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Apresentacao

Nitrato (NO'3) € um componente presente em varios fluidos biolégicos de
humanos, como na saliva, sangue, suor e lagrimas. Este pode ser reduzido a
nitrito (NO™,) e posteriormente convertido a 6xido nitrico (NO’), uma molécula
gasosa que possui papel importante em varios processos dos sistemas
nervoso, imunologico e cardiovascular. Especificamente sobre estes efeitos, o
NO" participa da regulacdo da pressao arterial (PA), homeostase da glicose e
do calcio, contratilidade muscular, funcao plaquetaria, angiogénese, e no
sistema nervoso, como um neurotransmissor, atuando na formacdo da

memoria.

Por outro lado, existe uma condicdo a qual nosso organismo sofre danos
moleculares, provinda de um efeito negativo sob o status redox. Tal processo é
chamado de “estresse oxidativo”, onde a producdo de agentes antioxidantes e
oxidantes encontra-se desequilibrada. Dentre outros estimulos hipertensivos, o
estresse oxidativo leva a um aumento inicial da PA. Sabendo que o NO' atua
positivamente no ambiente vascular, alguns estudos tém encontrado reducao
da PA apds a suplementacdo com nitrato. Entretanto, os efeitos da sua
suplementacdo sobre o estresse oxidativo ainda ndo estdo completamente

esclarecidos.

A partir deste cenario, vé-se a necessidade de um estudo da
suplementacdo com nitrato a fim de avaliar seu efeito sobre biomarcadores de
estresse oxidativo e de intensidade de exercicio, bem como na pressao arterial.
Assim, o presente estudo teve como objetivo a avaliagdo dos efeitos da
suplementacdo com nitrato de sédio, durante cinco dias, sobre biomarcadores
de intensidade de exercicio, estresse oxidativo e PA em homens fisicamente

ativos.

A apresentacdo da dissertacao foi dividida em dois capitulos, conforme
as normas do Instituto de Genética e Biogquimica e, a formatacdo seguiu as
normas da Associacéo Brasileira de Normas Técnicas, a ABNT. No capitulo 1,

€ apresentada uma revisdo bibliografica do assunto. JA no capitulo 2,



mostramos a metodologia utilizada, os resultados obtidos e a discussédo sob a

forma de um artigo, que seréa submetido a uma revista cientifica indexada.



Capitulo 1
Fundamentacao Teorica

3



Func6es e propriedades do Oxido Nitrico

Oxido nitrico € uma molécula gasosa, de sinalizaco, que possui baixa
solubilidade em solu¢des aquosas e também considerado um radical, porém
ndo tdo reativo como outras espécies de radicais (Butler, Flithey e Williams,
1995). Suas funcbes estdo situadas em varios sistemas do nosso organismo.
Na vasodilatacdo dependente do endotélio, o NO" é considerado como um
mediador, no qual sua acdo se da através do sistema arginina-NO-cGMP (Lee,
2000). FungBes no ambiente vascular também sdo atribuidas a uma das
enzimas responsaveis pela sintese de NO’, a NO sintase endotelial (eNOS),
onde sua atividade para a manutencdo da funcdo cardiovascular é crucial
(Totzeck et al., 2012). Esta enzima pode ser ativada através de um processo
fisiolégico, via forgca de cisalhamento, ou por moléculas de sinalizagdo, como
bradicinina, adenosina, fator de crescimento endotelial vascular endotelial e
serotonina (Deanfield, Halcox e Rabelink, 2007). No cérebro adulto, o NO atua
como mediador da resposta neurogénica na proliferacdo de células neonatais
durante a neurogénese (Carreira et al., 2015).

A importancia do endotélio para com o tbnus vascular ja esta bem
estabelecida. Nele, moléculas responsaveis pela dilatacdo e constricdo do vaso
sdo produzidas e liberadas para a manutencdo da saude vascular. Estes
processos “controlam” o suprimento de oxigénio para os tecidos, bem como a
demanda metabdlica. Mostrando uma interligac@o entre saude vascular e fluxo
sanguineo cerebral, por exemplo, evidéncias do efeito positivo do NO’ no
ambiente cerebrovascular foram encontradas em alguns trabalhos (Presley et
al., 2011); (Bond et al., 2013). Aléem disso, sabe-se também que doencas
cardiovasculares sofrem influéncia relacionadas a atividade da eNOS, que
desta forma, propde um importante papel do NO' sobre o desenvolvimento de

tais eventos (Forstermann e Munzel, 2006).

Sabendo que o NO' é o mediador predominante da homeostase
vascular (lantorno et al., 2014) e que o endotélio possui um importante papel
no equilibrio da saude vascular (Deanfield, Halcox e Rabelink, 2007), talvez

esta seja uma explicacdo do aumento sobre o estudo deste radical nas ultimas



décadas. Além da sua funcdo no relaxamento vascular, outra contribuicdo
encontra-se na inibicdo da agregacdo plaquetaria. Estes dois processos
compartilham o mesmo mecanismo de acdo no qual a sintese de NO" pelo
endotélio leva a ativacdo da guanilato ciclase soluvel (sGC) e um consequente
aumento da concentracdo de monofosfato ciclico de guanosina (cGMP) (Evora
et al., 2012).

A producdo de cGMP pela ligacdo do NO" ao heme da sGC pode ser
regulada alostericamente pelo GTP ou ATP. O aumento dos niveis de cGMP
levara a trés eventos — ligacdo a fosfodiesterases, canais ibnicos e a proteina
quinase dependente de cGMP (PKG) — que estdo envolvidos ndo somente a
mecanismo de vasodilatacdo e agregacdo plaquetdria, mas também de
neurotransmissao (Derbyshire e Marletta, 2009). Exatamente sobre o
mecanismo de vasorelaxamento, duas explicacbes sdo dadas atualmente.
Umbrello et al., (2013) explicam que através do aumento nos niveis de cGMP,
proteinas quinases sdo ativadas modulando as atividades quinases e
fosfatases da cadeia leve da miosina causando vasorelaxamento por uma
menor fosforilacdo da miosina. Ainda segundo estes autores, por outro lado, o
NO’ causa vasodilatacdo por uma reducdo do ténus vascular. Este mecanismo
ocorre via hiperpolarizacdo da membrana plasmatica causada pelo efluxo de
potassio. Este é causado pela abertura dos canais de potassio sensiveis ao
calcio e ATP, sob a acdo do cGMP.

Além disso, esta molécula de sinalizacdo também esta envolvida com
processos do sistema nervoso. Para tal afirmacao, um recente estudo mostrou
a participacdo do NO" como um forte modulador da transmissdo de sinapse
inibitoria (Yassin et al., 2014). Na verdade, quando a sintese de NO é derivada
da NO-sintase neuronal (nNOS), esta molécula atua como um
neurotransmissor associado a diversos eventos importantes para 0 Nnosso
sistema neural, como plasticidade neuronal, transmissédo dos sinais de dor e
liberacdo de neurotransmissor (Garry et. al., 2015). Ainda no sistema nervoso
central, aléem das funcdes acima citadas, o NO participa na formacao de
memoria, no comportamento reprodutivo tanto feminino quanto masculino,

além de funcbes motoras e sensoriais (Garthwaite, 2008).



