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RESUMO

PASQUALON, HelenPenha Gomes, M.Sc., Universidade FeddeaNicosa, agosto de
2020. Perfil oxidativo em cées submetidos a procedimentos cirargicos de esterilizacao
Orientadora: Silvia Almeida Cardoso. Coorientadoras: Andréa Pacheco Batista Borges
Patricia de Oliveira Salgado.

O ato cirurgico é um evento que resulta em inUmeras respostas organicas e esta retacionado
producédo de espécies reativas, que em desequilibrio com o sistema antioxidante contribui para
0 estresse oxidativo. Os efeitos deletérios do estresse oxidativo, resultantes do dano oxidativo,
podem comprometer funcdes sistémicas assim como a recuperacdo pos-cirargica. O estudo
objetiva avaliar o nivel dos marcadores de estresse oxidativo e do sistema enzimatico de defesa
antioxidante no soro de caninos, estabelecendo um perfil oxidativo no perioperatorio de
esterilizacdo. Apesquisdoi realizada com cées higidos de racas, idades e portes variados,
provenientes da rotina cirdrgica do Hospital Veterinario da Universidade Federal de
Vicosa/Minas Gerais. As técnicas cirargicas escolhidas para realiza¢éo da castracdo em machos
foi a orquiectomia e em fémeas a ovariohisterectomia. O experimento foi realizado apos a
aprovacdo do Comité de Etica em Pesquisa com Animais da Universidade Federal de Vicosa
(CEUA-UFV), protocolo n°15/2019 e autorizacdo dos tutores. Todos os caninos foram
submetidos a coletas sanguineas em momentos distintos, TO coleta realizada no demento
realizacdo dos exames pré-cirargicos, T1 coleta realizada no dia da cirurgia com o animal em
jejum pré-operatorio antes da tricotomia e cateterizacdo e T2 a coleta foi realizada 01 hora apés
0 procedimento cirdrgico. A partir do soro foram realizadas avaliagbes espectrofotométricas
para determinacdo da capacidade antioxidante total, atividade das enzimas Catalase (CAT),
superoxido dismutase (SOD) e Glutationa-S-transferase (GST) e quantificacdo dos marcadores
de dano proteinas carboniladas e produto de lipoperoxidagdefil oxidativo sérico dos caes
machos e fémeas, antes de qualquer interferéncia, apresentava-se em niveis sim#ares. Cae
machos apresentaram reducgdo significativa da atividade das enzimas CAT e GST apos a
finalizacdo do procedimento de castracdo em comparacéo ao tempo T1. Apenas a enzima GST
apresentou reducdo significativa da atividade, no grupo de caes fémeas ap0s o procedimento de
castracdo. Embora ndo tenha sido observado alteracdo no marcador MDA, resultante da
peroxidagdo lipidica, nos diferentes tempos avaliados, houve reducdo significativa da
carbonilacéo de proteinas em T1 e T2 no grupo de cées féosass achados demonstram

gue os procedimentos cirurgicos para esterilizacdo de caes machos e fémeas induzem alteracoe:

oxidativas. Apenas as fémeas apresentaram reducdo de carbonilacdo de proteinas,



demonstrando o impacto do procedimento cirdrgico no perfil oxidativo de fémeas durante a

castracao.

Palavras-chave: Ovariohisterectomia. Orquiectomia. Estresse Oxidativo. Castragéo.



ABSTRACT

PASQUALON, Helen Penha Gomes, M.Sc., Universidade Federal de Vigcosat,Augus
2020. Oxidative profile of dogs submitted to sterilization surgical proceduresAdvisor.

Silvia Almeida CardosdaCo-advisersAndréa Pacheco Batista Borges and Patricia de Oliveira
Salgado.

The surgical act is an event that results in numerous organic responses and is related to the
production of reactive species, which, in imbalance with the antioxidant system, contribute to
oxidative stress. The deleterious effects of oxidative stress, resulting from oxidatiagegam

may compromise systemic functions as well as postoperative recovery. The studyoobject t
evaluate the level of oxidative stress markers and the enzymatic system of antioxidant defense
in canine serum, establishing an oxidative profile in the perioperative sterilization. The research
was conducted with healthy dogs of varying breeds, ages and sizes, from the surgical routine of
the Veterinary Hospital of the Federal University of Vigosa/Minas Gerais. The surgical
techniques chosen to perform castration were orchiectomy in males and ovariohysterectomy in
females. The experiment was carried out after the approval of the Animal Research Ethics
Committee at the Federal University of Vigosa (CEUA-UFWY15/2019 protocol and
authorization of the owners. All canines were submitted to blood collections at differest ti

TO collection performed at pre-surgical examinations, T1 collection performed on the day of
the surgery with the animal fasting preoperatively before trichotomy and catheterization and
the T2 collection was performed 01 hour after the surgical procedure. From the serum,
spectrophotometric evaluations were performed to determine the total antioxidant power
activity of the enzymes Catalase (CAT), superoxide dismutase (SOD) and Glutathione-S-
transferase (GST) and quantification of the markers of damage carbonyl protein and lipid
peroxidation product. The serum oxidative profile of male and female dogs, before any
interference, was at similar levels. Male dogs showed a significant reductionaictithigy of

CAT and GST enzymes after the end of the castration procedure compared to the Ohlime.

the GST enzyme showed a significant reduction in activity in the group of female dogseafter
castration procedure. Although there was no alteration in the MDA marker, resulting ficom lipi
peroxidation, at the different times evaluated, there was a significant reduction in protein
carbonylation at T1 and T2 in the group of female dogs. Our findings demonstrate that surgical
procedures for sterilization of male and female dogs induce oxidative changes. Only females
showed reduction of protein carbonylation, demonstrating the impact of the surgical procedure
on the oxidative profile of females during castration.



Keywords: Ovariohysterectomy. Orchiectomy. Oxidative stress. Castration.
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1 APRESENTACAO

A presente dissertacao foi elaborada de acordo com as normas estabelecidas pela Proé-
Reitoria de Pesquisa e P6s-Graduacao da Universidade Federal de-\igogaO corpo do
trabalho compreende a introducéo geral, os objetivos, geral e especificos, a metodologia, um
artigo cientifico, uma producéo técnica e a conclusdo geral. O artigo original foi intitulado:
“Oxidative profile of dogs submitted to sterilization surgical procedures” foi formatado de
acordo com as normas da revista Preventive Veterinary Medicine (BaalidMedicinal),
para qual o artigo foi submetido (ANEXO A). A producdo técnica foi intitul&Hatresse

Oxidativo e sua relacio com a saude”, editado na forma de livreto.
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2 INTRODUCAO

2.1 Cirurgia e estresse cirurgico

Os procedimentos cirargicos fazem parte da rotina hospitalar, € um evento que resulta
nao apenas em lesdo tecidual localizada, mas em inimeras respostas sistémicas mediadas pel
estresse fisiologico resultante do trauma cirdrgico, caracterizando desta forma o estresse
cirargico (DESBOROUGH, 2000; STEVENS et al., 2019).

