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Resumo:

Introdugao: Frutas e verduras contém muitos compostos com potencial
atividade antioxidante. Em um estudo com ratos, o consumo de uma receita de
suco verde por 15 dias sugeriu um efeito benéfico sobre o estado redox do
organismo, assim como reduziu o ganho de massa corporal nesses animais
em, aproximadamente, 20%.

Objetivos: Avaliar o efeito de uma receita de suco verde no metabolismo de
adultos, a fim de identificar novas fontes dietéticas preventivas e novas terapias
adjuvantes para a obesidade e para doengas crénico-degenerativas.

Material e Métodos: Este foi um ensaio clinico controlado randomizado
unicego. O recrutamento dos voluntarios com idades entre 18 e 59 anos foi por
anuncios na Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA). Suco verde (grupo experimental) ou placebo (grupo controle) foram
consumidos de segunda a sexta-feira, entre 8 e 9 horas da manha, na
quantidade de 300 ml, durante 60 dias (exceto sabados e domingos). Para
avaliar efeitos do suco verde no metabolismo, foram analisados: a) glicemia,
perfil lipidico plasmatico, fungcdo renal e funcdo hepatica; perfil redox; enzimas
antioxidantes; conteudo proteico; b) antropometria; ¢) bem-estar e ansiedade.
As avaliacbes foram feitas antes do dia de inicio da suplementacdo, no
trigésimo dia e no sexagésimo dia.

Resultados: Ao estudarmos os efeitos de uma receita de suco verde, ndo
houve diferengas significativas entre os grupos estudados.

Conclusodes: Propriedades dietéticas de sucos de frutas e vegetais sdo uma
area de significativo interesse. Junto a analise de trabalhos prévios, este

estudo sugere que as pessoas que consomem essa receita de suco verde nao



VII

apresentam significativa melhora do perfil metabdlico, o que n&o justifica a
interrupcdo de investigagdes futuras, através de nova intervengdo ou com outra

amostra.
Palavras-chave: antioxidantes; estresse oxidativo; promocdo da saude;

radicais livres; suco verde.



1. Introducgao:

Nos Ultimos anos, uma atencdo crescente tem sido dedicada ao papel da
dieta na saude humana. Varios estudos epidemioldgicos indicam que a alta ingestao
de produtos vegetais esta associada com uma redug&o no risco de uma variedade
de doencas crbnicas como aterosclerose e cancer. Esses efeitos tém sido
particularmente atribuidos aos compostos que possuem atividade antioxidante. Os
principais antioxidantes nos vegetais s&o as vitaminas C e E, os carotenoides e os
compostos fendlicos, especialmente os flavonoides. Esses antioxidantes neutralizam
radicais livres e inibem a cadeia de iniciacdo, ou interrompem a cadeia de
propagacédo das reagdes oxidativas promovidas pelos radicais (Podsedek, 2007;
Nunez-Cérdoba e Martinez-Gonzalez, 2011). Além disso, os flavonoides podem agir
como pré-oxidantes no trato gastrointestinal e como antioxidantes em sistemas de
cultura celular (Halliwell, 2008). Segundo Silva e cols. (2010), acredita-se que fibras
alimentares associadas a vitaminas, a minerais e a compostos fendlicos
antioxidantes podem estar correlacionadas a reducéo no risco de doengas cronicas.

Foi relatado que o consumo de verduras e de frutas esta inversamente
associado ao risco de muitas doencas crbnicas, e os fitoquimicos antioxidantes em
verduras e em frutas sdo considerados responsaveis por esses beneficios a saude.
Os antioxidantes fitoquimicos podem ser encontrados em muitos alimentos e plantas
medicinais e desempenham um importante papel na prevencao e no tratamento de
doencgas crénicas causadas pelo estresse oxidativo. Frequentemente, eles possuem
forte capacidade antioxidante e removedora de radicais livres, assim como agao anti-
inflamatéria, que sdo fundamentais para beneficios anticancerigenos,
antienvelhecimento e de protecdo contra doengas cardiovasculares, diabetes,

obesidade e doengas neurodegenerativas (Zhang e cols., 2015).



As frutas e verduras contém muitos compostos com potencial atividade
antioxidante como as vitaminas C e E, carotenoides, clorofilas, e uma variedade de
antioxidantes fitoquimicos como compostos fendlicos simples, glicosideos e
flavonoides (Pellegrini e cols., 2007). Os compostos fendlicos sado formados no
metabolismo secundario dos vegetais e possuem fungdes de defesa contra o ataque
de pragas. Ja, em humanos e animais, tem-se observado que esses compostos
fendlicos sdo capazes de reagir com ER e de formar radicais estaveis. Esse poder
de neutralizagdo dos compostos fendlicos € devido a sua estrutura quimica formada
por, pelo menos, um anel aromatico com grupamentos hidroxilas (Giada e cols.,
2006).

Polifendis sao, provavelmente, as moléculas de interesse nutricional mais
investigadas (Gonzalez-Aguilar e cols., 2011). Essas moléculas demonstraram
varios efeitos bioldgicos, tais como os testados in vitro ou ex vivo. Elas podem inibir
a proliferagdo de células cancerosas, reduzir a vascularizagdo, proteger os
neurbnios contra o estresse oxidativo, estimular a vasodilatacdo e melhorar a

secrecao de insulina (Ferguson e cols., 2004; Silva e cols., 2008).

1.1 Espécies Reativas

A produgdo de espécies reativas de oxigénio (ERO), de nitrogénio (ERN),
entre outras espécies reativas (ER), € parte integrante do metabolismo humano e é
observada em diversas condigdes fisiologicas. ERO e ERN tém importante fungéo
biolégica, como na fagocitose, fendbmeno em que essas espécies sdo produzidas
para eliminar o agente agressor. Por outro lado, quando ocorre um aumento na sua
produgdo, o organismo dispde de um eficiente sistema antioxidante que consegue

controlar e restabelecer o equilibrio. O estresse oxidativo resulta do desequilibrio



10

entre o sistema pré-oxidante e o sistema antioxidante (Finkel e Holbrook, 2000;
Schafer e Buettner, 2001), com predominio dos oxidantes, com consequente dano.
A célula, unidade da vida, € uma verdadeira usina de pro-oxidantes e de

antioxidantes (Figura 1).