Esta bem descrito na literatura que o NO possui um papel importante na
limitagdo de injuria oxidativa em células de mamiferos (Wink et. al., 2001). O
estresse oxidativo é uma situacdo pela qual ha um desbalanco entre a
producdo de espécies reativas de oxigénio (ROS, ex.: superéxido e peroxido) e
a habilidade dos sistemas biolégicos em combater intermediarios reativos (Lay
et. al., 2014), ou seja, um desequilibrio na producao de moléculas antioxidantes
e oxidantes. Desta forma, a producdo de ROS atua de forma impactante na
manutencdo da homeostase vascular. Neste caso, o superéxido (O,) gera
peroxinitrito (ONOQO™) — concomitante oxidagédo de um dos co-fatores da eNOS
— ao inibir a liberacdo de NO pelas células endoteliais, no qual acarretara um
desacoplamento da eNOS (Sharma, Bernatchez and De Haan, 2012). Este
desacoplamento diminui a capacidade da eNOS em produzir NO, podendo
estar envolvido com os niveis elevados de superoxido (Ding, Aljofan and
Triggle, 2007).

Produgdo enzimatica e ndo-enzimatica de Oxido Nitrico

O NO ¢ sintetizado endogenamente/enzimaticamente sobre o comando
da NO sintase (NOS) (Stuehr, 1999), que possui trés diferentes isoformas:
oxido nitrico sintase endotelial (eNOS), 6xido nitrico sintase neuronal (nNOS) e
oxido nitrico sintase induzivel (iNOS). Em tal reacdo, ocorre a catalise de L-
arginina, oxigénio e NAPH para a geracdo de NO, citrulina e NADP. Assim
como diversas enzimas, a familia da NO sintase necessita de co-fatores para
exercerem sua atividade. Além do NADPH, FAD e FMN, calmodulina (CaM) e
tetrahidrobiopterina (BH4) formam um complexo de co-fatores os quais estado

localizados no dominio amino-terminal oxidase ou carboxi-terminal redutase.

Os diversos locais de expressdo destas isoformas, confere ao NO
fungbes distintas. A eNOS é expressa no endotélio vascular e com isso, a
manuten¢do da microcirculacao cerebral e reducédo da proliferacdo do tecido
muscular liso fazem parte das acdes do NO sintetizado por esta isoforma
(Garry et. al., 2015). Ainda de acordo com estes autores, a NNOS e iINOS séo

expressas em células neuronais e macrofagos, células da glia e células



tumorais, respectivamente. O NO quando derivado da nNOS tem um
importante papel na neurotransmissdo em associagdo com plasticidade
neuronal, formacéo de memodria, transmissdo dos sinais da dor, dentre outros
(Garry et al., 2015). O que difere entre estas isoformas é o fato da dependéncia
de célcio (Ca®"). Enquanto a eNOS e nNOS s&o constitutivamente expressas e
dependentes de Ca**, a INOS é expressa em altos niveis apés inducdo por
agentes inflamatérios e ndo-dependente de Ca** (Andrew and Mayer, 1999).

Outro mecanismo importante que desempenha um papel no
desenvolvimento de algumas doencas esta relacionado ao desacoplamento da
eNOS. Este quadro é caracterizado pelo desacoplamento da eNOS a partir do
BH4, 0 qual é favorecido sobre condi¢Bes isquémicas resultando na geracao de
O, ao invés do NO. A reacdo do O, com o NO formara ONOO™, que é uma
neurotoxina, diminuindo a biodisponibilidade de NO (Garry et al., 2015). Tal
comprometimento foi encontrado em pacientes com disfuncdo endotelial
derivada da hipercolesterolemia e diabetes (Li et al., 2014). Além disso, sabe-
se que a reducao da biodisponibilidade de NO pode contribuir para quadros

como hipertenséo e aterosclerose.

Como ja mencionado, a via enzimatica da sintese de NO € dependente
de O,, bem como a maioria da geracdo de ATP para o metabolismo celular.
Tendo em vista que a saturacédo de O, a capacidade de transporte do mesmo
e o fluxo sanguineo séo fatores determinantes do fornecimento desta molécula
as células, uma forma de perceber a reducdo de tal fornecimento seria de
grande valia para manter niveis apropriados de O, nas células. Contudo, existe
um fator que possui um importante papel na resposta a hipoxia que sofre
influéncia do NO, o fator de hipoxia induzivel (HIF), que fornece um mecanismo
de resposta intracelular sensitivo a redugéao de O, (Semenza, 2012).

Entretanto, o NO também é sintetizado ndo enzimaticamente, favorecido
em condi¢bes de hipoxia, através do sistema de redugdo nitrato-nitrito-NO.
Nesta via, bactérias anaerdbicas facultativas presentes na cavidade bucal
utilizam o nitrato (NO3) como aceptor final de elétrons (alternativo ao processo
de respiracédo celular) reduzindo-o a nitrito (NO"). O nitrito segue ao estdémago,

onde, devido ao ambiente acido, podera ser reduzido ao NO e outras espécies



intermediarias reativas de nitrogénio (Lundberg and Weitzberg, 2010). Uma
parte do nitrito é absorvida no intestino que posteriormente entrara na
circulacdo aumentando sua concentragdo no sangue. Através do transporte
ativo, tanto o nitrato quanto o nitrito serdo captados da corrente sanguinea as
glandulas salivares. No geral, aproximadamente 25% do nitrato provindo da
dieta sdo captados pelas glandulas salivares. Na nossa dieta, 0s vegetais séo
fontes importantes de nitrato, sendo rdcula, alface, beterraba e espinafre os

gue possuem maiores concentracdes de nitrato (Hobbs et al., 2013).

Captacdo ativa de nitrato
provindo dos alimentos
ocorre nas glandulas
salivares

— J

Nitrato /nitrito vindos
dos alimentos

1

i\ 5
2 é Nitrato e nitrito no sangue

provindos dos alimentos e
da produgdo sistémica de

Redugdo do nitrato a
nitrito por bactérias na
cavidade oral.

No ambiente 4cido do
estdmago, nitrito é
reduzido ndo-

enzimaticamente a NO Absorg3o do nitrato e parte do Excrecdo de nitrato
nitrito é absorvido no pelos rins
intestino

Figura 1 — Circulacéo enterosalivar do nitrato. (1) Na cavidade oral, o nitrato derivado da dieta
€ reduzido a nitrito através das bactérias locais. (2) reducdo do nitrito a NO no ambiente acido
do estdbmago, onde (3) parte do nitrato e o nitrito que néo foi convertido a NO s&o absorvidos
pelo intestino e, entdo, (4) o nitrato é excretado pelos rins. (5) o nitrato e o nitrito presentes na
corrente sanguinea que sdo originados a partir da producéo sistémica de NO séo (6) captados
de forma ativa a partir da corrente sanguinea para as glandulas salivares dando reinicio ao
ciclo. Traduzida e adaptada de Lundberg, Weitzberg and Gladwin (2008).