O estresse cirdrgico pode ocorrer antes, durante e ap0s os procedimentos operatorios,
proveniente do estresse psicoldgico, de lesdo tecidual, de alteracfes vasculares, de agentes
anestésicos ou mesmo de complicacbes pds-operatodrias. Qualquer evento que verda alterar
homeostase do organismo pode ser considerado um agente estressor capaz de desenvolve
reacoes intituladas de resposta de estresse. O estresse pode ser considerado como uma batalf
pela sobrevivéncia, através de um ajuste fisiolégico capaz de contrabalancar as condicbes
adversas do meio e restabelecer o equilibrio (STEVENS et al., 2019; NOGUEIRRZ@03).

LEE; KIM, 2014).

A manutencado do equilibrio homeostatico nos sistemas biolégicos é fundamental para
continuidade da vida, situacfes traumaticas desafiam este equilibrio. Quando ocorre uma
agressado ao organismo indepenidéeio agente causaddr iniciado um complexo conjunto de
respostas a partir da estimulacéo de varios sistemas, como o neural, enddcrino e imunolégico a
fim de se manter a homeostase. Essa resposta metabolica é originada por fatores mediados po
feridas ou infecgéo e tem continuidade pela liberacdo sistémica de hormoénios relacionados ao
estresse (FARIA NETO; MENDONCA FILHO, 2005., MEDEIROS; DANTAS FILHD17)

A resposta ao estresse cirlrgico envolve hormdnios, citocinas, alteracdes na funcéo
celular e efeitos significativos sobre a neurotransmissao; € um mecanismo importante, pois
evita danos secundarios, protegendo 06rgaos essenciais. Nas cirurgias, a perda sanguinea, dor
infeccdq e o jejum prolongado séo fatores que podem contribuir para agravar os eventos da
resposta organica. Maior morbidade, mortalidade e custos séo relatados quando a resposta ac
estresse é prolongada. Kehlet (1997) atribuiu o atraso da recuperacao dos pacientes a respost:
ao estresse cirdrgico que afeta adversamente a funcéo dos érgaos apds a cirurgia, assim comc
Desborough (2000) que relatou que a magnitude e a duracdo da resposta sdo proporcionais a
les&o cirdrgica e ao desenvolvimento de complicagbes como sepse (MEDEIROS; DANTAS
FILHO, 2017; SAKUNDECH et al., 2020).
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Sob condicdes fisiolégicas normais, existe um equilibrio entre citocinas pro-
inflamatorias e anti-inflamatorias, que pode ser facilmente desestruturado sob condicGes
adversas. A resposta ao trauma é dependente da sua intensidade, podendo ser observada apen
uma resposta inflamatéria localizada para dar inicio a cicatrizacdo, em contrapattidet
um processo inflamatorio generalizado. A inflamagéo e a formagéo de radicais livres sdo duas
constantes em cirurgia presentes em maior ou menor grau, ha dependéncia da técnica cirargica
escolhida e do cirurgido, que pode atenuar ou contribuir para que estes fatores levem ao
desequilibrio da homeostase (MEDEIROS; DANTAS FILHO, 2017; DALMOLIN et al.,
2016).

O trauma cirdrgico pode ocasionar alteracao no perfil oxidatieis mais elevados
de estresse oxidativo estdo relacionados a técnicas mais invasivas em comparacao a
minimamente invasivas. O processo inflamatdrio € elemento-chave na evolugao cirdrgica, € 0
estresse oxidativo € um importante contribuinte (SERIN et al., 2008; STEVENS et al.; 2019).

2. 2 Procedimentos cirurgicos de estelizagdo em caninos

Os procedimentos cirtrgicos de esterilizacdo séo realizados com grande frequéncia na
pratica de animais de companhia. A ovariohisterectomia (OH) e a orquiectomia (OQ) sdo as
técnicas cirdrgicas mais comumente utilizadas (ADIN, 2011; SHAVER; LARROSA;
HOFMEISTER, 2019URFER; KAEBERLEIN, 2019).

A esterilizacdo é considerada a interrup¢cdo permanente da reproducao e geralmente é o
objetivo na medicina veterinaria de pequenos animais. Associado a essa completa interrupcao
da fertilidade, ha uma diminuicéo na fisiologia e nos comportamentos reprodutivos em animais
de estimacéo, incluindo exsudacdo de secrecdo vulvar associada ao calor nas cadelas
montagem em cé&es prisioneiros, marcagado de territorio, além de ser eficaz para o controle
populacional em populacdes de cdes de vida livre, reduzindo o risco de mordidas e transmissao
de doencas zoondticas (ROOT KUSTRITZ, 2018; URFER; KAEBERLEIN, 2019).

Os procedimentos cirtrgicos de OH e OQ sao utilizados rotineiramente com fins
profilaticos e terapéuticos. Em fémeas, realiza-se como parte do tratamento para afeccbes
mediadas por hormdnios gonadais, como neoplasias em glandula mamaria, cistos ovarianos,
pseudogestacao, hiperplasia e prolapso vaginal/uterino, muco/hemo/piometra, entre outras. Em
machos, como parte do tratamento para afec¢cdes androgeno-dependentes, como hiperplasia
prostética benigna, prostatite crénica, cistos e abscessos prostaticos/paraprostéaticos, desorden:
epididiméarias e testiculares como neoplasia, torcdo do funiculo espermatico, orquite e
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epididimite (VOORWALD & TIOSSO, 2013), e ainda na estabilizacdo de doencas sisiémicas
como nos casos de epilepsia e diabetes melito (HEDLUND, 2008).

Adin, em 2011, descreveu varias complicacfes advindas destes procedimentos como
hemorragia intra-abdominal, problemas a cicatrizagdo, remanescentes do pediculo ovariano,
piometra de coto, entre outras, o que néo o surpreende dada a frequéncia com que séo realizados
Jones e colaboradores (2020) relataram um caso de dano uretral iatrogénico, uma complicagcao
incomum, mas grave, da orquiectomia prescritiva de rotina.

O sexo foi identificado como a maior variavel isolada, afetando a duracdo da cirurgia e
anestesia. Em machos, a OQ possui natureza menos invasiva em comparacédo a OH em fémeas
tendo em vista que se trata de um procedimento que é realizado com grande rapidez por uma
pequena incisdo pre-escrotal. JA nas fémeas o procedimento cirdrgico tem duracdo e trauma
cirirgico maior devido a abertura e manipulacdo da cavidade abdominal, tracdo do pediculo
ovariano e a incisdo peritoneal (SHAVER; LARROSA; HOFMEISTER, 2019;
QUARTERONE et al., 2017).

Vérios estudiosos apontam a associagdo dos procedimentos cirirgicos de esterilizagéo e
0 estresse oxidativodee Kim (2014), demonstraram que que procedimentos cirdrgicos, como
ovariectomia laparoscopica e aberta, aumentam o status oxidante total plasmatico e o indice de
estresse oxidativo e diminuem o status antioxidante total em CH8ODZENTE,
KARVELIENE, RISKEVICIENE, 2018) mostraram que a separa¢do a longo prazo do
proprietario no novo ambiente ativou mecanismos de defesa antioxidante em cédes aumentando
0s niveis de oxidantes com a diminuicdo dos niveis de antioxidantes. Sakundech e
colaboradores em 2020, concluiram que OH causou maiendoadelas, estresse oxidativo e

reducdo do poder antioxidante total.

