of the procedure, they were returned to their individual microisolators. After 24 hours of the traumatic
injury, the animals were randomly redistributed between the groups and prepared for the beginning of the

therapeutic protocols.

(a) (b)

Figure 2 - Compression of local left hind limb structures (tibial nerve and common calcaneal tendon).
(a) Containment. (b) Local region compressed by the forceps.
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Irradiation with low-intensity laser therapy

The animals in Groups 2 and 4 of subgroup L were submitted to a protocol of low-intensity, infrared laser therapy
irradiation, through direct punctual application in the injured area in the LHL, at the frequency of one application
daily for five consecutive days (Fig. 3). The therapeutic laser equipment used for the procedure was branded DMC
Therapy EC.

(a) (b)

Figure 3 - Irradiation with low intensity laser therapy. (a) Parameter of energy and application. (b) - Direct
punctual application. Parameters: 808 nm, continuous, 30 seconds, 100 mW, 3 J/cm?, 3 J, 1 cm? area.

Intravascular laser irradiation of blood

The animals in Groups 2 and 4 of subgroup I were submitted to a protocol of intravascular blood irradiation with red
laser, by means of direct punctual application in the region of the femoral artery of the limb contralateral to the lesion, at
the frequency of one application daily, for five consecutive days, for a week (Fig. 4). The therapeutic laser equipment used
for the procedure was branded DMC Therapy EC.

(a) (b)

Figure 4 - Intravascular blood irradiation with laser. (a) Therapeutic laser equipment. (b) Direct punctual
application in the femoral artery. Parameters: 660 nm, continuous, 360 seconds, 100 mW, 36 J/cm?, 36 J, 1 cm? area.

Cryotherapy by immersion

The animals of Groups 2 and 4 of subgroup C were submitted to a protocol of cryotherapy by immersion, at the frequency
of one application daily for five days, in a period of one week. The animal had its injured limb immersed in a container with

water and ice, at an average temperature of 8-10°C for 1 minute (Fig. 5).
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(a) (b)

Figure 5 - Immersion cryotherapy. (a) Average temperature 8-10°C. (b) Animal submitted to the
cryotherapy protocol.

Sample collection and processing

At the end of the experiment, the animals were euthanized with a lethal dose of anesthetic via i.p., ketamine (20 mg/kg)
and xylazine (20 mg/kg).

Portions of the tendon and nerve were collected. The piece containing the tendon and nerve was sent for histopathology,
fixed in 10% formalin, and later processed for cutting at 5 um and stained with hematoxylin and eosin (HE).

Statistical analysis

All data were tabulated and expressed as mean + standard deviation (SD). After characterizing the variables, based
on the histopathological study, a descriptive study of the findings was carried out, in addition to verifying the possible
relationships between the variables. Thus, a semiquantitative analysis of the data obtained in the histopathological analysis
was performed, based on the images captured from the values were assigned for the analysis according to the frequency of
characteristic cells of the inflammatory and healing process. Thus, it was considered:

Very: 5;

Frequent: 4;

Regular: 3;

Low: 2;

Absent: 1.

The variables of glycemic levels and semiquantitative analysis of the sections of the anatomopathological pieces were
statistically tested by means of one-way analysis of variance, with Tukey’s post-test and Students t-test, with significance
level determined at p < 0.05, using the program BioEstat 5.3.

Results

The animal model of kidney disease associated with diabetes in Mus musculus mice allowed the study and comparative
analysis of the effect of the application of different electrophysical resources in acute conditions in the face of tissue injury.
The glycemic data evaluated over the experimental period allowed us to observe that there were statistically significant
differences in the groups at the analyzed moments. There were no statistically significant differences in glycemic levels
between the healthy groups (G1, G2C, G2L, and G2 I). Groups G3, G4C, G4L and G4I had statistically significant means
higher than groups G1, G2C, G2L, and G2I, at moments M1, M2 and M3, with a significance level of p < 0.05. The G4I
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(247.0£6.9) showed a statistically significant reduction in glycemic levels at the end of the therapeutic protocol when
compared to the other groups G3 (353.3%9.1), G4C (361.3+15.9) and G4L (336.8+15.9). These data are presented in Table 1.