1.1.1 Acao de ER sobre macromoléculas

Em sistemas biologicos, a membrana celular constitui um dos focos de
atuacao de ERO, de ERN e de outras ER e sua fungao é vital para a célula (Figura
1). Além da membrana que envolve a célula, as membranas das organelas
intracelulares, tais como mitocéndria, reticulo endoplasmatico e nucleo, apresentam
uma estrutura bilipidica e uma variedade de proteinas e agucares (Barreiros e cols.,
2006). O dano celular resulta basicamente de ataque de ERO e ERN sobre as

macromoléculas, tais como glicideos, DNA, proteinas e lipideos.
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Citoplasma

(A) Xantina oxidase,
hemoglobina,
riboflavina,
catecolaminas.

Metais de transigdo
Fe'' e Cu'®

(B) Vitamina C, GSH,
CuZn SOD, GPx, GT,
ferritina, metalotioneina)

gy ol Nucleo
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Reticulo endoplasmatico e lisossomas (A) Oxldas,es e
(A) Citocromo P450, enzimas hidroliticas flavoproteinas
dos lisossomas. (B) Catalase

(B) Vitamina E, B-caroteno

Complexo de Golgi
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(B) Vitamina E, GSH, MnSOD, GPx
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(A) Prostaglandina sintase
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(B) Vitamina E, Bcaroteno

Figura 1: A célula como fonte de ER. (A) Fontes celulares de ERO, ERN e outras, por agao de varias
enzimas. A capacidade de uma via especifica produzir ER varia com o tipo de célula e com o dano
em curso; por exemplo, na fagocitose, as NADPH oxidases da membrana de neutréfilos e macrofagos
s&o particularmente ativadas e reduzem O, a O, (anion superdxido) a partir de um “burst’ respiratério
necessario para eliminar o agente agressor. (B) Distribuicdo de antioxidantes, enzimas de
desintoxicagdo e proteinas de ligagdo a metais de transicdo que compreendem o sistema de defesa
dentro das membranas e organelas celulares. Adaptado de Vasconcelos e cols., 2007.



12

Vinte e cinco anos atras apontou-se que os antioxidantes so influenciariam
significativamente um processo de doenga se os radicais livres (RL) ou outras ER
contribuissem significativamente para a progressao da mesma (Halliwell e
Gutteridge, 1984). Agora, a evidéncia sustenta a opinido que o aumento da
formacdo de RL é normalmente uma consequéncia do dano tecidual por uma
doenga ou toxina (Halliwell e Gutteridge, 2007; Halliwell, 2009). As vezes contribui
significativamente, mas frequentemente ndo e, em alguns casos, ERO podem estar
exercendo um papel protetor, através de regulagdo decrescente da inflamagao por
exemplo (Hultqvist e cols., 2009; Halliwell, 2006; Hagenow e cols., 2009; Tang e
cols., 2009; Hultqvist e cols., 2006; Zmijewski e cols., 2009). Sob tais circunstancias,
supondo que um antioxidante administrado poderia alcangar o local de formagao
aumentada de ERO, no melhor dos casos afeta marginalmente dano tecidual
secundario e poderia até ser deletério (Halliwell e Gutteridge, 2007; Bjelakovic e
cols., 2004; Bjelakovic e cols., 2008; Hultqvist e cols., 2009; Halliwell, 2006;
Hagenow e cols., 2009). As vezes pré-oxidantes podem ser mais benéficos (Tang e
cols. 2009; Hultqvist e cols., 2006; Zmijewski e cols., 2009), como a ag¢ao dos
flavonoides no trato gastrointestinal (Halliwell, 2008).

A maior mudanca nos ultimos 25 anos é a consciéncia publica com relagao
aos antioxidantes. Em 1984, apenas alguns cientistas eram conhecedores nesta
area, enquanto hoje antioxidantes sao citados por grande parte da midia publicitaria

de alimentos e de suplementos (Gutteridge e Halliwell, 2010).

1.2 Balanco Redox
Oxidacdo é um ganho de oxigénio ou uma perda de elétrons, enquanto a

reducdo € uma perda de oxigénio ou um ganho em elétrons. Os chamados "pro-
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oxidantes" promovem dano oxidativo em sistemas de modelos laboratoriais
enquanto os antioxidantes inibem (Gutteridge e Halliwell, 2010; Scott, 1993; Bartosz,
2003).

O balango redox em liquidos bioldgicos, organelas, células ou tecidos é
determinado pela presenga de pares redox responsaveis pelo fluxo de elétrons.
Esses sofrem frequentes interconversdes entre o estado reduzido e o oxidado.
Alguns desses pares redox sao interligados (‘redox cycling”), outros constituem
sistemas redox independentes. O balanco redox, na célula, relaciona-se a soma dos
produtos do potencial de reducdo e da capacidade redutora de uma série de pares
redox, acoplados, presentes. A capacidade redutora pode ser estimada pela
determinacdo da concentragdo de espécies reduzidas em um par redox e, O
potencial de redugdo, pelo emprego da Equagdao de Nernst (Schafer e Buettner,
2001).

Mudangas no balango redox de sistemas biolégicos podem causar o estresse
oxidativo (Schafer e Buettner, 2001). A intensidade e patogenicidade desses
desequilibrios vao depender, naturalmente, das concentragdes locais e espécies pro
e antioxidantes, das constantes de velocidade de reagdao com moléculas-alvo e da
compartimentalizagao celular desses processos, em que fatores de solubilidade e de

difusibilidade sdo determinantes (Gow e Ischiropoulos, 2001).

1.3 Defesas Antioxidantes
O termo antioxidante pode ser definido de varias maneiras, dependendo dos
métodos utilizados para medir a atividade antioxidante. Para refletir essa importancia

da metodologia, antioxidante pode ser definido como “qualquer substéncia que
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atrasa, impede ou remove danos oxidativos a uma molécula alvo” (Halliwell e
Gutteridge, 2010).