2.3 Procedimentos cirdrgicos e o estresse oxidativo

A producdo de espécies reativas de oxigénio (EROs) faz parte da biologia celular
normal e pode ser observada em diversas condig¢des fisioldgicas, sejam como sinalizadores ou
reguladoresAs reacdes de oxidacao/reducao (redox) sdo fundamentais para as vias bioquimicas
gue conduzem o maquinario celular. As células devem manter a producdo das EROs sob
controle, de forma a equilibrar a formacéo e eliminacdo destas espécies, caso contrario podera
conduzir ao estresse oxidativo ( VASCONCELOS et al., 2007; STEVENS et al.; 2019
BARBOSA et al., 2010).

O estresse oxidativo (EO) é a consequéncia de um desequilibrio entre a producéo de
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espécies reativas de oxigénio (EROs) e a capacidade antioxidante total do organismo; sua
propagacao esta relacionada ao desenvolvimento de varias doencas sistémicas e comorbidade:
gue podem contribuir para aumento do risco perioperatério (PECH et al., 2019; PIZZINO et al.,
2017; JUODZENTE; KARVELIENE; RISKEVICIENE, 2018).

O EO perioperatorio € uma resposta complexa que envolve fatores do paciente,
cirdrgicos e anestésicos. A magnitude da lesdo tecidual infligida, e a duracdo e a natureza do
procedimento anestésico influenciam a condic&o. Além disso, € provavel que a sdsciibili
ao impacto do estresse oxidativo nos individuos, seja altamente variavel e potencialmente
ligada a comorbidades subjacentes. O impacto dos fatores de risco pré-operatérios e a
propagacao intra-operatéria do EO tendem a ser confirmados no pds-operatério e podem se
manifestar como complicacdes indesejadas e danos a longo prazo ( STEVENS et al., 2019).

A producdo de espécies reativas esta correlacionada com processos inflamatérios, o
consumo de oxigénio por macrofagos e neutréfilos ativados ocorre durante este processo, com
uma superabundancia de EROs. Caso este exagero né&o seja controlado por mecanismos
antioxidantes, pode ocorrer dano tecidual (AGARWAL et al., 2005).

Campos e colaboradores em 2018, concluiram que o EO é uma condi¢cdo metabdlica de
dificil diagndstico em decorréncia da auséncia de sinais clinicos especificos. Ainda que nao se
manifestem clinicamente, o monitoramento de animais enfermos torna-se importante, uma vez
gue ha correlagdes da injaria celular cumulativa com diversas doencas de carater crénico-
degenerativa.

Dentro deste enfoque, o presente estudo tem como objetivo avaliar os niveis de
marcadores de estresse oxidativo e do sistema enzimatico de defesa antioxidante no soro de
caninos do hospital veterinario da Universidade Federal de Vigosa /MG, estabelecendo o perfil

oxidativo no perioperatério de esterilizagdo em machos e fémeas.
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30BJETIVOS

3.1 Objetivo Geral

Avaliar o nivel dos marcadores de estresse oxidativo e do sistema enzimatico de defesa
antioxidante no soro de caninos, estabelecendo um perfil oxidativo no perioperatério de

esterilizacao.

3.2 Objetivos Especificos

- Quantificar a capacidade antioxidante sérica total.

- Quantificar a atividade de enzimas antioxidantes.

- Quantificar os marcadores de dano relacionados ao processo oxidativo.

- Estabelecer um perfil oxidativo dos cdes machos e fémeas no perioperatério de

procedimentos de esterilizacao.
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4 METODOLOGIA

4.1 Desenho do estudo

O estudo contou com a participacao de caninos de racas e portes variados, provenientes
da rotina cirdrgica do Hospital Veterinario da Universidade Federal de Vigosa (UFV),
Vicosa/Minas Gerais. As amostras foram coletadas no periodo de outubro a dezembro de 2019,
apos a aprovacdo do Comissio de Etica em Pesquisa com Animais da Universidade Federal de
Vicosa (CEUA-UFV), parecer numero 15/2019.

Foram incluidos caes higidos de ambos os sexos, indicados para cirurgia eletiva de
esterilizacdo do Programa de Estratégias em Saude Animal e Humana (PROESAH). Apds
autorizacdo de seus tutores, mediante assinatura do Termo de Consentimento, os caes foram
submetidos a avaliacdo clinica veterinaria e laboratorial para indicacao cirargica. Caes que
apresentaram alteracfes nos exames pré-cirdrgicos, que apresentavam comorbidades ou que
nao tivessem autorizacdo por parte dos tutores foram excluidos dos estudos. Os proprietarios
gue aceitaram participar da pesquisa, assinaram o Termo de Concentimento Livre e
Esclarecido-TCLE (ANEXO B).

4.2 Coleta de amostra biolégica

A amostra sanguinea foi coletada por puncao venosa, sendo realizada por profissional
veterinario devidamente habilitado. Foram coletadas em trés momentos: TO na semana anterior
a cirurgia, sem jejum; T1 pré-operatério antes da tricotomia e cateterizacdo, com animal em
jejum de 12 horas e T2 uma hora ap0s a finalizacao do procedimento cirdrgico. Foram coletados
tubos sem anticoagulante para obtencdo do soro; apos retracdo do codgulo a amostra foi

centrifugada e o soro armazenado a - 4°C, para as analises posteriores.
4.3 Avaliacdo dos marcadores de estresse oxidativo
4.3.1 Capacidade sérica antioxidante total
A quantificacdo da capacidade sérica antioxidante total foi baseada no método da

capacidade de reducdo férrica (FRAP) (BENZIE et al.,, 1996). Para teEhtpl. de

amostra/padrao foram adicionados a 220 uL de solu¢do FRAP em microplacas de poliestireno,
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gue foram incubadas no escuro por 30 minutos. Como agente oxidante foi utilizada uma solucao
de Trolox, partindo de uma concentracdo de 2 mmolAs leituras foram realizadas no
espectrofotometro Multiskan GO Microplate Spectrophotometer spectrophotometer (Thermo
Scientific) em comprimento de onda 570 nm. As concentracdes relativas foram obtidas a partir

da curva padrasendo os resultados expressos em puM.