Saliva, Oxido Nitrico e Exercicio

Sendo produzida por trés maiores glandulas, parotida, submandibular e
sublingual, além de outras centenas menores (Punyadeera, 2013), a saliva
possui diversas fungdes que compreende aspectos como emulsificacao de
alimentos, protecdo contra caries, acao antibacteriana, dentre outras. Através
do transporte ativo ou por difusdo passiva, componentes do sangue como
proteinas, peptideos e hormonios podem ser encontrados na saliva,
classificando-a assim, como um possivel ultra filtrado do sangue (Punyadeera,
2013). Entretanto, componentes presentes na saliva podem ser provindos nao
apenas do sangue, mas também por secrecdo das proprias glandulas

salivares.

Quando comparada ao sangue, a saliva possui diversas vantagens em
relacdo ao seu método de coleta, como por exemplo, o carater ndo invasivo, a
facilidade de manuseio, além da facilidade de coleta sem ajuda de um
profissional especializado. Com isso, a utilizacdo da saliva para monitoramento
durante o exercicio fisico tem aumentado consideravelmente nas ultimas

décadas.

Segundo Lundberg & Govoni (2004), a saliva contém concentracdes de
nitrato cerca de 10 a 20 vezes mais do que no plasma. A utlizacdo da
suplementacdo com nitrato ou dietas ricas em nitrato tem recebido bastante
atencdo tanto no que se refere a doencas quanto em situacdes de exercicio.
Tais estratégias possuem o objetivo de aumentar a concentracdo de nitrito
(Webb et al., 2008), proporcionando a avaliacédo dos efeitos do NO. O exercicio
mesmo de forma aguda parece também aumentar a concentracao de nitrito/NO
(Maeda et al.,, 2004; Santana et al., 2013), talvez através do estresse de
cisalhamento causado pelo aumento da velocidade do fluxo sanguineo

induzido pelo exercicio.

Um dado interessante foi recentemente encontrado por Diaz et al. (2013)
através de analises plasmaticas e salivares de atletas. Neste estudo, houve
uma correlagédo entre NO,™ salivar e niveis séricos de lactato desidrogenase e

creatina kinase (marcadores de lesdo muscular), sugerindo a utilizacdo de NO



na saliva como um possivel marcador de intensidade de exercicio e que talvez

seja mais um importante papel do NO em situacdes de exercicio.

Estudos vém demonstrando possiveis efeitos do NO sobre a presséo
arterial e alguns parametros relacionados a capacidade de exercicio de atletas
e nao-atletas. Ao suplementar nove homens treinados com 0.1 mmol de nitrato
de sodio, Larsen et al. (2007) encontraram reducdo significativa na pressao
arterial quando comparado ao grupo controle (cloreto de sodio) apds trés
semanas de suplementacdo. Um efeito parecido foi encontrado por Kapil et al.,
(2014) ao suplementar 21 sujeitos com nitrato de potassio, o qual encontraram
uma reducédo tanto da pressao arterial sistélica quando da diastdlica durante 24
horas de coleta. Em ambos os estudos acima citados, a reducédo da presséo
arterial parece ter sido acompanhada por um aumento da concentracdo de
nitrito. Avaliando o efeito do nitrato na presséo arterial e indice de resisténcia
cerebrovascular, Bond et al. (2013) suplementaram doze mulheres saudaveis
com 500 mL de suco de beterraba — 0 qual possui concentracdes consideraveis
de nitrato — e as submeteram a um teste progressivo na bicicleta. Como
resultados, os pesquisadores encontraram reducdo significativa na pressao
arterial sistolica e no indice de resisténcia da artéria cerebral média no grupo

beterraba e sugeriram nitrato como um possivel tratamento para hipertenséo.

Se tratando de parametros relacionados a capacidade de exercicio e
performance, os trabalhos tém mostrado um efeito positivo da suplementacao
com nitrato, sendo ela organica ou inorganica. Bailey et al. (2010) avaliaram o
efeito da suplementacdo com 0.5 L de suco de beterraba como fonte de nitrato
apos o exercicio de extensdo de joelho, afim de elucidar mecanismos que
explicassem a reducéao do custo de O, durante o exercicio. Como resultado,
através de uma eletromiografia integrada, eles encontraram uma melhora na
tolerancia ao exercicio de alta intensidade sendo reflexo da reducédo atenuada

da concentragcéo muscular de fosfocreatina e redugao do custo de O,.

Em outro estudo, buscando avaliar o efeito agudo e crbnica da
suplementacdo com nitrato, oito sujeitos saudaveis receberam durante quinze
dias 0.5L de suco de beterraba (5.2 mmol de nitrato por dia) ou 0.5L de suco

de groselha preta como placebo. Os individuos realizaram o teste no ciclo
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ergbmetro, pedalando em intensidade moderada a 90% do limiar de troca
gasosa. Além do aumento da concentracdo plasmatica de nitrito, os autores
encontraram uma reducado significativa da presséao arterial e do custo de O,
sugerindo o efeito agudo da suplementacédo nestes parametros sendo mantido

por pelo menos quinze dias (Vanhatalo et al., 2010).

Entretanto, resultados de outros trabalhos vdo de encontro com tais
resultados citados acima. Bescos et al. (2012) suplementaram treze homens
ciclistas atletas n&o-profissionais com nitrato de sédio (10mg.Kg™ de massa
corporal) e o placebo foi cloreto de sddio na mesma concentracdo. A duracao
da suplementacao foi de trés dias. O teste consistiu em pedalar o maximo de
distancia possivel durante 40 minutos. Como resultado, estes autores
encontraram nenhuma diferenca na performance dos atletas diante a
suplementacdo com nitrato. Outros trés trabalhos encontraram o mesmo
resultado, concluindo que a suplementacdo com nitrato sendo ela organica ou
inorganica nao melhorou a performance dos participantes (Larsen et al., 2010;
Bescos et al., 2011; Wilkerson et al., 2012).