Para minimizar os danos causados a macromoléculas e tecidos, os
organismos vivos fazem uso de moléculas antioxidantes que limitam o estresse
oxidativo promovido pelas ER quando o nivel de oxidacdo ultrapassa o limite
aceitavel. Esse mecanismo de defesa pode desintoxicar o microambiente dos
agentes oxidativos antes mesmo que esses possam causar uma lesdo ou mesmo
bloquear a producdo das ER. Sdo essas moléculas antioxidantes que permitem ao
eritrocito resistir aos ataques oxidativos, impedindo a peroxidagao lipidica acelerada
e outros danos celulares tais como a inativagao proteica (Tedesco e cols., 2000).

O sistema antioxidante é classificado em enzimatico e ndo-enzimatico. O
enzimatico é representado, principalmente, pelas enzimas antioxidantes: superéxido
dismutase (SOD), a qual catalisa a dismutagdo do anion radical superéxido (02") a
peréxido de hidrogénio (H2O2) e oxigénio (O); catalase, (CAT) cujo sitio ativo
contém um grupo heme e atua na decomposicédo de H2O2 a Oz e H2O; e a glutationa
peroxidase (GPXx), que atua sobre perdxidos em geral, com utilizagdo da glutationa
(GSH) como cofator (Cimen, 2008).

O sistema antioxidante ndo-enzimatico € formado por varios compostos, com
destaque para a GSH, principal substdncia antioxidante intracelular; para os
tocoferdis (vitamina E), moléculas que exibem, qualitativamente, a atividade
biolégica do o-tocoferol (composto mais potente e, geralmente, a forma
predominante) que atua bloqueando a etapa de propagacgao da peroxidagéao lipidica
dos acidos graxos poli-insaturados tanto das membranas quanto das lipoproteinas; e
para o ascorbato (vitamina C), molécula que atua ou, diretamente, como antioxidante

sobre as ERO em ambiente biolégico aquoso, impedindo a inicializacdo da
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peroxidacdo lipidica e resultando na formacdo do anion radical ascorbila ou,
indiretamente, por regenerar a vitamina E, que atua como antioxidante na fase
lipofilica da membrana (Cimen, 2008; Vasconcelos e cols., 2007).

Existem ainda outras moléculas antioxidantes tais como o acido urico, o acido
tanico, o B-caroteno, além de proteinas de transporte de ions de metais de transigéo,
como a transferrina (transporte de ferro) e a ceruloplasmina (transporte de cobre e
oxidacgéo do ferro para ser captado pela transferrina (Vasconcelos e cols., 2007)).

Esse sistema de defesa atua frente as ER, mas se torna insuficiente quando
as reservas de antioxidantes estdo baixas e a quantidade de ER esta em excesso.
No entanto, o papel exato desses componentes da dieta na manutengdo da saude e

na prevengao de doengas ainda é incerto (Palafox-Carlosb e cols., 2011).

1.4 Estresse oxidativo e doengas crbnicas

Um desequilibrio entre a geracdo de ERO e sistemas de defesa antioxidante
parece ser um fator importante em doengas crbnicas como doencgas
cardiovasculares, cancer, diabetes e muitos outros devido a interrupgdes na sintese,
reparo e manutencdo do DNA, proteinas, lipideos e outros componentes celulares
afetados por ERO (Higashi e cols, 2009).

Ha fortes evidéncias de que o estresse oxidativo tem importdncia capital nos
processos de envelhecimento, na transformacdo e na morte celular, com
consequéncias diretas em muitos processos patolégicos, entre eles, a indugdo do
cancer e a propagacédo da AIDS em pacientes soropositivos (HIV+), bem como na
fisiopatologia de muitas doengas crénicas, entre elas, doengas autoimunes,
cardiopatias, cancer, doencas do pulmdo, intoxicacdo por xenobidticos e muitas

outras (Tabela 1), (Vasconcelos e cols., 2007). Por outro lado, é também fato
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reconhecido que ERO e ERN desempenham papéis fisiologicos importantes como o
controle da pressdo sanguinea, na sinalizagdo celular, na apoptose, na fagocitose
de agentes patogénicos, na fertilizagdo de ovos e no amadurecimento de frutos
(Vasconcelos e cols., 2007).

O reconhecimento dessa relacdo estimulou o desenvolvimento de estudos de
marcadores de dano oxidativo e de substadncias antioxidantes em sistemas
biolégicos.

O interesse de encontrar antioxidantes naturais aumentou consideravelmente
desde que pesquisas mostraram o impacto que esses compostos tém na geréncia
de uma variedade de circunstancias clinicas e na manutengdo da saude (Kim SY,
2012). Sucos de vegetais sdo uma boa fonte de muitos compostos antioxidantes
biologicamente ativos (Kiefer e cols., 2004).

Guias para promoc¢ao da saude e prevencao de doencgas dos Estados Unidos
e ao redor do mundo incluem recomendacbes para consumir uma variedade de
frutas e de vegetais cada dia, pois eles fornecem quantidades significativas de
nutrientes, especialmente vitaminas, agucares, minerais e fibras (Dumbrava e cols.,
2011; Slavin e Lloyd, 2012; Hyson, 2015). Evidéncias sugerem uma associagao
entre uma dieta rica em frutas e vegetais e uma melhora na saude, bem como
reducdo do risco de doengas crénicas graves em seres humanos (Slavin e Lloyd,
2012). Além disso, pesquisas em andamento demonstram que compostos bioativos
em fontes vegetais modulam processos importantes relacionados a doenga através
de uma variedade de mecanismos (Liu, 2013).

Uma via alternativa para consumir quantidades apropriadas de frutas e de

verduras € escolher bebidas como sucos. Nos ultimos anos, a demanda por essas



Tabela 1. Doencas selecionadas, relacionadas ao estresse oxidativo

Doencgas

Natureza do Envolvimento com ER

Aterosclerose, Sindrome de Bloom,
Sindrome de Down,

Kwashiorkor, Doenga de Keshan

Doenca de Parkinson, estados toxicos
causados por alcool, fumo,
CCl4 eftc.