4.3.2 Atividade das enzimas antioxidantes

A determinacgdo da atividade catalitica da Superdxido Dismutase (SOD) foi realizada
pelo método do pirogalol baseado na capacidade da enzima de catalisar a reacéo do superoxidc
(O2) e peroxido de hidrogénio (B.) de acordo com Sarban e colaboradores (2005). Para isso,

30 ul de amostra foram adicionadas a 99 ul de tampao fosfato (0,1M pH 7,0), 6 ul de 3-(4,5-
dimetiltiazol-2yl)-2,5difenil brometo de tetrazolina (MTT) (1,25 mm) e 15 pl de pirogalol (100

uM) em placa de 96 pocos e incubados durante 5 minutos a 37 °C. O padréo e o branco foram
feitos da mesma maneira, porém para ambos sem amostra e utilizando 129 pl e 144 pl de
tampao, respectivamente. No branco ndo foi adicionado pirogalol. Apés a incubacéo, foi
estabeleida a reagdo com 150 ul de sulfoxido de dimetilo (DMSO) (1,25 mm), e as amostras
foram submetidas a leitura a 570 nm em leitor de placas (Thermo ScientificMultiska@T.M

A atividade enzimética foi expressa em Unidades de SOD/mg de proteina.

A atividade enzimatica da Catalase (CAT) foi avaliada medindo a cinética de
decomposicéo de ., de acordo com AEBI (1984). Para isso, 6 pL de amostra juntamente
com 600 pL de tampao Fosfato (0,1 M e pH 7,0) foram utilizados como branco para cada
amostra enquanto que, para leitura, o tampao Fosfato foi acrescid@Dgé€3B%). Dessa
forma, em uma cubeta de Quartzo, as amostras foram submetidas a leitura a 240 nm em
espectrofotdbmetro, durante 60 segundos, para acompanhamento da cinética enzimatica. A
atividade enzimatica foi expressa em Unidades de CAT/ mg de proteina.

Na determinacédo da atividade enzimatica da Gluatationa S-transferase (GST), no soro
dos voluntarios, foi realizada a quantificacdo do produto formado a partir da complexagéo de
Glutationa reduzida (GSH) com 1-cloro-2,4-dinitrobenzeno (CDNB) de acordo com o método
descrito por HABIG e colaboradores (1974) e foi calculada pela taxa de oxidacdo de NADPH.
Dessa forma, em uma cubeta de Quartzo, foram pipetados 682 ul de tampao Fosfato (0,1 M e
pH 7,0) juntamenteom 6 ul de CDNB (0,1 M), 6 ul de amostra e 6 ul de solugao de GSH (0,1
M) e a taxa de reacdo da enzima presente nas amostras foi monitorada a 340 nm em
espectrofotobmetro, durante 90 segundos, para acompanhamento da cinética enzimatica. Foi
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realizado também um branco para o experimento, o qual ndo possui adicdo da amostra e foi
utilizado para verificar a taxa de reacdes nao-enzimaticas. A atividade enzimatica foeexpress
em pmol mint g!, onde uma unidade de atividade representa a quantidade de engima qu
catalisa a formagdo de 1 umol de produto por minuto e por grama de amostra, nas condi¢des do

ensaio.

4.3.3 Marcadores de dano

Para quantificar os produtos provenientes da peroxidacao lipidica (peréxidos lipidicos,
malondialdeidos e demais aldeidos de baixo peso molecular), as amostras de soro foram
submetidas a reacdo com o &cido tiobarbitarico (TBARS), de acordo com a metodologia de
BUEGE e AUST (1978). Dessa forma, 200 pul de cada amostra foram adicionados a 400 pl de
solucdo de TBARS (15% de TCA, 0,375% de TBA e 0,25M de HCL), agitados no vortex
durante 10 segundos e colocados em banho-maria, a 90 °C, durante 40 minutos. Em seguida,
apos resfriamento, foi efetuada a extracdo das substancias reativas ao acido tiobarbitirico com
a adigdo de 600 ul de n-butanol, seguida da centrifugagédo a 3500 rpm, durante 5 minutos. Por
fim, apos centrifugacdo, 200 pl dos sobrenadantes foram cuidadosamente retirados e
submetidos a leitura a 535 nm. Os valores de TBARS foram expressos em mmols de
malondialdeido (MDA)/mg de proteina.

A dosagem de proteinas carboniladas (PPTc) no soro foram determinadas de acordo
com a metodologia de Levine e colaboradores (1990). Dessa forma, o precipitado obtido pela
centrifugacéo foi ressuspendido com 1 ml de tampéo fosfato (0,1 M, pH 7,0) e este dividido em
dois tubos conicos (amostras e brancos), com 500 pL em cada. Em seguida, ambos foram
precipitadosom 500 ul de solugdo de TCA 10% e centrifugados a 5000 g, durante 10 minutos,

a 4 °C e o sobrenadante descartado. Posteriormente, apenas as amostras foram incubadas el
temperatura ambiente, durante 30 minutos, com 500 pl de solucdo contendo 2.4-
dinitrofenilhidrazina 10 mM e HCL 2 M. Logo apds, as amostras e os brancos foram novamente
precipitados com TCA 10% e centrifugados, durante 10 minutos, a 5000 g. Os precipitados
foram, entéo, lavados duas vezes com solucao etanol: acetato de etila (1:1) e centrifugados a
10000 g, durante 10 minutos, a 4 °C e o sobrenadante descartado. Por fim, os precipitados
obtidos foram ressuspendidos em 1 ml de solucdo de Dodecil sulfato de sédio (SDS) 6%,
novamente centrifugados a 10000 g, durante 10 minuto$Ca 200 ul dos sobrenadantes

foram cuidadosamente retirados e submetidos a leitura a 370 nm em leitor de placas (Thermo
Scientific-MultiskanTM GO).O contetido de PPTc foi expresso em nmol de PPTc/ml de
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amostra.

4.4 Andlise estatistica

As varidveis analisadas apresentaram distribuicdo normal no teste de Shapiro-Wilk,
portanto, foram realizadas analises paramétricas. Os resultados foram expressos como média +
desvio padrdo, com significancia estatistica considerada quando p < 0,05. Para analise do tempo
inicial foi utilizado o teste T e na avaliagdo comparativa dos trés tempos foi utilizadortest
way ANOVA pareado. O tratamento estatistico foi realizado através do programa GraphPad

Prism 7.0 program (GraphPad Software, Inc. San Diego, CA).
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Abstract

The surgical act is an event that results in numerous organic responses and is related to the
production of reactive species, which, in imbalance with the antioxidant system, contribute to
oxidative stress. The deleterious effects of oxidative stress, resulting from oxidative damage,
may compromise systemic functioas well as postoperative recovery. This study aimed to
evaluate the level of oxidative stress markers and the enzymatic system of antioxidant defense
in canine serum, establishing an oxidative profile in the perioperative sterilization. Research
conducted with 18 healthy dogs of varying breeds, ages and sizes, from the surgical routine of
the Veterinary Hospital of the Federal University of Vigosa/Minas Gerais. The durgica
techniques choseo perform castration were Orchiectomy in males and Ovariohysterectomy

in females. The experiment was carried out after the approval of the Animal Research Ethics
Committee at the Federal University of Vicosa (CEUA-UFV) and authorization ofrhers.