Table 1 - Weekly glycemic levels. Values expressed as mean + SD*.

Groups Mo M1 M2 M3 T Test
Gl 117.5%18.0 123.6%16.7a 118.4£13.0a 134.4£20.5a 0.0424ns
G2C 113.5%17.2 126.0£21.0 118.3£14.9 130.6+14.5 0.0560ns
G2L 108.6%12.1 116.8+15.8 133.1£25.6 127.8+14.1 0.0007*
G2I 111.9£11.0 125.5%13.7 124.5+13.3 135.4£12.5 0.0055*
G3 120.048.1 229.7+4.6 296.7%5.3 353.319.1 0.0001*
G4C 131.0£20.1 221.8%10.6¢ 283.5%11.1¢c 361.3£15.9¢ 0.0001*
G4L 133.0+19.7 226.8+5.7d 258.5+13.2d 336.8£15.9d 0.0001*
G4l 115.2+11.8 265.8+15.6b 333.2+16.4b 247.0+6.9b 00001*

ANOVA 0.049ns 0.0001* 0.0001* 0.0001*

SD: standard deviation; ANOVA: analysis of variance; “results are presented as mean + SD of mean. Comparisons overtime: one-way repeated measures ANOVA,
with Tukey’s post-test. The letters expressed in the columns represent the differences in the glycemia of the animals at different times. Comparison between groups: a)
statistically significant difference between G1 and G3; b) statistically significant difference between G3 and G4I; ¢) statistically significant difference between G4C and
G4 d) statistically significant difference between G4L and G41. Comparisons between diabetic and non-diabetic animals at different times: Student’s t-test. Statistical
differences are indicated by *, p<0.05; ns: values without statistical differences (no significant).

In Fig. 6, it was observed that G2C (Fig. 6a) and G1 (Fig. 6b) presented better morphological analysis, with absence of inflammatory
cells, focal areas of degeneration and a certain organization of collagen fibrils. The other groups, G2L (Fig. 6¢) and G2I (Fig. 6d),
showed mononuclear inflammatory infiltrate (predominantly activated macrophages) in almost all animals, a certain intensity
of degeneration and nuclei of active fibroblasts in the peritendinous region. In none of the groups areas of necrosis observed.

(a) (b)

Figure 6 - (a) (G2C): Photomicrograph of a tendinous segment showing the presence of fibroblasts (arrows) in dense modeled

connective tissue. (b) (G1): Tendon segment also showing fibroblast nuclei (arrows), dense connective tissue sheath (star)

and areas of degeneration (asterisks). () (G2L) and (d) (G2I): Tendon segments showing area of mononuclear inflammatory
infiltrate (star) and fibroblast nuclei (arrows). 40x magnification, hematoxylin and eosin staining.

Intensity of macrophages, infiltrate, reactive lymphoid tissue, fibroblasts, fibrosis, focal degeneration, and collagen
organization were observed, with a significant difference between groups G1, G2C, G2L and G2I in all variables when

compared with each other, with a significance level of p < 0.05 (Fig. 7).
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Figure 7 - Comparisons between groups: analysis of variance of one-way repeated measures, with Tukey’s post-test.
Representation of the semiquantitative analysis of the sections of the anatomopathological parts of the groups (G1, G2C,
G2L and G2I). G2C presented better statistically significant results in relation to G1, G2L and G2, illustrated by the star
symbol. Results are presented as mean * standard deviation of mean.

In the descriptive qualitative histopathological analysis, it was possible to observe the patterns between the groups in
relation to the organization of collagen fibers, presence of cellular tissue, inflammatory infiltrate, and signs of degeneration.

Figure 8 presents the histopathological results of animals with comorbidities. It was observed that G4I (Fig. 8c)
presents a better morphological analysis, with a smaller number of inflammatory cells, present in focal areas, without
areas of degeneration and some reorganization of collagen fibrils. The other groups, G4C (Fig. 8a), G4L (Fig. 8b) and G3
(Fig. 8d), showed in almost all animals a mononuclear inflammatory infiltrate (predominantly activated macrophages),
in all histological sections, a certain intensity of degeneration, except in G4L, with active fibroblast nuclei, mainly in the
peritendinous region. No areas of necrosis were observed in any of the groups.