Doenca de Alzheimer, Asma, Artrite
reumatdéide, asbestose, Sindrome de
Insuficiéncia Respiratoria do Adulto

Esclerose multipla

Doenca granulomatosa cronica

Diabetes mellitus, anoxia, injuria
da reperfusao, pré-eclampsia

Hipertensao arterial sistémica

Hemocromatose idiopatica, talassemia,
anemia falciforme, doenca de Wilson

Doenca granulomatosa cronica,
Deficiéncia de enzimas antioxidantes
(Acatalassemia, por exemplo)

Falha ou consumo excessivo de
defesas antioxidantes.

Uso de drogas e toxinas. Na doenga
de Parkinson as toxinas produzidas
estariam envolvidas com a producao
de radicais livres.

Produgdo de 0., H,O, e HCIO por
células fagociticas ativadas.

Perturbagao estrutural da célula. As
hemacias tornam-se mais susceptiveis
a agao dos radicais livres.

Defeito genético no sistema

antioxidante.

Oxidagdo anormal de substratos ou
mudangas na concentracdo de
oxigénio.

Producao de Oz~ por NADPH/NADP
oxidase.

Transferéncia de elétrons ao oxigénio
por metais de transigao.

Defeito genético no sistema
antioxidante, especificamente o]
sistema NADPH oxidase.

Adaptado de Vasconcelos e cols., 2007.
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bebidas vem aumentando em muitos paises (Singh e cols., 2015). Embora seja
universalmente aceito que a ingestao de frutas e de vegetais € protetora, ndo ha um
consenso claro sobre os efeitos de consumir os sucos que sao extraidos deles
(Ruxton e cols., 2006; Slavin e Lloyd, 2012).

E importante esclarecer que a denominacéo suco verde (SV) esta consagrada
na populagdo como o termo utilizado, vulgarmente, para se referir a uma bebida
preparada ao se liquidificar mecanica ou eletricamente algumas frutas, além de
vegetais verde-escuros como a couve, a qual se encontra na grande maioria das
receitas publicadas em meios de comunicagao diversos. A ingesta de sucos verdes
esta disseminada entre a populagdo, entretanto ndo ha consenso quanto a sua
composicdo. Relacionado a efeitos desintoxicantes, o seu uso vem associado ao
termo “detox”, oriundo de uma abreviagdo da palavra de lingua inglesa
“detoxification”, usada como adjetivo de sucos verdes.

O SV objeto deste estudo contém frutas como magéd Gala (Malus domestica
Borkhausen), laranja-do-céu (Citrus sinensis (L.) Osbeck) e vegetais verdes como
alface (Lactuca sativa), couve (Brassica oleracea — cultivar Acephala), repolho
(Brassica oleracea — cultivar Capitata) e pepino (Cucumis sativus). Foi demonstrado,
em um estudo com ratos, que o consumo dessa receita de SV por 15 dias diminuiu a
peroxidagao lipidica e a atividade da enzima antioxidante CAT, sugerindo um efeito
benéfico do suco sobre o estado redox do organismo. Ainda, foi verificado que o SV
reduziu o ganho de massa corporal nesses animais em aproximadamente 20%,
indicando que essa suplementacdo poderia ter um efeito benéfico na protegao
contra a obesidade (Oliveira e cols., 2013).

A patologia das inumeras doengas crbnicas, incluindo cancer, diabetes,

doencgas cardiovasculares e hipertensao, envolve dano oxidativo em componentes
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celulares. Como o estresse oxidativo e a obesidade séo fatores negativos presentes
na maioria dessas doencas crbnicas, € possivel que o SV e seus componentes,

incluindo os antioxidantes, possam auxiliar no combate e/ou prevengdo dessas

patologias.
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2. Objetivos:
2.1 Objetivo Geral

Avaliar o efeito de uma receita de Suco Verde no metabolismo de adultos.

2.2 Objetivos especificos

Determinar, nos individuos suplementados ou ndo com o SV durante 9
semanas, os seguintes parametros:
1. Perfil lipidico plasmatico através da determinagcdo do colesterol total, da
lipoproteina de alta densidade (HDL) - colesterol, da lipoproteina de baixa densidade
(LDL) - colesterol, da proteina de muito baixa densidade (VLDL) - colesterol e de
triacilgliceréis, antes do dia de inicio da suplementagdo, no trigésimo dia e no
sexagésimo dia.
2. Glicemia antes do dia de inicio da suplementagdo, no trigésimo dia e no
sexagésimo dia.
3. Parametros hematologicos antes do dia de inicio da suplementagdo, no trigésimo
dia e no sexagésimo dia.
4. Funcdo renal e hepatica por meio da determinagdo plasmatica de ureia,
creatinina, aspartato-aminotransferase (AST), alanina-aminotransferase (ALT) e
lactato desidrogenase (LDH), antes e depois da suplementacéo.
5. O efeito do SV sobre o equilibrio redox por meio da determinagao plasmatica de
ER de acido tiobarbiturico (TBARS), do conteudo de carbonilas e sulfidrilas (SH) e
da determinagdo em eritrécitos das enzimas SOD, CAT, antes da suplementagao, no

trigésimo dia e no sexagésimo dia.
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6. Avaliar o estado nutricional através da afericdo das medidas antropométricas de
peso, estatura, circunferéncia abdominal e calculo do indice de massa corporal
(IMC), antes da suplementacéo, no trigésimo dia e no sexagésimo dia.