All canines were submitted to blood collections at different times, TO collection perfatmed
pre-surgical examinations, T1 collection performed on the day of the surgery with the animal
fasting preoperatively before trichotomy and catheterization afd@tbalection was performed

01 hour after the surgical procedure. From the serum, spectrophotometric evaluations were
performedto determine the total antioxidant power (FRAP), activity of the enzymes Catalase
(CAT), superoxide dismutase (SOD) and Glutathione-S-transferase (GST) and quantification
of the markers of damage carbonyl protein and lipid peroxidation product (MDA). The serum
oxidative profile of male and female dogs, before any interference, was at similar levels. Male
dogs showed a significant reduction in the activity of CAT @83 enzymes after the end of

the castration procedure. Only tB& Tenzyme showed a significant reduction in activity in the
group of female dogs after the castration procedure. Although there was no alteration in the
MDA marker, resulting from lipid peroxidatioat the differenttimes evaluated, there was a
significant reductionn protein carbonylation after the anesthesia and after the end of the
procedure, in the group of female dogs. Our findings demonstrate that surgical procedures for
sterilization of male and female dogs induce oxidative changes. Only females showed reduction
of protein carbonylation, demonstrating the impact of the surgical procedure on the oxidative

profile of females during castration.

Keywords: Ovariohysterectomy, Orchiectomy, Oxidative stress, Castration.
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1. Introduction

Surgical procedures are part of the hospital routine, lzieyent that results not only
in local tissue injury, butin numerous systemic responses mediated by surgical stress
(Desborough, 2000; Stevens et al., 2019).

Surgical stressnay occur before, during and after surgical procedures, resulting from
psychological stress, tissue injury, vascular alterations, anesthetic agents or even postoperative
complications. Maintaining homeostatic balance in biological systems is criticalaanbe
challenged in stressful situations, triggering an adaptive response, with stimulation of various
systems such as neural, endocrine and immunological in order to restore the altered balance.
The degree of physiological response is proportional to the magnitude of the lesion with the
increased demand for organic functions (Faria Neto and Mendonca Filho, 2005; Lee and Kim.,
2014; Sakundech et al., 2020)

The response to surgical stress is a compensatory and important mechanism, because it
avoids secondary damage by increasing the availability of substrates required bialessent
organs and scar tissues, howewdhe stress respongeprolonged,t results in damage and
higher morbidity (Medeiros and Dantas Filho, 2017; Sakundech et al., 2020)

Surgical trauma may cause changes in the oxidative profile, depending on the magnitude
of the surgery, technique used and sequelae of inflammation experienced, with higloflevels
oxidative stress in more invasive techniques compared to minimally invasive ones. The
inflammatory process is a key element in surgical evolution, and oxidative stress is aanmport
contributor (Serin et al., 2008; Stevens et al., 2019).

Oxidative stress is the consequence of an imbalance between the production of reactive
oxygen species (ROSs) and the body’s total antioxidant power, if sustained, contributes to the
development of various systemic lesions, slow healing, among other comorbidities that may
contribute to increased perioperative risk (Pech et al., 2019; Pizzino et al., 2017; JuodZent¢ et
al., 2018). Strongly related to surgical stress and postoperative recovery (Tsuchiya et al., 2018;
Rautela and Katiyar, 2019).

Within this approach, the present study aims to evaluate the levels of oxidative stress
markers and the enzymatic system of antioxidant defense in canine serum of the veterinary
hospital of the Federal University of Vicosa /MG, establishing the oxidative profileein

perioperative sterilization in males and females.
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2. Methodology
2.1. Study design

The study included 18 dogs of varying breeds and size, from the surgical routine of the
Veterinary Hospital of the Federal University of Vigcosa/Minas Gerais. The samples were
collected from October to December 2019, after the approval of the Animal Research Ethics
Committee at the Federal University of Vigosa (CEUA-UFV), opinion number 15/2019.

Healthy dogs of both sexes were included, indicated for elective castration safrtery
Family Health Program at the Veterinary Hospital of the Federal University of ig634).

After authorization from their owners upon signing the consent form, the dogs were submitted
to veterinary and laboratory clinical evaluation for surgical indication. Dogs that presented
alterations in pre-surgical examinations, who presented comorbidities or who were not

authorized by the owners were excluded from the studies.
2.2.Collection of biological sample

The blood samples were collected by venipuncture, being performed by a veterinarian
duly qualified. They were collected in three moments: TO on the day before surgery, without
fasting; T1 preoperatively before trichotomy and catheterization, with the animal fasting and
T2 one hour after the completion of the surgical procedure. Tubes without anticoagulant were
collected to obtain the serum, after clot retraction the sample was centrifuged and the serum

stored at -4°C for further analysis.
2.3.Evaluation of markers of oxidative stress
2.3.1.Total serum antioxidant power

The quantification of total serum antioxidant power was based on the method of ferric
reducing antioxidant power (FRAP) (Benie et al., 1996). For this, ten uLL of sample/standard
were added to 220 uL of FRAP solution in polystyrene microplates, which were incubated in

the dark for 30 minutes. A Trolox solution was used as an oxidizing agent beginnirg with

concentration of 2 mmol.t. The readings were performed on the Multiskan GO Microplate
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Spectrophotometer (Thermo Scientific) at wavelength of 570 nm. The relative concentrations

were obtainedrom the standard curve and the results were expresséd.in

2.3.2.Activity of antioxidantenzymes

The determination of the catalytic activity of SOD was performed by the pyrogalol
method based on the ability of the enzyme to catalyze the reaction of superoxide (O-2) and
hydrogen peroxide, according to Sarban et al. (2005). For this, 30 pl of sample were added to
99 ul of phosphate buffer (0.1M pH 7.0), 6 ul of MTT (1.25 mm) and 15 pl of pyrogalol (100
uM) in 96-well plate and incubated for 5 minutes at 37°C. The standard and whitmacee
in the same way, bufpr both, without sample and using 149 and 144 pl of buffer,
respectively. In the white, pyrogalol was not added. After incubation, the reaction with 150 pl
of DMSO (1.25 mm) was established and the samples were submitted to re&digat in
a plate reader (Thermo Scientific Multiskan™ GO). Enzyme activity was expressed in SOD
units per mg of protein.

The enzymatic activity of Catalase was evaluated by measuring the kinetics of H202
decomposition, according to AEBI (1984). For this, 6 pL of sample together with 600 pL of
Phosphate buffer (0.1 M and pH 7.0) were used as white for each sainiée for reading,
the Phosphate buffer was received H202 (30%). Thus, in a Quartz cuvette, the samples were
submitted to 240 nm reading in a spectrophotometer for 60 seconds to monitor the enzymatic
kinetics. The enzymatic activity was expressed in Catalase Units per mg of protein.

In the determination of the enzymatic activity of Glutathione S-transferase, inthe serum
of the volunteers, the quantification of the product formed from the complexation of reduced
glutathione (GSH) with 1-chloro-2,4-dinitrobenzene (CDNB) was performed according to the
method described by HABIG et al. (1974) and was calculated by the oxidation rate of NADPH.
So,in a quartz cuvette, 684 of Phosphate buffer (0.1 M and pH 7.0) were pipetted together
with 6 pul of CDNB (0.1 M), 6 ul of sample and 6 pl of GSH solution (0.1 M) and the reaction
rate of the enzyme present in the samples was monitored at 340 nm in a spectrophotometer, f
90 seconds, to monitor enzymatic kinetics. A white was also performed for the experiment,
which has no addition of the sample and was tseerify the rate of non-enzymatic reactions.