Para tentar explicar tais divergéncias entre os possiveis efeitos da
suplementacdo em relacdo a performance, alguns aspectos precisam ser
discutidos. O primeiro diz respeito ao tempo total que a suplementacdo foi
administrada. Os trabalhos tém evidenciado que para que haja algum efeito na
performance, a suplementacdo deve ser considerada pelo menos por sete dias.
O segundo aspecto diz respeito ao tipo de teste a ser utilizado, englobando o
tempo de duracao e a intensidade aplicada, ja que tem sido sugerido que a via
nitrato-nitrito-NO € principalmente ativada sobre condicbes de acidez e
anaerobicas. Outros dois aspectos se referem ao nivel de condicionamento e

ao aumento do nitrito no plasma apos a ingestéao.
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Estresse Oxidativo, Oxido Nitrico e Exercicio

Alguns mecanismos sdo conhecidos por produzirem potenciais
oxidantes, como por exemplo: A reacdo de Fenton (reacdo 1), um processo
que gera radicais hidroxila com alto potencial de oxi-reducdo; as espécies
reativas de nitrogénio (RNS, ex.: peroxinitrito); e a peroxidacao lipidica

(cascatas de reacdes provindas de radicais livres).
Fe? + H,0, > Fe*" + 'OH + *OH (Reacdo 1)

O NO exerce sua propriedade antioxidante ao eliminar os oxidantes
produzidos na reacdo acima, 0s equivalentes redutores fornecidos pelo
superoxido (O;) ou também prevenindo a reacado do perdxido (Wink et al.,
2001). Entretanto, estas acfes por parte do NO parece ter duas “faces”.
Peroxinitrito (ONOO™), que possui um carater oxidante, pode ser gerado
através da reacdo do NO com o Oy, mas este tipo de reacdo parece ter uma

relacdo com taxa relativa de producéo destes dois radicais.

No nosso organismo, a producéo de ROS acontece a todo tempo, porém
em niveis que ndo sado lesivos a qualquer estrutura que compde NnosSsos
sistemas. Isso fez com o0 que, ao longo da nossa evolugcdo, defesas
antioxidantes fossem desenvolvidas. Durante a producdo de ATP, processo
indispensavel para a nossa sobrevivéncia, mecanismos como a reducdo de
elétron do oxigénio molecular, fazem com que o O, seja produzido
frequentemente e fisioldgicamente durante a respiracao celular na mitocéndria,
classificando-a como uma fonte eminente de producdo de ROS. Por assim
dizer, a mitocondria possui uma enzima especifica, a superéxido dismutase
dependente de manganés (MnSOD), que converte O, em peréxido de
hidrogénio (H,O,) onde na presenca de ferro forma uma espécie altamente
reativa, o radical hidroxila (OH®) (Green et al., 2004). Além disso, sabe-se que
no reticulo sarcoplasmatico (RS) cardiaco e do musculo esquelético ha
presenca das enzimas NAD(P)H oxidases, que é fonte de geracdo de O,. A
producdo de O, derivada destas enzimas parece influenciar na liberacdo de
calcio no RS via oxidacdo do receptor de rianodina (Powers and Jackson,
2008).
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Ja esta bem estabelecido que o exercicio fisico agudo prolongado e de
alta intensidade aumenta a produ¢édo de ROS além de RNS, contribuindo assim
para o estado do balanco redox muscular. Contudo, h& pesquisadores
sugerindo que, 0 estresse oxidativo induzido pelo exercicio cronico €
interessante, uma vez que tal inducdo favorecera a adaptacdo das defesas
antioxidantes (Nojima et al., 2008; Syu et al., 2011). Este efeito adaptativo se
torna de extrema importancia, uma vez que a producao exacerbada de agentes
oxidantes causa um desbalanco no estado redox, e consequentemente sérios

danos as células, DNA e tecidos, inclusive o tecido muscular.

A escassez de trabalhos que objetivam avaliar o efeito da
suplementacdo com nitrato sobre parametros de estresse oxidativo parece ser
0 atual cenério. Entretanto, um estudo teve como objetivo testar o possivel
efeito terapéutico da suplementacédo com nitrato em modelo de doenca renal e
cardiovascular ao avaliar marcadores de estresse oxidativo. Os autores
encontraram que tal suplementacdo na concentracdo de 0.1 ou 1 mmol.Kg
! dia™ foi capaz de reduzir os niveis de malondialdeido, de VI F2-isoprostanos
(iPF2a-VI1) e 8-hidroxi-2-desoxiguanosina (8-OHdG) no plasma e na urina,

sugerindo o efeito protetor do NO sobre tais doencas (Carlstrom et al., 2011).

Desta forma, vé-se a necessidade de maior exploracdo do tema a fim de
elucidar os possiveis efeitos do nitrato sobre os marcadores de estresse
oxidativo, uma vez que tais marcadores possuem um importante papel no
desenvolvimento de algumas doencas e também no que diz respeito a

parametros que envolvam alteracdes causadas pelo exercicio.
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Capitulo 2

Effects of sodium nitrate supplementation on
exercise intensity and oxidative stress markers and
hemodynamic variables in physically active male

subjects.

(Formato segundo as normas da revista International Journal of Sports Medicine)
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Resumo

Este estudo avaliou os efeitos da suplementacdo com nitrato sobre marcadores
de intensidade de exercicio e de estresse oxidativo, e variaveis hemodinamicas
em homens fisicamente ativos. Quatorze sujeitos foram submetidos a quatro
testes com um intervalo de cinco dias entre eles. A suplementacdo com nitrato
(grupo NO) e placebo (grupo PL) foi aguda (AC) e durante os cinco dias
seguintes (FD). A saliva foi coletada no basal (0'), sessenta minutos apos a
suplementacdo (60", imediatamente apdés o teste (90), quinze, trinta e
sessenta minutos apos o teste (105", 120 'e 150'). O grupo NO teve maiores
concentragdes de nitrito em ambos os tratamentos, quando comparados com o
grupo PL. Além disso, a area abaixo da curva mostra que o grupo NO teve o
perfil das concentracbes de acido urico e FRAP superior e o perfil da presséo
arterial sistolica inferior no FD. No entanto, ndo houve diferenca entre os
biomarcadores intensidade de exercicio. Os resultados sugerem que a
suplementacdo com nitrato agiu indiretamente como um antioxidante e
modulou a pressdo arterial sistOlica, caracteristicas positivas para a saude

vascular.

Palavras-chave: Suplementacdo com nitrato; 6xido nitrico; estresse oxidativo;

pressao arterial; Saliva; Exercicio.
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Abstract

This study evaluated the nitrate supplementation effects on exercise intensity
and oxidative stress markers and hemodynamic variables in physically active
male subjects. Fourteen subjects were submitted to four tests with an interval of
five days between them. The nitrate (NO group) and placebo supplementation
(PL group) were acute (AC) and during the following five days (FD). Saliva was
collected at basal (0’), sixty minutes after supplementation (60’), immediately
after exercise (90’), fifteen, thirty and sixty minutes after test (105, 120’ and
150’). NO group had higher concentrations of nitrite in both treatments when
compared with PL group. Furthermore, the area under the curve of NO group
shows that the uric acid and FRAP concentrations had a higher profile and a
lower systolic blood pressure profile in FD. However, there was no difference
between the exercise intensity biomarkers. The results suggest that nitrate
supplementation indirectly acted as an antioxidant and modulated the systolic
blood pressure, positive characteristics for vascular health.