7. Avaliar indicadores de ansiedade, bem-estar percebido e autoeficacia antes do dia

de inicio da suplementagdo e no sexagésimo dia.
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Abstract

Objective: Fruits and vegetables contain many compounds presenting potential
antioxidant activity. In a study with rats, the consumption of a green juice recipe for
15 days suggested a beneficial effect on redox state, as well as reduced weight gain
in these animals by approximately 20%. The objective of this study was to evaluate
the effect of a green juice recipe in adult metabolism in order to identify new
preventive dietary sources and new therapies for obesity and chronic degenerative
diseases. Design: This was a single-blind randomized controlled clinical trial. Setting:
Recruitment and data were, respectively, made and collected at the Federal
University of Health Sciences of Porto Alegre (UFCSPA). Participants: Fourteen of
them in the juice group and thirteen controls, with the mean age of 31.07 and 30.15
respectively. Intervention: Green juice (experimental group) or placebo (control
group) were consumed from Monday to Friday, between 8 and 9 am, in the amount
of 300 mL, for 60 days (except Saturdays and Sundays). Measurements: To verify
the effect of green juice on metabolism were evaluated: a) glicemia, plasma lipid
profile, renal function and liver function; redox profile, antioxidant enzymes; b)
anthropometry; c¢) well-being and anxiety. Evaluations were made before the day of
starting supplementation, on the thirtieth day and the sixtieth day. Results: Our study
did not show a significant difference between the treatments. Dietary properties of
vegetable and fruit juices are an area of significant interest. Conclusion: Together
with an analysis of previous works, we suggest that green juice did not show a
metabolic function improvement and there is a need to call for further research on

this issue, mainly through different intervention and other samples.

Key words: antioxidants, free radicals, health promotion, juices, oxidative stress.
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Introduction:

In the last decade, preventive medicine has undergone a great advance,
especially in developed countries. Research has demonstrated that nutrition plays a
crucial role in the prevention of chronic disease, as most of them can be related to
diet. Functional food enters the concept of considering food not only necessary for
living but also as a source of mental and physical well-being, contributing to the
prevention and reduction of risk factors for several diseases or enhancing certain
physiological functions (1). A food can be regarded as functional if it is given to it an
extra function which is often related to health improvement.

The main antioxidants in vegetables are vitamins C and E, carotenoids and
phenolic compounds, especially flavonoids. These antioxidants absorb free radicals
and inhibit the initiation chain or interrupt the chain of propagation of oxidative
reactions promoted by radicals (2, 3). Epidemiological studies have shown a close
correlation between fruit consumption and a reduction in the risk of chronic diseases.
It is believed that the combination of vitamins, minerals, phenolic antioxidant
compounds and fiber is responsible for the desired effect (4).

Antioxidant phytochemicals can be found in many foods and medicinal plants,
and play an important role in the prevention and treatment of chronic diseases
caused by oxidative stress. They often possess strong antioxidant and free radical
scavenging abilities, as well as anti-inflammatory action, which are also the basis of
other bioactivities and health benefits, such as anticancer, anti-aging, and protective
action for cardiovascular diseases, diabetes mellitus, obesity and neurodegenerative
diseases (5).

The production of reactive oxygen species (ROS), nitrogen (RNS), among

other reactive species, is an integral part of human metabolism and it is observed in
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several physiological conditions. ROS and RNS have important biological function, as
in phagocytosis, a phenomenon in which reactive species are produced to eliminate
the attacker agent. The organism has an efficient antioxidant system that is able to
control and maintain the balance. However oxidative stress results from imbalance
between pro and antioxidant system (6, 7), with a predominance of oxidants,
presenting consequent damage.

To minimize damage to macromolecules and tissues, living organisms use
antioxidant molecules that limit oxidative stress promoted by ROS when oxidation
level exceeds the acceptable limit. This defense mechanism can detoxify the
microenvironment of oxidative agents even before they can cause injury or block
ROS production. It is these antioxidant molecules that allow erythrocyte to resist
oxidative attacks, preventing accelerated lipid peroxidation and other cellular damage
such as protein inactivation (8).

The antioxidant system is classified as enzymatic and non-enzymatic. The
enzymatic one is represented mainly by antioxidant enzymes: superoxide dismutase

(SOD), which catalyzes the dismutation of superoxide radical anion (O2") to

hydrogen peroxide (H202) and Og; catalase (CAT) whose active site contains a heme
group which acts on decomposition of H,O, to O, and H2O; and glutathione
peroxidase (GSH-Px), which acts on peroxides in general, by use of glutathione
(GSH) as cofactor (9).

The non-enzymatic antioxidant system consists of several compounds, with
emphasis on GSH, the main intracellular antioxidant substance; on tocopherols
(vitamin E), molecules that qualitatively exhibit the biological activity of a-tocopherol
(the most potent compound and usually the predominant form) that works by blocking

the propagation stage of polyunsaturated fatty acids’ (from membranes and
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lipoproteins) lipid peroxidation; and on ascorbate (vitamin C), a molecule that acts
directly as an antioxidant on ROS in an aqueous biological environment, preventing
initiation of lipid peroxidation and resulting in ascorbyl radical anion formation or
indirectly by regenerating vitamin E, which acts as an antioxidant in the lipophilic
phase of the membrane (9,10).

There are also other antioxidant molecules such as uric acid, tannic acid, B-
carotene, as well as transition metal ion transport proteins such as transferrin (iron
transport) and ceruloplasmin (copper transport and oxidation of Iron to be captured
by transferrin (10).

The intake of green juices is widespread among the population, however there
is no consensus as to its composition. The Green Juices have aroused great interest
of the researchers, because its components present different functional properties
assisting the immune system and reducing the action of ER that lead to the
appearance of several diseases.

Green juice, object of this study, contains fruits such as apple Gala, orange
and green vegetables such as lettuce, cabbage and cucumber (Cucumis sativus). It
has been demonstrated in a study with rats that the consumption of this green juice
recipe for 15 days decreased the lipid peroxidation and the activity of the antioxidant
enzyme CAT, suggesting a beneficial effect of the juice on the redox state of the
organism. Furthermore, it was found that green juice reduced weight gain in these
animals by approximately 20%, indicating that this supplementation could have a
beneficial effect on protection against obesity (11).

The aim of this study was to verify the effect of green juice on human
metabolism, through the evaluation of biochemical parameters, redox profile, BMI

(Body Mass Index) and well-being.
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Methods
Population

The investigated sample was composed of individuals from the academic
community of the Federal University of Health Sciences of Porto Alegre (UFCSPA).
The target population consists of healthy adults of both sexes aged between 18 and
59 years. Smokers, holders of a pathology, anyone making use of any dietary as well
as vitamin and/or mineral supplement, individuals who have any kind of allergy or
intolerance to juice components and/or placebo were excluded. Informed consent
was previously applied to the volunteers. The present study was approved by

UFCSPA'’s Ethics Committee (Protocol Number 1.074.266).