The enzymatiactivity was expressed in umol min-1 g-1, where a unit of activity represents the
amount of enzyme that catalyzes the formation of 1 pmol of product per minute and per gram

of sample, under the conditions of the assay.
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2.3.3.Markers of damage

To quantify the products derived from lipid peroxidation (lipid peroxides,
malondialdehydes and other aldehyadédow molecular weight), the serum samples were
submittedto reaction with thiobarbituriacid (TBARS), accordingo the methodology of
BUEGE and AUST (1978). Thus, 2Q0 of each sample were addexl400 ul of TBARS
solution (15% of TCA, 0.375% of TBA and 0.25M of HCL), stirred in the vortex for 10 seconds
and placed in bain-marie, at 90°C, for 40 minutes. Then, after cooling, thiobarbitaric aci
reactive substances were extracted with the addition of 600 pl of n- butanol, followed by
centrifugation at 3500 rpm for 5 minutes. Finally, after centrifugation, 200 pl of the supernatants
were carefully removed and submitted to readitis35 nm. TBARS values were expressed
malondialdehyde (MDA)mols per mg of protein.

The dosage of carbonyl proteins in the serum were determined according to the
methodology of Levinetal. (1990).Thus, the precipitate obtained by centrifugation was re-
suspended with 1 ml of phosphate buffer (0.1 M, pH 7.0), which was divided entmivical
tubes (samples and whites), with 500 pL in each. Then, both were precipitated with 500 pul of
10% TCA solution and centrifuged at 5000 g for 10 minutes at 4°C, being the supernatant
discarded. Subsequently, only the samples were incubated at room temperature for 30 minutes,
with 500 pul of solution containing 2.4- dinitrophenylhydrazine 10mN8 and HCL 2M. Soon
after, the samples and whites were precipitated again with TCA 10% and centrifud®d for
minutes at 5000 g. The precipitates were then washed twice with ethanol solutioacetatd
(2:1) and centrifugeat 10000 gfor 10 minutesat 4°C and the supernatant was discarded.
Finally, the precipitates obtained were re-suspended in 1 ml of SDS 6% solution, aga
centrifuged at 10000 g, for 10 minutes, at 4°C and 200 pl of the supernatants were carefully
removed and submittdd readingat 370 nmin plate reader (Thermo ScientifidMultiskan™
GO). The content of carbonyl proteins was expressed in nmol of carbonyl proteins per ml of

sample.

2.4, Statistical analysis

The variables analyzed presented normal distribution in the Shapiro-Wilk test, thus,
parametric analyses were performed. The results were expesssedn+ standard deviation,
with statistical significance considered when p < 0.05. For the initied #inalysis, the T
test was used and in the comparative evaluation of the three times, a one- way paired ANOVA
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test was used. Statistical treatment was performed through the GraphPad Prism 7.0 program
(GraphPad Software, Inc. San Diego, CA).

3. Results

3.1.Characterization of the population studied

In the present study, 18 healthy dogs from the surgical routine of the Veterinary Hospital
of the Federal University of Vigosa were included, able to perform the surgical procedures of
castration. Among the selected dogs, 10 are females and 08 males, with ages ranging from 06
months to 5 years, without significant difference between the two groups (p=0.5502h In bot
groups, the majority had undefined breed (UDB), with an average weight of 14.7 kg for males
and 9.84 kg for females, with no significant difference (p=0.1672) (Table 1).

Table 1
Characteristics of the animals submitted to castration.
Sex Breed Weight (Kg) Age Months
1 M uUDB 17.40 73
2 M UDB 6.60 17
3 M Pit Bull 11.80 06
4 M UDB 20.00 60
5 M uDB 18.00 24
6 M UDB 5.00 38
7 M UDB 21.5 36
8 M UDB 17.00 36
Mean +SD 14.7 £ 6.61 36.25+ 21.89
9 F Pinscher 3.40 12
10 F German Sheppar 18.00 60
11 F Yorkshire 3.90 12
12 F uUDB 6.90 12
13 F uUDB 6.90 12
14 F Lhasa Apso 4.00 60
15 F UDB 22.00 24
16 F UDB 2.30 24
17 F uDB 10.00 24
18 F German Sheppar 21.00 60
Mean +SD 9.84+7.63 30+21.35

3.2.Evaluation of baseline oxidative profile without fasting

At first, the baseline oxidative profile of the animals of both sexes at TO was evaluated

by determining the total ferric reducing antioxidant power (FRAP), the activity aixatdint
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enzymes (SOD, CAT and GST) and the quantification of oxidative damage markersa(RPTc
MDA) (Table 2).

Table 2
Serum oxidative profile of dogs before the surgery (TO).
Male Female p
Mean+5D

FRAP 0.7167+0.245 0.679+0.195 >0.9999
CAT 634.286+369.498 511.653+184.843 0.9105
GST 389.208+135.245 284.791+104.866 0.5652
MDA 0.253+0.056 0.25+0.047 0.9931
PPTc 19.191+8.187 19.971+3.648 0.9997

As shown in Table 2, the serum oxidative profile of dofjboth sexes at TO, before any interference, does not
present significant difference. All markers evaluatedevegiantified at similar levels in the serum of males and
females.

3.3.Evaluation of the anesthetic and surgical effect on the oxidative profile

Total serum antioxidant power (FRAP) was quantified at similar levels in both groups
at all times evaluated (Figure 1A). Male dogs showed a significant reduction in catalase enzyme
activity at T2 compared to T1 (Figure 1B). Similarly, a significant reduction ind®2observed
compared to T1, of the activity of the GST enzyme, in the group of male animals. |lAswel
significant reduction of GST activity at TO and T2 when compared to activity atigarér
1C). Both groups did not present serum detectable amounts of the antioxidant enzyme

Superoxide Dismutase (SOD) at all collection times evaluated.
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Fig. 1.Detection of total serum antioxidant power and serum enzyanetivity. Evaluatiorof FRAP(A), Catalase
(CAT) (B) and Glutathione-S-transferase (GST) (C) atdbllection times (TO, T1 and T2) in the serum of male
(n =8) and female dogs (n = 10). * p<0.05 and ** p<0.01 in one-way paired ANOVA test.
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Regarding the markers of tissue damage resulting from oxidative stress, lipid
peroxidation and carbonyl protein were quantified. The MDA marker resulting from lipid
peroxidation showed no statistical difference between the groups at the different times
evaluated. There was a significant reduction in protein carbonylation in the female dogs group
at T1 and T2 compared to TO.
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Fig. 2. Quantification of tissue damage markers. Evaluatiolipaf peroxidation determined by MDA (A) and
carbonyl proteins (PPTc) (B), at collection times (TO,ant T2)in the serunof male (n=8) and female dogs
(n=10).** p<0.01 in one-way pairedNOVA test.