(a) (b)

(c) (d)

Figure 8 - (a) (G4C): Photomicrograph of a tendon segment showing the presence of fibroblasts (arrows) in dense

patterned connective tissue and an area of peritendinous inflammatory infiltrate (star). (b) (G4L): Tendon segment also

showing fibroblast nuclei (arrows) and area of peritendinous inflammatory infiltrate (star). (c) (G4I) Tendon segment

with lower intensity of inflammatory cells (star). (d) (G3): Tendon segments showing area of mononuclear inflammatory
infiltrate (star) and fibroblast nuclei (arrows). 40x magnification, hematoxylin and eosin coloring.
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Significantly different intensity of macrophages, infiltrate, reactive lymphoid tissue, fibroblasts, fibrosis, focal degeneration,
and collagen organization were observed between G3, G4C, G4L and G4, indicating the presence of an inflammatory
process and the beginning of the healing process after the injury. The G4I presented better statistically significant results
in relation to the variables studied when compared to G3, G4C and G4L, with a significance level of p < 0.05. G4L also
presented statistically significant better results when compared to G3 and G4C, when a lower intensity of reactive lymphoid
tissue, fibrosis and focal degeneration were observed, with a significance level of p < 0.05. Figure 9 presents a graphical
representation of these data.
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*Statistical difference, p<0.05.

Figure 9 - Comparisons between groups: analysis of variance of one-way repeated measures, with Tukey’s post-test.

Representation of the semiquantitative analysis of the sections of the anatomopathological parts of the groups (G3, G4C,

GA4L and G4I). G4I presented better statistically significant results in relation to G3, G4C and G4L, illustrated by the star
symbol. Results are presented as mean * standard deviation of mean.

m Discussion

The literature reports that the induction of the kidney disease model by ischemia and reperfusion, by compression of the
renal pedicle, causes local injury to the kidney, that suffers ischemia, and also to the contralateral kidney by the metabolic
responses of reperfusion''.

Considering that the comorbidity models chosen in this study are, by themselves and separately, highly debilitating for

the animals and of low survival, the association of the protocols in this study did not worsen the condition of life and/or
survival after the installation of the illnesses.

The feasibility of using mice is due to the feasibility of producing their biological characteristics, in addition to having
greater sensitivity to the use of streptozotocin. Previous studies allowed the effective induction of the kidney disease animal
model in other animal species of the rodent class'!"**.

Patterns between groups were observed and described in relation to the organization of collagen fibers, presence of
cellular tissue, inflammatory infiltrate, and signs of degeneration.

DM is a metabolic syndrome characterized, among other signs and symptoms, by hyperglycemia, in other words, high
serum glucose. This, in turn, causes microvascular changes that affect various organs and tissues, mainly induced diabetic
nephropathy, diabetic neuropathy, and diabetic retinopathy. The healing process of patients with DM is modified by several
factors, resulting from the hyperglycemic condition, among them the suppression of inflammatory responses, decrease in
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angiogenesis and growth factors, alteration in cell proliferation (keratinocytes, fibroblasts and endothelial cells), increased
cellular apoptosis and defects in collagen deposition. It is believed that the control of glycemic levels is essential to prevent
the emergence of these complications. Therefore, it is necessary that the appropriate treatment is carried out correctly and

as soon as possible'*!°.

During the normal tissue repair process, fibroblasts are stimulated to proliferate and migrate to the injury site in order
to synthesize collagen to restore tissue integrity'*. In this study, no significant differences were observed in glycemic levels
between the healthy groups with lesions (G1, G2C, G2L and G2I), after the application of electrophysical resources, which
suggests that the use of resources was not able to promote changes in the healthy organism at a systemic level.