Study design

This study was characterized as a single-blind randomized controlled trial.
Individuals were subjected to supplementation with a recipe of fruits-and-vegetables
juice (supplemented group) or an artificial green beverage of powdered gelatin and

powdered drink mixes (control group, placebo).

Procedures

The selected individuals were divided into two groups: a) control group
(placebo): individuals who received gelatin juice (300 ml / day); b) supplemented
group: individuals who received the green juice (300 ml / day). The administration of
gelatin juice (control group) or green juice (supplemented group) was held for 9
weeks from Monday to Friday, from 8 to 9 AM. Individuals were subjected to
measurement and assessment at three times: before the day of starting

supplementation, on the thirtieth day and on the sixtieth day.
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Subjetcs

Forty-four volunteers were recruited as the target population the study. Nine of
them (20,45%) declined to participate. A total of thirty-five agreed to participate in the
study. Eighteen individuals were included in supplemented group (two of them were
withdrew voluntarily and two were excluded as outliers) and seventeen in control
group (three of them were withdrew voluntarily and one was excluded for changing
diet along the study). At the end of the study, fourteen individuals remain in the

supplemented group and thirteen in the placebo one (see Fig. 1 for the participation

flow chart).
Recruited (n=44)
Declined to participate (n=9)
Randomized (n=35)
\ A\ 4
Control Group (n=17) Supplemented group (n=18)
Withdrew voluntarily (n=3) } [ Withdrew voluntarily (n=2) }
Excluded (n=1) Excluded (n=2)
\ 4
Analyzed (n=13) Analyzed (n=14)

Fig 1. Participant flow chart during the study, from enrolment to completion.

Juice Preparation
Green juice was prepared using the following components: Gala apple (Malus
domestica Borkhausen), orange (Citrus sinensis (L.) Osbeck) and green vegetables

such as lettuce (Lactuca sativa), green cabbage (Brassica oleracea — cultivar
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Acephala), head cabbage (Brassica oleracea — cultivar Capitata) and cucumber
(Cucumis sativus). All components were commercially obtained in Porto Alegre, RS,
Brazil. The preparation of green juice consisted of processing one apple, one lettuce
leaf, one green cabbage leaf, one head cabbage leaf and the third part of one
cucumber with 500 ml of water and the strained juice of one orange; and then
straining to separate the solid parts. Thereafter, 300 ml were withdrawn and poured
in a Styrofoam cup (scup) to be offered to the volunteers. Green juice was prepared

in the Dietary Technique and Gastronomy Laboratory of UFCSPA daily.

Placebo

It was a drink made by adding one package of the Clight® refreshment powder
of pineapple and mint flavor, one package of the Clight® refreshment powder of
pineapple and ginger flavor and one package of the Magro® gelatin powder of lemon
flavor to two liters of water. Thereon, 300 ml were withdrawn and served in a scup to
be offered to the volunteers. It was prepared in the Dietary Laboratory of UFCSPA

daily.

Blood collection

Volunteers had to be abstained from eating for 12 hours before blood
collection.

Blood was collected through venous puncture in EDTA
(ethylenediaminetetraacetic acid) tubes or tubes without anticoagulant. Material was
subjected to centrifugation for 10 minutes at 3,000 rpm; plasma or serum were
separated and freezed at -80°C. Erythrocytes were washed three times in a double-

volume NaCl 0.9% solution, and subjected to centrifugation for 10 minutes at 3,000
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rpm after each washing. Obtained erythrocytes were diluted in water at the proportion

of 1:10, freezed and stored at a -80°C freezer.

Biochemical determinations

Biochemical profile evaluation: total cholesterol, HDL-cholesterol, LDL-cholesterol,
VLDL-cholesterol, triacylglycerols, glucose, urea, creatinine, proteins, aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and lactate dehydrogenase
(LDH) plasmatic levels were measured according to the user's manual of each

commercial kit (Bioclin / Quibasa © 2012).

Redox profile determination

Thiobarbituric acid-reactive substances (TBARS): TBARS, a measure of lipid
peroxidation, was determined on plasma sample which was mixed with 20%
trichloroacetic acid and 0.8% thiobarbituric acid and heated in a boiling water bath for
60 min. TBARS were determined by the absorbance at 535 nm and reported as nmol

TBARS/mg of protein (12).

Carbonyls: Carbonyls content were determined spectrophotometrically (13). The
damage measure was taken from absorbance reading at 370 nm. Results were

reported as nmol of carbonyl groups/mg of protein.

Sulfhydryls (SH): This method is based on the 5,5’-dithiobis (2-nitrobenzoic acid)

(DTNB) reduction by thiols that produces a yellow solution, thionitrobenzoate (TNB),
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which absorption is measured spectrophotometrically at 412 nm (14). Results were

reported as nmol TNB/mg of protein.

Antioxidant Enzymes

CAT assay: activity was assayed in erythrocytes according to Aebi (15), based on
the decomposition of H2O2 monitored spectrophotometrically at 240 nm, at ambient
temperature. One CAT unity is defined as 1 pmol of hydrogen peroxide consumed

per minute and the specific activity is reported as units/mg of protein.

SOD assay: SOD activity was measured spectrophotometrically at 480nm to Misra
and Fridovich (16). This method is based on the inhibition of adrenaline autoxidation

in alkaline medium by the enzyme. Results are reported as units/mg of protein.

Protein determination
Protein was determined spectrophotometrically at 650nm by the Lowry e cols

(17) using bovine serum albumin as standard.