Keywords: Nitrate supplementation; nitric oxide; oxidative stress; Blood

Pressure; Saliva; Exercise.
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Introduction

Studies have shown an increase in the use of nitrate supplementation
and its possible effects on many human’s systems. Nitrate when derived from
diet may be reduced to nitric oxide through nitrate-nitrite-NO reductor system.
Furthermore, the NO synthesis, maybe achieved endogenously/enzymatically
by reduction of L-arginine to L-citrulline, controlled by three different isoforms of
nitric oxide synthase (NOS) (Stuehr, 1999), which are: endothelial nitric oxide
synthase (eNOS), neuronal nitric oxide synthase (nNOS) and inducible nitric
oxide synthase (iNOS).

The endothelium plays a critical role in the regulation of vascular health,
which is responsible for the release of some vasoactive mediators, such as
nitric oxide, prostacyclin and endothelium-derived hyperpolarizing factor, that
act on relaxation of the vascular wall (Félétou and Vanhoutte, 2006).
Furthermore the factors above mentioned, to maintain vascular function, the
endothelium controls the balance of anti-inflammation and proinflammation,
antioxidation and prooxidation, antithrombosis and prothrombosis. On the other
hand, endothelial dysfunction could be due to decreased eNOS expression and
many others molecular defects that could be responsible for reductions in
endothelium-dependent vascular relaxation (Forstermann and Munzel, 2006).
Perhaps, it could explain the association between endothelial dysfunction and

the presence of cardiovascular risk factors.

Despite nitrate and nitrite are biological precursors of NO, which may
result in an increase of its bioavailability (Sidler et al., 2014), nitrate
supplementation has been used as a strategy to increase the nitrite
concentration (Vanhatalo et al.,, 2011), which may also increases the NO
concentration. Some predictions have already been found depending on the NO
level. According to Rassaf et al. (2007), high levels of plasma NO during
exercise may predict the aerobic capacity in trained men. However, low
concentrations of NO have been found in subjects with hypertension and type |
diabetes, suggesting that alterations in the NO pathway have negative healthy

impacts, which may lead to diabetes and hypertension (Ayub et al., 2011).
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Oxidative stress, characterized as an imbalance between the production
of reactive oxygen species (ROS) and the ability of biological systems to
combat reactive intermediates (Lay et al., 2014), also seems to play a role in
the development of some diseases. The endothelial dysfunction, which is a
particular feature found in cardiovascular diseases, may be affected by the
increase of ROS production or by the reduction of NO production (Higash et al.,
2013). However, there is a dual-effect involving NO and the oxidative system,
upon which NO can acts both as an oxidizing and antioxidant agent. In the first
case, the superoxide radical can bind to NO, producing a potential oxidant
known as peroxynitrite (Wink et al., 2001). NO exerts its antioxidant property by
eliminating oxidants produced in the Fenton reaction and reducing equivalents
provided by superoxide (O,-), or also preventing the reaction of peroxide (Wink
et al., 2001).

Considering the impact caused by oxidative stress on the endothelium
via NO bioavailability reduction (Touyz, 2004), our hypothesis is that nitrate
supplementation will: 1) increase nitrite concentrations, thus inferring the
concentration of NO; 2) act as a possible antioxidant; 3) modulate blood

pressure; and 4) improve the levels of exercise intensity biomarkers.

Methods

Subjects

Subjects were recruited from Federal University of Uberlandia and from
some gym of the city. Subjects were 14 male (age 22.07+3.29 years), physically
actives, non smokers and that took no kind of supplementation. The incremental
test was performed to evaluate the maximal load and then to prescribe the main
tests load. The experimental protocol was approved by the Institutional Review
Board.
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Design

In total, there were five visits. The first one was carried out an
assessment of body composition by bioelectrical impedance (BIA balance-pole,
Tanita BC558), familiarization with the cycle ergometer (Bike Mechanics
Braking, CEFISE, Campinas, SP) and realization of the incremental test to
prescribe the subsequent tests load. The four following visits were to the
achievement of physical tests, performed under the same conditions with
controlled temperature (22 ° C), always in the morning (8:00 to 12:00). For the
tests, the volunteers were instructed to abstain from any kind of physical activity
for a period of 24 hours, but they were allowed to keep their training routine
during the week. They were also instructed to maintain the usual diet and asked
to elaborate a reminiscent diet from last 24 hours. Each test was repeated after
five days. At the end of the second test, there was a washout period with seven
days and return to conduct two identical further tests. Supplementation followed
the same model, with the volunteer ingesting one capsule per day (Figure 1). A
low diet rich in foods containing nitrate (green vegetables, beets, strawberry,
grape and tea) was recommended 24 hours prior to tests. Furthermore, the
subjects were asked to avoid the consumption of alcohol, caffeine-based

products and other stimulants for the same period.

Supplementation

Participants were randomly assigned in a double-blind crossover study,
received a dose of sodium nitrate (NO group, 10 mg. Kg-1 body weight) or
placebo (sodium chloride, PL group) contained in capsules. Both capsules were
indistinguishable in appearance. On the first day (AC), individuals took the
capsule after the baseline collects (one hour before the test) and were
instructed to take them every day in the morning (an hour after breakfast). On
the fifth day (FD), the intake happened in the same way as the first day. The

volunteers had a washout period of seven days, when no supplementation was
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taken. The following week, they returned to the lab for another five identical

days, but getting the other supplement.

Incremental Test

The incremental test until voluntary exhaustion was applied to specify the
physical tests load. This test consists in increments of 35 watts every two
minutes and a fixed rotation of 70 rpm. The criteria for test completion followed
the recommendations of the American College of Sports Medicine (Garber et.
al., 2011). The maximum power reached in the test was calculated from the
following formula according to Stegmann et. al.,1981.

Main Tests

Later tests consisted in thirty minutes with 50% of maximum load
maintaining 70 rpm. In all tests, the heart rate (HR) was monitored through a
frequency counter (Polar RS800CX) and the blood pressure (BP) by a pressure
gauge (OMRON HEM 7200). The points of these samples were: basal (0'), one
hour after the supplement (60'), immediately after the test (90 ') and 15 (105",
30 (120 ), 45 (135") and 60 (150 ') minutes after the test.

Saliva sampling and handling

Saliva was collected in collection vials with no exogenous stimulation
using the guidelines proposed by Granger et al., (2007). Subjects were
instructed to accumulate saliva naturally without extreme movements of the oral
region. Each subject received a 15 mL collection tube where the spit was
deposited for one minute. Then, the samples were placed on ice and
transported to the laboratory to be centrifuged. The supernatant was aliquoted
and stored at -80°C.
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Determination of [NO]

Nitric oxide content was determined by measuring the formation of nitrite
using the Griess reaction (Granger, 1996). Equal volumes of saliva and Griess
reagent (1%sulfanilamide and 0.1% N-(1-naphthyl)
ethylenediaminedihydrochloride in 2.5% phosphoric acid) were incubated at
room temperature for 10 minutes. Absorbance was measured at 570 nm using
a microplate reader, in duplicate. The content of nitrite was calculated based on

a standard curve constructed using sodium nitrite (NaNO5).