The therapeutic protocol adopted for five consecutive days aimed to analyze the initial effects of the application of different
electrotherapeutic resources: immersion cryotherapy, LLLT and ILIB, in the tissue healing process in healthy organisms
and patients with kidney disease associated with DM. In the literature, there is still little described about the effects of the

application of these resources, in view of the conditions of these associated metabolic disorders'®'.

In this study, animals treated with LLLT showed similar results to animals in the control groups. G2L, of healthy
animals with neurotendinous injury, treated with LLLT (808 nm, 3J/cm? 30 s, five consecutive days), at the end of the
therapeutic protocol, presented mononuclear inflammatory infiltrate, with predominance of macrophages, small signs of
degeneration, active fibroblasts nuclei, mainly in the paratendinous region, with some disorganization of collagen fibrils.
These findings corroborate the study by Carvalho et al.}, in which the investigators observed, at the end of a period of
three days of consecutive treatment with LLLT (660 nm, 10 J/cm?), the presence of diffuse mononuclear inflammatory
exudate, of granulation with moderate amount of newly formed vessels and disorganized arrangement of fibroblasts
and collagen fibers. These results were also similar to G4L ones, a model of kidney disease and associated diabetes,
which received LLLT treatment following the same therapeutic parameters and protocols, and the presence of persistent
inflammatory infiltrate was also observed, with the presence of macrophages and minimal signs of degeneration, common
to the diabetic picture.

In a review study performed by Tomé et al.%, treatment in diabetic patients with ILIB therapy was efficient in reducing
serum glucose levels in patients with type 2 DM. The protocol adopted was the punctual application of red laser (630 nm)

for 30 minutes for 14 consecutive sessions, and the patients had their glycemic levels measured by digital monitoring.

The cryotherapy protocol by immersion (60 s, 8-10°C, five consecutive days) adopted presented statistically significant
results in the semiquantitative histopathological analysis when comparing G2C with G1, G2L and GI. The time chosen was
sufficient to cool the area according to the literary findings. These corroborate the study by Furtado et al.'’, who applied in
their study the protocol of immersion in cold water for five consecutive days, after a single session of exhaustive exercise,
with the temperature of 12°C, for 12 minutes, immersing the whole body. They also demonstrated that treatment with
immersion in cold water after a session of intense exercise was able to decrease the formation and damage of ROS and
increase cell viability, favoring a faster recovery of muscle tissue. When observing the disease model groups, there was no

significant difference in relation to the other treated and untreated groups.

The choice of ILIB therapy in the present study was based on its prevalent use in diabetic patients, as shown
in the review by Tomé et al.’. It was also observed that ILIB is capable of promoting reduction in the levels of pro-
inflammatory interleukin 1 and interleukin 6 and increase in the levels of anti-inflammatory interleukin 10. In this study,
we observed that, after the application of ILIB therapy, there was a statistically significant reduction in inflammatory
parameters of G4I when compared to the other groups, with significance of p<0.05. These results were compatible
with the histopathological semiquantitative analysis, in which the same group presented better results regarding
the tissue healing process, which enhances and contributes positively to the findings in the literature regarding the

benefits of this innovative therapy.

In DM, there is low level serum insulin and high levels of fatty acids. These are oxidized by the liver, producing
ketone bodies-acetone, acetoacetate and beta-hydroxybutyrate. This process reduces the production of arginine,
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responsible for the release of insulin, glucagon, adrenal catecholamines, prolactin and growth hormone, deregulating
endothelial cells and increasing pro-inflammatory cytokines. Therapy with ILIB has shown significant reduction in
arginase and epidermal growth factor receptor, reduction of neuroinflammation and secondary damage according
to the literature®.

The diversity and lack of alignment of parameters for the use of ILIB therapy make it difficult to standardize and recognize
the best modes of application for the different systemic comorbidities. However, despite the heterogeneity between the
parameters of use, studies have shown satisfactory results in the clinical condition of patients, with regard to the modulation
of inflammation and reduction of levels of pro-inflammatory cytokines, as revealed in the study by Tomé et al.®.