Body Composition Evaluation

Nutritional status of the individuals was assessed by measuring weight (kg),
height (m), waist circumference (WC) and BMI. Weight was measured by a Welmy
calibrated digital scale, which has a range of up to 200 kg. Individuals were standing
erect, still, at the center of the weight scale, shoes off, wearing light clothes, head up
and staring at a fixed point at eye level, to have their weight measured. Weight was

measured in a reserved room. Stadiometer range is of up to 2.0 m. BMI was
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calculated by the ratio between total body mass (kg) and squared height (m?) (18).
WC was measured by inelastic and inextensible tape measure during individuals’
standing position. Measurements were taken at minimal inspiration, surrounding the

abdominal region, in the midpoint between the iliac crest and the last rib (19).

Food Consumption

Food consumption was assessed through a food survey. The 24-hour dietary
recall (20) was used throughout the study period, which was nine weeks. Energy,
carbohydrate, protein, fat and fiber were measured as nutritional parameters. These
reminders were held three times throughout the study period: in the first, in the fifth

and in the nineth weeks; always in the same week day.

Indicators of well-being and anxiety
The aim of this survey was to evaluate indicators of anxiety, life satisfaction
and self-efficacy before and after a period of green juice use as dietary

supplementation.

The two groups received treatment for 9 weeks and underwent two
assessments with the following instruments: Beck Anxety Inventory (BAI) and
General Self-Efficacy Scale (GSE). Tests were adapted and validated for Brazilians
(21 = 22). The instruments were answered by the participants before the start of the

supplementation period and at the end.

Statistical analysis
The results obtained in this study were analyzed through the SPSS (Statistical

Package for the Social Sciences) program. The normality of data was analyzed by
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Shapiro-Wilk test. The analysis of quantitative variables that present normal
distribution was performed through repeated measures ANOVA. Post hoc Bonferroni

test was used as necessary. Values of p <0.05 were considered significant.

Results

This study includes 14 subjects in the experimental group (juice group) and 13
subjects in the control group (placebo group), with mean ages of 31.07 years and
30.15 vyears respectively. Demographic details of the individuals by group
randomization are shown in Table 1. No strong differences were found between the

two groups.

Table 1: Sample characterization

Juice Group (n=14) Control Group (n=13) p
Gender females, n (%) * 11/14 (78.6) 11/13 (84.6) 1.00
Age, years meantSD** 31.07 £ 11.09 30.15 £ 8.52 0.81
BMI, kg/m“ mean+SD** 2541 £ 4.11 23.5 +2.85 0.17

Data expressed as mean * standard deviation.
*Chi-square tests; **Independent t-test;

There was no difference in diet composition (carbohydrates, lipids, proteins
and fiber) between groups. Data not show.
There were no significant effects on anthropometric measures between groups

(Table 2).
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Table 2: Anthropometric Outcomes

Juice Group

Control Group

1§t 2nu 3ru 15‘[ 2na 3ru p
Weight (kg) 70.77 £ 1416  65.88+23.59 70.21+14.33 64.62+1043 64.13+10.17 64.36+ 10.65 0.406
BMI (kg/m*) 2541 +4.11 23.12+7.72 24.99 £ 4.21 23.46 +2.85 23.23+2.73 22.99 + 2.67 0.333
WC (cm) 8226 +11.54 78.03+2495 83.17+11.94 81.57+10.28 81.75+ 8.50 79.40 £ 8.66 0.357

Data expressed as mean * standard deviation (SD).
BMI: Body Mass Index.
WC: Waist Circumference.

Markers of biochemical functions are shown

significant differences on biochemical outcomes between groups.

in Table 3. We found no

Oxidative stress markers (Carbonyl, SH and TBARS) and antioxidants

enzymes (SOD and CAT) are show in Table 4. No significant differences were found

between groups.

No significant differences were found in quality of life and well-being between

groups (Table 5).
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Table 5: Psychological Outcomes

Juice Group Control Group
Pre-intervention Post-intervention Pre-intervention Post-intervention P
BAI 7.86 £4.22 9.07 £6.33 3.92 £ 3.04 4.46 +4.39 0.660
GSE 54.29 + 22.76 53.21 + 33.09 55.38 + 29.47 54.62 + 30.65 0.970

Date expressed mean * standard deviation (SD).
BAI: Beck Anxiety Inventory
GSE: General Self-Efficacy Scale

Discussion

Fruits and vegetables, apart from being good sources of vitamins, minerals,
and fiber, are also rich sources of potentially bioactive compounds known as
phytochemicals. These compounds are not considered as nutrients, but much of
disease prevention potential of fruits and vegetables in human health is thought to be
provided by these compounds (23 - 25). However, there are many unanswered
questions related to fruit juice and health in humans. In this context, this study aimed
to investigate the effect of green juice (which combines fruits and vegetables) on
human metabolism, considering biochemical and redox profile, as well as on well-
being.

Green juice has been popularly consumed as a health supplement, but there
are few studies demonstrating its benefical effect on humam metabolism. In the
volunteers of our study, green juice supplementation did not modify plasma
biochemical parameters such as glucose and lipid profile. However, a 10% reduction
can be observed on ftryglicerides levels in green juice group. In a recent study,
increasing fruit and vegetable intake did not alter plasma glucose or lipid status in
participants, despite significantly increasing circulant folate levels (26). It is notable

that a number of studies did not find an association between fruit juice and adverse
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outcomes related to bodyweight, plasma lipids or blood glucose in adults or children
(27).

Our results also did not show any significant changes in the redox profile (lipid
peroxidation and proteins oxidation). However, a trend of higher levels of sulfhydryl
has been observed, suggesting that green juice may contribute to an increase in
plasma antioxidant content. It is possible that phenolic compounds such as
flavonoids are present and contribute to this trend (28 - 29). On the other hand, it is
possible that we did not observe significant results due to a supplementation period
of only 9 weeks.

Furthermore, our study together with other studies suggest that fruit and
vegetable intake increases beneficial nutrients in heatlhy adults without inducing a
subsequent change in antioxidant capacity or in oxidative stress markers.
Interestingly, an improvement on redox balance was not accompanied to a decrease
in cardiovascular risk markers, which demonstrates that high consumption of fresh
squeezed carrot juice without lifestyle modifications is not sufficient to improve lipid
profiles (30).