Salivary total protein concentration and protein profile

The concentration of total protein in each sample was determined using
the Bradford method, according to a standard curve constructed using bovine
serum albumin (BSA) (Bradford, 1976). Absorbance was measured at 595 nm
using a microplate reader (Molecular Devices, Menlo Park, CA, USA) and all

samples were assayed in duplicate.

Salivary alpha-amylase concentration

To avoid possible effects of salivary flow rate on the concentration of
proteins, 10 ug of total protein from each sample was loaded onto 5-22%
denatured SDS-PAGE. Proteins were separated and transferred onto
nitrocellulose membranes for 2 hours at 100 mA at 4°C. Membranes were
blocked for 4 hours at 4°C in blocking buffer (5% non-fat dry milk in PBS w/v)
and incubated overnight at 4°C with a homemade affinity purified polyclonal
rabbit anti-human sAA antibody (dilution 1:5000). Membranes were
subsequently incubated with secondary antibodies for 3 hours, and alpha-
amylase was detected using ECL reagents. Densitometric analyses of the spots
were performed using ImageJ (US National Institutes of Health, Bethesda,
Maryland, USA). The area of the pixels from each spot was determined in

triplicate and the mean values were used for statistical analyses.
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Salivary lactate concentration

Salivary lactate was analyzed by an electroenzymatic method using a
biochemical analyzer YSI 2300 STAT plus (Yellow Springs, Ohio, USA). A
volume of 25 pL was used for the determination of salivary lactate

concentration. The samples were analyzed in duplicate.

Salivary uric acid concentration

Salivary uric acid concentrations were measured with a kit supplied by
Labtest (Brazil), according to the manufacturers' instructions. Uricase is used in
the assay to transform uric acid into allantoin and hydrogen peroxide. Hydrogen
peroxide in the presence of peroxidase reacts with 4-aminoantipyrine and
DHBS, forming the chromogenantipirilqguinonimine that is read at 505 nm; the

samples were analyzed in duplicate.

Salivary total antioxidant capacity

Total antioxidant capacity was evaluated by assessing the reduction of
iron in its ferric state (Fe3+) to its ferrous state (Fe2+) at low pH (Benzie and
Strain, 1999). This process forms an intense blue color complex, iron-
tripiridiltriazina (TPTZ), which was analyzed spectrophotometrically at 593 nm,
in duplicate. Total antioxidant capacity was calculated based on a standard
curve constructed using 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox).

Lipid peroxidation

Lipid peroxidation was assayed by measuring TBAR products by the
method of Walls et al. (1976), adapted to microplate. Trichloroacetic acid 50%
(w/v) was added to saliva supernatant, followed by incubation and centrifugation
at 3000 rpm for 10 min. Then, the supernatant was removed and was added
0.75% thiobarbituric acid 0.75% in 0.1 M-HC1. The samples were heated at 90-
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95°C for 20 min and centrifuged for 10 min. The supernatant was removed and
the pink chromophore was assayed spectrophotometrically at 532 nm, in
duplicate. The standard curve was prepared with malonaldehydebis
(dimethylacetal) hydrolysed with 6M-HC1.

Salivary superoxide dismutase activity

Superoxide dismutase (SOD) activity was evaluated kinetically according
to the inhibition of the reaction of superoxide radical with pyrogallol (Marklund,
1985). SOD activity was determined by measuring the oxidized pyrogallol
formation rate, spectrophotometrically at 420 nm every 15 seconds for 10 min,

in duplicate.

Statistic Analyses

Data were tested for normality using the Shapiro-Wilk test prior to
analyses. No transformations were necessary for any of the variables. The
concentration of all analytes at each sampling time was averaged and
compared between groups using One-Way ANOVA followed by Tukey as post-
test for parametric values, and Kruskal-Wallis followed by Dunn’s as post-test
for nonparametric values. The area under the curve (AUC) was used as
temporal analysis of the variables. For all analyses, significance level was p =

0.05. Results are shown as means + SEM.

Results

Subject’s habitual physical activity program and dietary intake was similar
during all experiment period. As expected, none side effects were reported.

Baseline characteristics and maximal load of subjects are given in Table 1.
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Table 1 - Baseline characteristics and maximal load. Data are mean + SEM.

Age 22.07+0.88
Body weight 69.36+3.00
Fat mass 14.82+1.53
Lean mass 56.88+1.52
BMI (Kg/m?) 22.93+0.94
Maximal load (watts) 243.6+0.11

Salivary [NO7]

The mean values of salivary [NO,] are shown in Figure 2. The
individuals who were supplemented with sodium nitrite capsule containing 10
mg/Kg of body weight had an increase of salivary nitrite concentration both in
AC and FD, compared to placebo group (Fig. 2A and 2B). Furthermore, the
area under curve of NO group was significantly higher than the PL group, both
in AC and FD (Fig. 2C and 2D).

Heart Rate

The figure 3 shows that the two groups had the same FC profile in both
treatments. As expected, there was a significant difference only at post-test
(Fig. 3A and B).

Systolic and Diastolic Blood Pressure

The results of systolic and diastolic blood pressure are presented in
Figure 4. The acute treatment did not cause changes in systolic or diastolic

blood pressure between the treatments (Figure 4A; B; C and D). However, in
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FD (Figure 4E; F; G and H), the systolic blood pressure of NO group was lower
over time when compared to PL group, as observed by area under curve
presented in Figure 4F.

Exercise Intensity Biomarkers

Salivary Lactate, alpha-amylase and Total Protein (TP)

There was no difference in salivary lactate concentration in both groups
at different treatments (5A, 5B, 5C, 5D). The mean values of salivary total
protein concentration were shown in Figure 6. Although has occurred an
increase in total protein levels at all points in relation to baseline, there was no
significant difference intra/inter groups (Fig 6A, B, C and D). In the same way,
the salivary alpha-amylase concentration was not affected by the treatments, as

shown in Figure 7.

Oxidative Stress Markers

Salivary [Uric Acid], Total antioxidant capacity, Lipid Peroxidation and SOD

The mean values of salivary uric acid concentration are presented in
Figure 8. Although there was no difference between the points collection of
supplementation, the concentration of uric acid in DF was higher over time in
NO group than in the PL group, but not in AC treatment (Figure 8A and 8C).
Thus, in relation to FD, the area under curve in NO group was significantly
higher (Fig. 8D), a result that was not found in AC (Figure 8B). Furthermore, the
NO group submitted to FD treatment showed higher basal uric acid
concentration than the AC treatment (Figure 8E); however, this was not seen for

PL group (Figure 8F).

