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RESUMO

Introducgéo: O okara ¢ um subproduto da produgdo do “leite de soja” e estudos que o
utilizaram como suplemento, demonstraram resultados positivos em relagdo ao peso
corporal, esteatose hepatica, metabolismo lipidico, controle glicémico e reducdo do
risco de complicacbes do diabetes, além do potencial efeito prebidtico. Em trabalhos
anteriores demonstramos que esta fonte proteica possui eficiéncia de recuperagédo
nutricional similar a dieta & base de caseina, no entanto, o tratamento com dieta okara
reduziu o consumo alimentar e o peso corporal final, além de alterar a consisténcia e o
volume fecal. Objetivo: Assim, a fim de elucidar se 0 menor peso corporal final poderia
ser justificado apenas pela redugdo da ingestdo alimentar e para verificar os efeitos
intestinais do consumo de okara, avaliamos fatores associados ao gasto energético e ao
intestino nesse modelo animal. Métodos: Foram avaliadas crias de ratas que
consumiram dieta normoproteica (17% de proteina) ou hipoproteica (6% de proteina) a
base de caseina durante a prenhez e a lactacdo e que foram mantidas com dieta com
17% de caseina (CC e LC), 17% de okara (CO e LO) ou 6% de caseina (LL) do
desmame a vida adulta. Aos 60 dias de vida foi realizado o teste de tolerancia ao frio
por 5h e atividade espontanea em 24h; e aos 90 dias o consumo de oxigénio. Apds
eutandsia aos 90 dias de vida, amostras de tecido adiposo branco epididimal e
retroperitoneal foram coletadas para determinacdo da lipdlise ex vivo e do contetdo
proteico da enzima lipase hormonio sensivel (LHS) apenas no epididimal. O tecido
adiposo marrom interescapular (TAMI) foi coletado para determinacdo da expressdo
génica do receptor beta 3 adrenérgico (ADRB3), do co-ativador 1 alfa do receptor
ativado por proliferador de peroxissomo (PGC-la), da proteina desacopladora 1
(UCP1), da lipase dos triglicerideos especifica dos adipécitos (ATGL) e da LHS, além
do conteudo proteico de LHS, ATGL, ADRB3 e UCP1. O intestino foi coletado e
pesado, determinado o comprimento, a umidade fecal e o pH cecal. O sangue foi
coletado para determinacdo das concentracdes séricas de triiodotironina (T3), tiroxina
(T4) e hormonio estimulante da tireoide (TSH). Resultados: A recuperacdo nutricional,
independente da dieta, diminuiu os niveis de T3 e a hiperfagia, aumentou o0 peso e 0s
niveis de TSH comparado aos animais LL. Os animais CO e LO comparados com CC e
LC, apresentaram menor consumo alimentar total, de carboidratos, ganho de peso,
consumo de oxigénio (VO;) e pH cecal, porém maior consumo de lipideos, peso
intestinal, umidade fecal, expressio de mRNA de PGCla e UCPl no TAMI,



Xv

termogénese estimulada pelo frio (com 3h de exposicdo) e taxa de lipolise ex vivo
estimulada no tecido adiposo epididimal. Concluséo: Em conclusdo, o subproduto
okara foi eficiente no controle de peso e redugdo de depdsitos de gordura em animais
recuperados da desnutricdo, mesmo aparentemente diminuindo fatores associados ao
gasto energético (VO, e atividade espontanea), além de possuir efeitos intestinais

benéficos que independem do estado nutricional.

Palavras-chave: tolerdncia ao frio, recuperacdo nutricional, okara, tecido adiposo,
ratos.
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INTRODUCAO

Nas Ultimas décadas, o Brasil e os demais paises em desenvolvimento passaram
por alteracbes na estrutura da dieta que inverteram o padrdo de distribuicdo dos
problemas nutricionais (Sartorelli & Franco, 2003; Schramm et al., 2004). Entre 1974 e
2009 ocorreu uma reducdo intensa e continua da desnutricdo em ambos 0s sexos na
populacdo infantil e adulta brasileira, medida através da prevaléncia de déficit de altura
e deficit de peso (IBGE, 2010). Apesar disso, a prevaléncia do deficit de altura ainda é
quase duas vezes maior que a prevaléncia de deficit de peso em criancas de 5 a 9 anos
de idade (IBGE, 2010) e embora estejam reduzidos podem estar relacionados com a
insuficiéncia alimentar, tanto em quantidade com em qualidade (Sawaya et al., 2003).