Most studies evaluating the effect of dietary supplementation had limited
sample sizes of varied gender and ethnicity, in addition to short treatment periods
and focus on early biomarkers rather than functional endpoints, which are costly but
more meaningful. Investigations included single-dose tests, five-day studies, four-to-
eight-week studies (most common), and only very rarely, studies of more than a few
months of duration. There are few studies controlled for variability in background diet
and other confounding variables (26 - 27).

Additional challenges to dietary supplementation researches included
determining accurate dietary intake and compliance with the study protocol. In our

study, we did not interfere with nutrient intake. Therefore, we had recommended that
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volunteers keep their regular diets throughout the study. Thus, it was necessary to
exclude a participant who modified their regular diet during the period of
supplementation. Besides, differing methods of preparing juices, the variable nutrient
and phytochemical content between varietals, regions, and storage conditions are
inherent issues associated with the field. Furthermore, determining an appropriate
dose of juice to study is a challenge; volumes ranged from 30 mL/d to 1 L in the
studies reviewed. Many investigations raised important questions regarding the
bioavailability and in vivo metabolism of phytochemicals in juice as well as the
required exposure time and concentrations needed to be effective (27).

In present study, the sample was composed by healthy volunteers and this
can be one factor contributing to no differences observed. The implications of
baseline health status are uncertain. Some authors (26, 31) observed a greater
response in populations deemed less healthy but apparently more likely to benefit
from dietary treatment. Recent investigations have involved “at risk” subjects, but
traditionally most work has focused on healthy young adults who might be more
‘resistant” to treatment effects. The incorporation of subjects with existing disease or
risk factors introduces variability into a study but is important given the increasing risk
profile of the population (27).

It is extreme important to say that there may be an evidence of actual benefits
on human metabolism in different future studies. There is a clear need for larger,
well-controlled studies of longer duration with well-defined outcomes. We strongly
recommend future works on different samples, such as adults with chronic medical
conditions . It is not all individuals who are healthy that are on a fruit-and-vegetable
juice based diet. However, healthy people who consume fruits and vegetables as a
dietary drink are expected to be protecting themselves from chronic diseases, due to

fibers and antioxidant substances enhancement. Our sample was characterized by
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healthy people. They were not asked to follow any further dietary counselling. This
sample characteristic may receive different interventions such as other fruits-and-
vegetables juicy blends in future researches.

The bioaccessibility and bioavailability of each antioxidant differs greatly, and
the most abundant antioxidants in ingested fruit are not necessarily those leading to
the highest concentrations of active metabolites in target tissues (32). Several factors
interfere with the bioavailability of antioxidants, such as food source and chemical
interactions with other phytochemicals and biomolecules present in the food (33).
The absence of significance may be a key to unravel some doubts concerning

bioaccessibility and bioavailability of antioxidants in fruits-and-vegetables drinks.
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4. Consideragoes finais

Nao houve diferengca significativa entre o grupo experimental e o grupo
controle. Tais resultados sugerem que a ingesta da receita de SV usada neste
estudo ndo afetou: o perfil bioquimico; o perfil redox e antioxidante; as medidas de
composic¢ao corporal; e indicadores de bem-estar e qualidade de vida.

Alguns autores observaram uma resposta maior em populagdes consideradas
menos saudaveis, mas, aparentemente, mais suscetiveis a efeitos benéficos
advindos de tratamentos dietéticos. Investigacbées recentes envolveram sujeitos “em
risco”, porém, tradicionalmente, a maioria dos trabalhos tem focado em adultos
jovens saudaveis que podem ser mais ‘“resistentes” aos efeitos do tratamento
(Hyson, 2015). Dessa forma, pelo fato de todos os individuos avaliados, no momento
da pesquisa, serem previamente saudaveis e niao apresentarem doengas crénicas
durante o experimento sugerimos que essa pode ter sido uma limitagdo do estudo.

S&0 necessarios outros estudos que avaliem periodos mais longos de ingesta
de bebidas feitas de vegetais como os que compuseram a receita de SV deste
trabalho. Sugerimos, também, outros estudos com a mesma interven¢do, porém com
um numero maior de voluntarios, ou com uma amostra de pessoas com alguma
doenca crbénica. Essas alternativas sao para possibilitarem efeitos mais
pronunciados e, eventualmente, significativos.

Mesmo diante dos resultados obtidos, que ndo sugerem evidéncias
convincentes a respeito da utilizacdo dessa receita de SV, permanecemos
interessados na busca de variaveis significativas que possam atrair para um numero
ainda maior de pessoas a ingesta de sucos de frutas e de verduras como alternativa

ao consumo de nutrientes dietéticos.



5. Anexos

Anexo |. Questionario de Avaliacao

FICHA DE DADOS

1. Nome completo:
2. Curso:
3. Endereco:

4. Telefones:

5. Email:

6. Data de nascimento: / / (DD/MM/AAAA)
7. ldade:

8. Sexo: ( ) masc. () fem.

9. Apresenta doencas ja diagnosticadas?

Diabete melito ( ) nao
Hipotireoidismo ( ) nao
Hipertireoidismo ( ) nédo

Hipertensao arterial sistémica (HAS)( ) nao

Acidente vascular cerebral (AVC) ( ) ndo

Cardiopatia isquémica ( )nao
Insuficiéncia cardiaca ( ) nao
Insuficiéncia hepatica ( ) nao
Insuficiéncia renal ( ) nao
Outras:

10. Esta usando medicamento?( ) néo

() sim
() sim
() sim
() sim
() sim
() sim
() sim
() sim

()sim
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() sim; Qual?

11. Esta usando algum tipo de suplemento?( ) ndo

() sim; Qual?

12. Possui algum tipo de alergia? ( ) ndo

() sim; Qual?

13. Consome bebidas alcodlicas? ( ) nao

() sim; Qual frequéncia?

14. Fuma? ( ) ndo ()sim
15.
16. Consome bebidas energéticas? ( )néao

() sim; Qual frequéncia?

17. Pratica atividade fisica? ( ) nao
()sim;

Qual tipo de atividade e frequéncia?
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