Figure 9 shows that while there was no difference in salivary total

antioxidant capacity intra/inter groups (Figure 9C), the area under curve in FD
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was higher in NO group than the PL group (Figure 9D). This result was not
observed for AC (Figure 9A and 9B).

As shown in Figure 10, there was no difference in lipid peroxidation
between the groups and treatments (Figure 10A, 10B, 10C and 10D). Likewise,
SOD activity has not changed inter/intra groups (Figure 11A, 11B, 11C and
11D). Apparently, the basal SOD activity seems to be increased in both of the
groups submitted to FD treatment, but no significance was observed (data not

shown).

Discussion

The main result of the present study was that five days of sodium nitrate
supplementation increased basal salivary concentration of uric acid, increased
total antioxidant activity during the test and modulated systolic blood pressure,
suggesting prolonged sodium nitrate supplementation as an antioxidant agent
which also exerts a positive effect on vascular health. Furthermore, both AC
and FD treatments were able to increase salivary nitrite concentration during all
tests. In regard to exercise intensity biomarkers, acute or prolonged nitrate
supplementation was not able to alter them. Another result was observed: the
exercise was not able to induce oxidative stress. This finding is supported by
the findings of Vifia and colleagues (2000), claiming that oxidative stress occurs
only in exhaustive exercise. It makes sense when we analyze lactate levels

found in this study.

Uric acid is considered one of the most important natural antioxidant
agents in humans, which has distinct roles in various pathological conditions.
Being considered as final product of catabolism of purines, its production is
through the enzyme xanthine oxidase, which uses molecular oxygen as electron
acceptor for such reaction. Supporting one of our hypotheses, after five days of
supplementation the NO group showed a higher concentration profile of this
acid when compared to the placebo group. Furthermore, the basal uric acid
concentration increased significantly in FD treatment's NO group when
compared with AC in the same group. This increase can be explained from the

33



results found in the work of Squadrito and colleagues (2000). According to
these authors, peroxynitrite generated in the reaction of NO with superoxide can
react with CO, generating reactive intermediates (CO3” e 'NO,) which can be
removed directly by uric acid. Thus, uric acid would be exercising its function as
an antioxidant agent. Future studies become necessary to investigate deeper
this mechanism in healthy subjects. However, taking into consideration the
correlation of plasma concentration of uric acid and salivary (Deminice et al,
2010; Kondakova et al, 1999), this acid level achieved in the present study did

not feature a hyperuricemia status.

The total antioxidant capacity reflects the ability which an organism has
to keep a balance between oxidants and antioxidants or even repair the
damage caused when the production of oxidants is found in greater proportions.
However, the increase in uric acid concentrations in FD found only in the NO
group seems to have been accompanied by an increase in total antioxidant
capacity behavior. The FRAP method consists of the ferric reducing ability of a
biological fluid when, at low pH, the ferritripiridiltriazina complex (Felll-TPTZ) is
reduced to the ferrous form (Fell) (Benzie and Strain, 1996). These results are
combined when taking into account the estimated components that contribute to
the FRAP values, which it is known that uric acid is about 60% of the total
antioxidant capacity (Benzie and Strain, 1996).

However, even finding no differences in lipid peroxidation nor in SOD
activity, the results seem to favor an indirect antioxidant effect by the nitrate
supplementation. Our hypothesis that peroxynitrite is formed by the reaction
between superoxide and NO, would be accompanied of the increase in uric acid
concentrations in order to eliminate the free radicals so formed. Although it was
a different mechanism to the one found in this study, an antioxidant effect was
found by Carlstrém et al. (2011) to supplement with nitrate rats with induced
hypertension. Thus, future studies are needed to investigate levels of
superoxide and peroxynitrite formation in such conditions, which could give
support to this hypothesis and also check deeper into mechanisms by which NO
act as antioxidant in humans.

Lipid peroxidation is considered a consequence of excess of reactive

species production, and is used as a parameter for determining the level of
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oxidative stress. The nitrate supplementation did not change this parameter,
suggesting that, for the concentration of nitrite found as a result of
supplementation, a pro-oxidative character compromising the level was not
evidenced. In addition to other sources of oxidative stress when are
overproducted, lipid peroxidation has a relevant role in the development of
several diseases, including neurodegenerative diseases (Pisoschi and Pop,
2015).

Confirming one more of our hypotheses, NO group had higher nitrite
concentrations compared to placebo in both treatments. Our results confirm
those which show that the nitrate supplementation, organic or inorganic, has
been reported to increase the plasma concentrations so as salivary nitrite
(Larsen et al., 2014). It is well accepted that the nitrate and nitrite are no longer
considered just finishing products of NO synthesis via L-arginine, but also those
who initiate such a synthesis. In the oral cavity, facultative anaerobic bacteria
uses nitrate as a final electron acceptor, reducing it to nitrite. At the stomach
acid environment, nitrite may be reduced to NO (Omar et al., 2012). As such,
the process reducing nitrate-nitrite-NO may be an explanation for the increase
in nitrite concentration, then NO, suggesting increased consumption of nitrate-
rich foods and its supplementation as possible strategies to achieve higher
levels of NO.

Among the various properties of NO in our organism, the one referred to
vascular health was part of the objectives of this study. Although a difference in
basal blood pressure has not been found, the systolic blood pressure in the FD
of NO group showed a higher reduction profile compared to placebo group. This
blood pressure lowering effect can be derived from the NO synthesis (Kelm,
1999), which important role in vascular health is already well accepted. NO
causes vascular relaxation through mechanisms that are dependent on cGMP
levels, activation of protein kinase pathway, leading to less phosphorylation of
myosin; or via calcium-sensitive potassium and ATP-sensitive channels
(Umbrello et al., 2013). Studies have demonstrated that diseases such as
hypertension and diabetes are correlated with the levels of NO (Hobbs et al,
2013; Ayub et al, 2011), and in addition, such levels can predict aerobic
capacity in trained men (Rassaf et al., 2007). Regarding the results of baseline
BP, we believe that, due to the fact of the volunteers are young and healthy, the

35



concentration of NO released in these conditions is enough to maintain the
balance of vascular function.

Our results showed that sodium nitrate supplementation failed to reduce
any exercise intensity biomarker, going against our last hypotheses. Studies
have shown that nitrate supplementation improves exercise capacity in human
through mechanisms such as reducing the cost of O2 during exercise,
improvement of muscle contractility and reduced muscle disorder (Berry et al.,
2014; Breese et al., 2013; Cermak et al., 2012; Lansley et al., 2011; Vanhatalo
et al., 2011). Although the assessment of exercise capacity was not one of our
goals, our hypothesis was that, along with improved ability to perform an
exercise, the nitrate supplementation could also reduce the concentrations of
exercise intensity biomarkers. In regard to these markers, our results are
supported, for example, by those that found no difference between plasma
lactate concentration after nitrate supplementation (Larsen et al., 2007).