Recent studies revealed that the application of ILIB therapy in chronic pathological conditions, such as diabetes and
kidney injury, promoted beneficial effects in the clinical condition of these individuals, being associated with increased
oxygen availability, reduction of carbon dioxide pressure, tissue removal hypoxia, normalization of tissue metabolism, release
of cytokines, modulation of the production of growth factors, and development of new blood vessels’.

Razzaghi et al.%, in their study with patients with acute kidney injury, administered ILIB to patients (450 nm, 1.5 mW,
continuous, 30 min), through a local catheter, for three sessions on alternate days, obtaining reduction in the levels of
neutrophil gelatinase-associated lipocalin in urine and plasma, and normal serum creatinine levels, indicating improvement
in renal function.

This study suggests a beneficial effect of ILIB on the inflammatory and healing process of neurotendinous injury in a
diabetic and renal model. The limitation of this study is the lack of description of the effects of the ILIB, as well as the fact
that it is a device that does not allow changes in dosimetry. The other resources used are described in the literature, but, as an
option for treatment and rehabilitation in patients with such comorbidities, there is no longer any therapeutic justification's.

The strengths of the experimental research were the design of the dual animal model of disease and the non-surgical
protocol for neurotendinous injury, as well as the design of therapeutic protocols that allowed us to observe findings
indicative of better tissue recovery rates in the phase of acute after application of immersion cryotherapy and ILIB therapy,
when compared with application of LLLT.

The non-surgical protocol for neurotendinous injury, in a model of diseases commonly found as comorbidities for patients
recovery, as well as the design of therapeutic protocols from the daily clinic, allowed us to observe findings indicative of
better tissue recovery rates in its acute phase. The lesion phase after application of immersion cryotherapy and ILIB therapy,
when compared to the application of LLLT, are consistent with what is often observed in patients.

Both pathologies (DM + kidney disease) promote systemic metabolic changes, deficit in blood supply and reduction in
oxygen supply, which negatively interfere in the healing process and tissue repair. Based on this assumption, it is necessary
to carry out new studies at different times to verify the effects of resources in the long term.

Conclusions

Cryotherapy promoted reduction in inflammatory exudate and organization of collagen fibers, in addition to the absence
of signs of tissue necrosis, in the groups treated with and without the disease.

ILIB therapy showed reduction in inflammatory exudate and organization of collagen fibers, in addition to the absence
of signs of tissue necrosis in the group of sick animals. The animals in this group also showed significant reduction in
glycemic levels during treatment.

The application of LLLT showed increased inflammatory exudate, low organization of collagen fibers and low sign of
tissue degeneration and necrosis.

This study, in a model of associated diseases (DM and kidney disease) whose effects of electrophysical resources studied
after neurotendinous injury, allowed us to verify histopathological variables suggestive of patients with the same comorbidities.
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Body: 12-May-2022

Dear Ms. Silva:

It is a pleasure to accept your manuscript entitled "EFFECT OF ELECTROPHYSICAL RESOURCES ON HEALING OF
NEUROTENDINOUS INJURY IN AN EXPERIMENTAL MODEL OF TYPE-I DIABETES AND KIDNEY DISEASE" in its current
form for publication in the Acta Cirurgica Brasileira.

The comments of the reviewers who reviewed your manuscript are included at the foot of this letter and will be asked
by our publishing team.

Thank you for your fine contribution. On behalf of the Editors of the Acta Cirurgica Brasileira, we look forward to your
continued contributions to the Journal.

Sincerely,

Prof. Edna Montero

Editor-in-Chief, Acta Cirdrgica Brasileira
actacirbras@gmail.com

Reviewer Comments:

The article has improved a lot. However, both the conclusion of the abstract and the conclusion of the text speak of
the model. The objective of the study was was to evaluate and describe the effect of electrophysical resources laser
therapy (LLLT), intravascular laser blood irradiation (ILIB) and cryotherapy on the healing process of neurotendinous
injury, as well as possible systemic changes, in the experimental model of type 1 diabetes associated with kidney
injury.

The objective was not to evaluate the model.

They could talk about it in the discussion.

Figure 2b is still of poor quality and figures 6 and 7 lack the legends for = and *

Date Sent: 12-May-2022
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