4. Discussion

Surgical sterilization procedures are performed with great frequency in the practice of
companion animals. Ovariohysterectomy (OH) and orchiectomy (OC) are the most commonly
used surgical technigues (Adin, 2011). OH and OC surgical procedures are routindty used
prophylactic and therapeutic purposes. In females, for diseases mediated by gonadal hormones,
suchas neoplasmsn the mammary gland, ovarian cysts, pseudopregnancy, hyperplasia and
vaginal/uterine prolapse, mucus/hemo/pyometra, among others. In males, for androgen-
dependent disorders such as benign prostatic hyperplasia, chronic prostatitis,
prostatic/paraprostatic cysts and abscesses, epididymal and testicular disorders such as
neoplasm, spermatic funiculus torsion, orchitis and epididymitis (Voorwald and Tiosso, 2013),

Adin, in 2011, described several complications arignogn these procedures, which
are not surprising given the frequency with which they are performed. Inflammation and
the formation of free radicals are two constantsurgical processes, present to a greater or
lesser degree, depending on the chosen surgical technique and the surgeon, which can attenuate
or contribute to these factors, leadieghomeostasis imbalance (Dalmoghal., 2016). The
sex was identifiedsthe largest variable alone, affecting the duration of surgery and anesthesia.

In males, OC is less invasive comparedtd in females, considering thétis a procedure
that is performed very quickly by a small prescrotal incisidn. females, the surgical
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procedure has longer duration and surgical trauma due to the opening and manipulation of th
abdominal cavity, traction of the ovarian pedicle and peritoneal incision (Quartrahe
2017; Shaveet al., 2019;). In the present study, 18 dogs &blendergo sterilization surgery
from the hospital surgical routine of the Veterinary Hospital of the Federal Unyersit
Vigcosa were selected, participants of extension activityatinasto provide veterinary service

in the Family Health Program in poor neighborhoods. Although the groups of male anel femal
animals are composed of animals of different breeds and variable ages, ther® was
significant differencan weight and age between the two groups. A@dl1) suggests that
there are differences relatad age, sex and breeith dogs, whichcan impact on the
predisposition to some diseases. Another study related age increase with oxidativeatamage
inflammation, where elderly dogs have reduced ability to respond to intracellular oxidative
stress (Alexander et al., 2018). However, the evaluation of the oxidative profile of the two
groups of dogs at TO demonstrated similar levels of all markers evaluate@) batlesand
females, before preoperative fasting, anesthesia and surgical procedure.

According to Baysal et al. (2009), surgical trauma is associated with increased oxidant
production and decreased antioxidant mechanisms. The postoperative period is accompanied
by a series of metabolic alterations that involve compensatory response to surgical stress (Adin,
2011). Metabolism of anesthetic agents, hypothermia due to blood loss and tissue manipulation
during surgery are the factors that regultbxidative damage to the body (Rautela and Katiyar,
2019).

In our studywe did not observe a significant differeringotal serum antioxidant power
between the two groups at all times evaluated. Regarding the serum antioxidant enzymes, the
males showed a significant decrease in CAT and GST activity at the final tiowmmgared to
T1. The group of females also showed a reduction in GST activity at the final T2 tirpaream
to T1 after anesthesia. For Pari and Murugan (2007), the reduction in the activity of antioxidant
enzymes, such as catalase, may occur due to its excessive use in the removal of free radicals,
leading to enzyme exhaustion. Mogheisell €2019) also describe reduced CAT activity after
castrationn male dogs. Sakundechadt (2020), when evaluating female dogs before, during
and after castration procedures, observed that the CAT activity was not signifdinéy over
the experimental period, however the total antioxidant power after 14 days was significantly
higher than in the preoperative period and other times of the experimental period.

Male dogs andcats submittedto orchiectomy required less postoperative analgesic
intervention than female dogs and cats submitted to ovariohysterectomy (Quarterone et al.,
2017). Open procedures are involved with higher production of reactive oxygen species
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(ROSSs), due to large incisions, intestinal manipulation and inflammatory cell activation (Souza
et al., 2003). These changes result in oxidative stress at the cellular level, charabterized
reduced activity of the antioxidant defense system and increased production of ROSs
(Juodzenté et al., 2018). Oxidative stress can result in cellular damage, the secondary product

of MDA lipid peroxidationis derivedfrom the rupture of polyunsaturated fatty acids, being
considered a general potential biomarker of lipid oxidative damage in plasma (Vasconcelos et
al., 2007) .

In our study, we did not observe changes in the levels of MDA induced by pre-
anesthetic fasting and the surgical process compared to TO for both sexes. Similarly, Sakundech
et al. (2020), did not observe changes in MDA levels in the preoperative period and 3 hours
after the castration procedure in female dogs. In this study, there was an increagelavéi®
only 3 days after the procedure, differing from a study with male dogs, in which there was a
significant increase in MDA during the castration procedure (Mogheiseh et al., 2019).

Proteins are the most abundant cellular constituents, which makes them important target
of ROSs and markers of oxidative stress (Dalle-Donne et al. 2006). Our data demonstrate a
significant reduction in the quantification of carbonyl proteins in females at T1 and T2
compared to TO, while in the group of males there was no change at the three times evaluated,
differing from a study that suggests an increase in protein carbonylation in females 30 days

after OH compared to the values before surgery (Szczubial et al., 2015).

5. Conclusion

Our data suggest that surgical procedures for sterilization induce changes in the
oxidative profile of male and female dogs. We observed significant consumption of antioxidant
enzymes after the proceduneboth groupg. Although onlyGST consumption was observed in
the female group, it seems to have been adequate for the control and prevention of oxidative
damage, since, after anesthesia and procedure, there was a significant reduction in
carbonylation of serum proteins. Our data reinforce the concept that surgical procedures for
castration result in changes in the oxidative profile in both male and female dogs, suggesting
the importance of evaluating the oxidative profile in animals submitted to more invasive

surgeries or even animals with previous comorbidities.
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Entendendo o Estresse Oxidativo

Especies Reativas e Radicais Livres

As especies reativas s3o moléculas instaveis gue possul uma grande
capacidade de interagdo com outras moléculas, elas se apresentam na
forma de radicais livres efou espécies nao radicais.

Chamamaos de radicais livres as moleculas que possuem uma deficiéncia
de elétron na sua camada mais externa. Esta caracteristica lhe confere
uma reatividade ainda maior.

Ex- OH (hidroxila), ©2 {superaxido), NO |oxido nitrico} e H:O: (peroxido
de hidrogénio).

Acttendlaitis
09

DGD P
__>__)u®
\U-._.--'

Radical livre
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Produto Técnico - Livreto explicativoPagina 01

41



42

Estresse Oxidativo

OXIDATIVE
STRESS

Em condigBes organicas normais, existe um equilibrio entre a produgdo
de espécies reativas e o seu controle pelos sistemas antioxidantes
existentes em nosso organismo. Quando de alguma forma este
equilibrio & estremecidg, surge uma condigdo que denominamos de
Estresse Oxidativo.