According to the results found in this study, we conclude that acute
sodium nitrate supplementation did not alter any parameters. However,
prolonged nitrate supplementation provided an indirect antioxidant effect and
modulated the systolic blood pressure profile in healthy and physically active
subjects, stressing an important role of NO for vascular health.
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Figures and legends

5-d suplementation with NaNO; or NaCl 5-d suplementation with NaNGQ; or NaCl

samples collect - samples collect

- ./ Tdays - -
. T1 T2| wash-out T3 T4
. = incremental test |:| = physical exercise

Figure 1. Eschematic representation of the experimental design. Firstly, subjects
performed an incremental test (black square). Main tests were performed with an interval of 5
days between them and 7 days of wash-out period was applied between second and third tests
(T1, T2, T3 and T4). The supplementation was acute (AC) and during 5 days (FD). Saliva was
collected at basal (0), sixty minutes after supplementation (60’), immediately after exercise

(90"), fifteen, thirty and sixty minutes after test (105’, 120’ and 150’).
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FD treatments. Systolic blood pressure [BP; AC (A) and FD (E) treatments]. Diastolic BP in AC
(C) and FD (G) treatments. "Difference from 60’ (P < 0.05). Systolic BP area under curve in AC
(B) and FD (F) treatments. Diastolic BP area under curve in AC (D) and FD (H) treatments
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Figure 5 — Salivary lactate concentration during AC (A) and FD (C) treatments. Area under
curve of AC (B) and FD (D) treatments.
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Figure 6 — Salivary TP concentration during AC (A) and FD (C) treatments. Area under curve of
AC (B) and FD (D) treatment.
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Figure 8 — Salivary Uric Acid concentration during AC (A) and FD (C) treatments. Area
under curve in AC (B) and FD (D) treatments. "Difference from PL group. Baseline uric acid
concentration between groups (NO group, E; PL group, F); "Difference from treatments P <

0.05). "Difference between AC and FD treatments on basal uric acid concentration (p<0.05).
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Figure 9 — Total antioxidant capacity (FRAP) during AC (A) and FD (C) treatments.

Area under curve in AC (B) and FD (D) treatments. "Difference from PL group (P < 0.05).
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Figure 10 — Lipid Peroxidation (TBARS) during AC (A) and FD (C) treatments. Area

under curve in AC (B) and FD (D) treatments.
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Figure 11 — Salivary SOD activity during AC (A) and FD (C) treatments. Area under
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Efeito da suplementacdo com nitrato de sodio sobre biomarcadores de intensidade de
exercicio, estresse oxidativo e variaveis hemodinamicas de homens fisicamente ativos

Pesquisador: Foued Salmen Espindola

Area Tematica:

Versdo: 3

CAAE: 37346514.7.0000.5152

Instituigdo Proponente: Instituto de Genética e Bioquimica
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Namero do Parecer: 1.067.144
Data da Relatoria: 10/04/2015

Apresentagio do Projeto:

a proposta do estudo e avaliar o efeito da suplementacdo aguda e apos uma semana com nitrato de sodio
sobre biomarcadores de intensidade de exercicio, estresse oxidativo e variaveis hemodinamicas. A amostra
sera composta por 14 homens (20 - 30 anos) fisicamente ativos. Os individuos serdao submetidos
primeiramente @ um teste incremental na bicicleta ergométrica para estipularmos a carga maxima.
Posteriormente, os mesmos realizardo quatro testes de esforgo submaximo (70% da carga maxima) na
bicicleta durante 30 minutos com intervalo de 5 dias entre os testes. A suplementacéo sera aleatonamente
administrada com nitrato de sodio ou placebo (cloreto de sodio) a 10 mg. kg-1 de peso corporal de forma
duplo cego cruzado durante 5 dias e com um intervalo de uma semana (washout). Serdo avaliados
biomarcadores de intensidade de exercicio, marcadores de estresse oxidativo, pressido arterial e frequéncia
cardiaca.

Hipotese: Qlue a suplementacdo com nitrato de sodio ira reduzir os niveis de biomarcadores de intensidade

de exercicio, marcadores de estresse oxidativo e pressdo arterial.

Objetivo da Pesquisa:
Segundo o projeto:
Objetivo Primario: Investigar o efeito da suplementag&o com nitrato de sodio sobre biomarcadores

Endereco: Av. Jodo Naves de Awila 2121- Bloco "{A", sala 224 - Campus Sta. Mdnica

Bairro: Santa Ménica CEP: 35.408-144
UF: MG Municipio: UBERLANDIA
Telefone:  (34)3239-4131 Fax: (34)3239-4335 E-mail: cep@propp.ufu.br
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Confinuagio do Parecer: 1.067.144
de intensidade de exercicio, estresse oxidativo e variaveis hemodinamicas.

Objetivo Secundario: Avaliar niveis de alfa-amilase, nitrito, lactato, acido Urico, bem como marcadores do

estresse oxidativo e comportamento da presséao arterial e frequéncia cardiaca.

Avaliagao dos Riscos e Beneficios:

Segundo os pesquisadores:

Riscos: Com relacdo ao teste fisico agudo, ndo ha relatos na literatura sobre eventuais problemas fisicos ou
psiquicos, durante ou apas os testes. Embora a probabilidade de lesfes ocorrerem serem minimas,
acreditamos que os individuos poderdo alcancar niveis de fadiga e cansaco maiores do que seu habitual
devido aos esforcos submaximos que serdo submetidos durante os testes fisicos.

Beneficios: Redugdo da presséo arterial e melhora do desempenho durante os testes.

Comentarios e Consideragoes sobre a Pesquisa:

Projeto interessante que faz parte do trabalho do pesquisador: linha de pesquisa.
Consideragoes sobre os Termos de apresentagio obrigatoria:

Adequados.

Recomendagodes:

Conclusoes ou Pendéncias e Lista de Inadequagoes:

As pendéncias apontadas no parecer 989.147, de 17 de Marco de 2015, foram atendidas.

De acordo com as atribuigdes definidas na Resolugcdo CNS 466/12, o CEP manifesta-se pela aprovacdo do
pratocolo de pesquisa proposto.

O protocolo ndo apresenta problemas de ética nas condutas de pesquisa com seres humanos, nos limites
da redacdo e da metodologia apresentadas.

Situagdo do Parecer:
Aprovado

Necessita Apreciagdo da CONEP:
Nao
Consideragdes Finais a critério do CEP:

Data para entrega de Relatorio Final ao CEP/UFU: novembro/dezembro de 2015.

Endereco: Av. Jodo Naves de Awila 2121- Bloco " A", sala 224 - Campus Sta. Mdnica

Bairro: Santa Ménica CEP: 38.408-144
UF: MG Municipio: UBERLANDIA
Telefone: (34)3239-4131 Fax: (34)3239-4335 E-mail: cep@propp.ufu.br
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