Defesas A Defesas :
oy Espécies Reativas Anoxidantes Espécies Realivas
Antioxidantes '~ Radicais Livres 7, Radicals Livres
()
p
AL
' :E'zv' :."_'«‘
Equilibrio
Fouto da Imagam: Adsptado — certalnacicuabmimed ¢ MIRON, V.V. 2018
2
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Sua importancia na saude

‘- — —
Font= dr Imsgem: Settyimages. Codgo: 315251943

ra: T ernsdoadteres D
o UXIGativo:

Devemos nos preoccupar com o Estre:

Sim, o estresse oxidativo € capaz de causar lesdes aos constituintes
celulares como: lipideos, proteinas e até mesmo ao DNA.

O estresse oxidativo estad presente e/ou associado a:

v’ Virias patologias, com sua progressao e prognosticos: diabetes,
artrite, ca3ncer, doengas respiratorias, doengas degenerativas do
SNC, etc.

v’ Afalénciade multipios érgdos: rins, coragao, figado, etc.

v Complicagbes cirlrgicas e pos cirurgicas: necrose, infecgdo
hospitalar, retardo na cicatrizagao, sepse, postergacao da estadia
hospitalar, resisténcia insulinica, etc.
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Estresse Oxidativo e os Profissionais de satde

A compreensdo da génese e da epidemiologia do
estresse oxidativo por medicos, médicaos veterinarios
e outros profissionais € essencial para o seu controle.

Ma rotina dos consultdrios os profissionais devem
incentivar acfes gue interfiram diretamente no
controle das condicbes oxidativas, como por
exemplo 3 alimentagdo saudavel, atividade fisica
regular, controle de enfermidades preexistentes.

Ma rotina cirdrgica, os cirurgides devern estar
atentos as comorbidades preexistentes, buscar
técnicas cirdrgicas capazes de reduzir injurias
desnecessarias, controle adeguades da dor e
atengdo 3os cuidados pos-operatorios. la os
anestesistas, devem se atentar a escolha dos
anestésicos, gquantidade de oxigénio utilizada
durante o procedimento cirurgico e sua duragdo.

Produto Técnico - Livreto explicativoPagina 04
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~» Diminuigdo da morbimortalidade;
Reducgac de doencas cronicas € degenerativas;

> Reducdo do tempo de internacdo, infecgGes hospitalares
e complicagdes pGs cirdrgicas;

~» Aumentc da expectativa e qualidade de vida.

Ao otimizar os cuidados levando em consideragdo o5 efeitos
deleterios do estresse oxidativo, contribuimos de forma ativa e a

longo prazo na saude e bem-estar dos pacientes.

N e

R0 %f : 23
R o oy i

Fonts g Imagem; Settyamages. Codige: 1429435388
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6 CONCLUSAO

Nossos achados sugerem que procedimentos cirdirgicos para esterilizacdo, induzem
alteracdes no perfil oxidativemcaes machos e fémeas. Observamos redugéo significativa na
atividade de enzimas antioxidantes apds o procedimento nos dois grupos. Embora apenas
reducdo da enzima GST tenha observado no grupo de fé&ssagrupo apresentou reducao
significativa na carbonilacdo de proteinas séricas, demonstrando um controle adequado de
danos oxidativos. Nossos achados reforcam a importancia da;avdlaperfil oxidativoem
animais, com énfase nagueles que serdo submetidos a cirurgias mais invasivas ou mesmo
animais com comorbidades.

Foi realizada a construcdo de um livreto explicativo com a finalidade de informar os
profissionais de saude e estudantes, a respeito do estresse oxidativo e a saude do paciente, bel
como seu envolvimento com varias patologias, estratégias e papel dos profissionais no seu

controle.
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August 02, 2020

Dear Editor,
| am pleased to submit the manuscript entitled “Oxidative profile of dogs submitted

to sterilization surgical procedures” to be considered for publication.

We believe the subject will be of interest to the audience of Preventive Veterinary
Medicine. The manuscript describes the oxidative effect in the perioperative. We
demonstrated that the serum oxidative profile of male and female dogs, before any
interference, was at similar levels. Male dogs showed a significant reduction in the
activity of CAT and GST enzymes after the end of the castration procedure. Only the
GST enzyme showed a significant reduction in activity in the group of female dogs
after the castration procedure. Although there was no alteration in the MDA marker,
resulting from lipid peroxidation, at the different times evaluated, there was a
significant reduction in protein carbonylation after the anesthesia and after the end of
the procedure. Our findings demonstrate that surgical procedures for sterilization of
male and female dogs induce oxidative changes. Only females showed reduction of
protein carbonylation, demonstrating the impact of the surgical procedure on the

oxidative profile of females during castration.

This manuscript describes original work and is not under consideration by any other
journal. All authors had substantial contributions in this research and participated
sufficiently in the work to take public responsibility for their content. This research
was performed with approval of the Animal Research Ethics Committee at the
Federal University of Vigosa (CEUA-UFV), number 15/2019. There are no conflicts of
interest in this work. We deeply appreciate your consideration of our manuscript, and
we look forward to receiving comments from the reviewers. If you have any queries,

please don’t hesitate to contact me.

Sincerely,

Silvia Almeida Cardoso (silvia.cardoso@ufv.br)
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ANEXO B - Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA O HVT-UFV

Eu
portador do RG n°: , telefone: ,

endereco: .

tutor/responsavel pelo animal: ,

espéecie: , raca: , Sexo registrado no

HVT sob o namero , autorizo a participacdo do animal como sujeito de

pesquisa para fins cientificos pelo Hospital Veterinario da Universidade Federal de Vigosa.
Apés esclarecimentos prévios, estou ciente da participacdo do animal no pib¢efd,
Oxidativo de cdes submetidos a procedimentos cirirgicos de esterilizacao” assim como a
utilizacao dos resultados dessa pesquisa em publicacao de artigos cientificos e divulgacdo em
eventos cientificos. Para fins de publicacbes e apresentacfes cientificas, a identidade do
tutor/responsavel e do animal serdo preservadas. Este estudo foi aprovado pela Comisséo de
Etica no Uso de Animais CEAU/UFV sob o protocolo n°15/2019.

Informo que a qualquer momento poderei suspender a participacdo do animal/paciente na
pesquisa e caso iSso ocorra, 0 mesmo nao sofrera prejuizos em seu tratamento ou retorno a est
instituicdo. Estou ciente que nao serei gratificado monetariamente e que néo receberei qualquer
outro beneficio pela participagdo na pesquisa.

Poderei receber mais informacdes sobre esta pesquisa caso deseje, e também poderei esclarect
minhas duvidas com o pesquisador responsavel.

Fui informado dos riscos especificos ao paciente durante a realizacdo do estudo em si e que
todos os procedimentos serdo realizados sob a supervisdao Médico Veterinario.

Concordo em seguir corretamente todas as recomendacgdes dos profissionais do HVT-UFV
durante e apos a utilizacdo do animal e, caso haja qualquer dano ao paciente referente ao nac
cumprimento dessas recomendagdes, nao responsabilizarei o HVT-UFV, tampouco seus

servidores e estudantes, pelo evento.

Assinatura do Tutor/Responsavel

Assinatura do Pesquisador