No mesmo periodo, o excesso de peso quase triplicou entre homens, ja a
obesidade cresceu cerca de quatro vezes entre 0s homens e cerca de duas vezes entre as
mulheres (IBGE, 2010) e assim como a insuficiéncia alimentar (Sawaya et al., 2003), o
aumento da obesidade pode estar muitas vezes associado ao aumento da morbidade.
Como visto por Schramm et al. (2004), as doencas cronico-degenerativas respondem
por 66,3% da carga de doenca no Brasil e essa predominancia da morbidade gera um
impacto importante na qualidade de vida do individuo e nos gastos publicos que serve
como alerta da necessidade em conhecer as causas e as consequéncias desses tipos de
agravos.

Apds inimeros estudos epidemioldgicos e experimentais, acredita-se que entre
as causas da obesidade e de doencas cronicas, ha uma combinacdo da genética com
fatores ambientais, como dieta, sedentarismo e desenvolvimento intra-uterino (Sartorelli
& Franco, 2003).

Entre as hipoOteses que relacionam os fatores ambientais envolvidos no
desenvolvimento de doencas, temos a hipotese do fendtipo econémico, que surgiu ha
mais de vinte anos numa tentativa de explicar as associagdes entre o crescimento fetal e
infantil deficiente e um maior risco de desenvolver intolerancia a glicose e a sindrome
metabdlica na vida adulta (Hales & Barker, 2001). A programacdo de um organismo
multicelular envolve uma série de eventos sincronizados, impulsionados por instrugdes
genéticas adquiridas durante fases criticas do desenvolvimento, como a concepgéo e a
lactacdo (Patel & Srinivasan, 2002). No caso da desnutricdo, a mae mal nutrida ira

transmitir essencialmente ao feto uma previsdo do ambiente nutricional em que vai


http://www.jbc.org/search?author1=Mulchand+S.+Patel&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Mulchand+S.+Patel&sortspec=date&submit=Submit
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nascer e como resposta a desnutricdo fetal sucedem adaptacGes metabdlicas vantajosas
para a sobrevivéncia pos-natal, como a preservagdo seletiva de 6rgdos-chave (Hales &
Barker, 2001). E uma manifestacio do fenomeno da “plasticidade” do desenvolvimento
e isso é vantajoso em termos evolutivos, pois permite que um genotipo, em resposta a
variadas condicGes ambientais durante o desenvolvimento, dé origem a diferentes
fendtipos e estados fisioldégicos ou morfoldgicos (Barker, 2007). Essas adaptacGes
ocorrem de maneira permanente, mesmo cessado o estimulo nutricional responsavel por
essas alteracGes e continuam a ser expressas a nivel celular, molecular e bioquimico,
tornando-se prejudiciais quando o ambiente pos-natal difere do ambiente intra-uterino
(Patel & Srinivasan, 2002).

Em animais experimentais, existem grandes diferencas no impacto da nutri¢éo
materna deficiente sobre o crescimento dos diferentes 6rgdos da prole. Isso acontece
pela diferenca na sensibilidade de cada 6rgdo em responder aos efeitos da subnutrigéo,
podendo afetar principalmente as células de divisdo rapida, como o trato
gastrointestinal, limitando o seu crescimento e funcdo (Weaver et al., 1998).

Foi observado em filhotes de mées com restricdo alimentar apenas durante a
gestacdo, que o peso e o comprimento do intestino delgado foram estatisticamente
menores ao nascimento e também apds a lactacdo, assim como a altura total da mucosa,
a altura da vilosidade e a do enterdcito (Gurmini et al., 2005). Em modelo experimental
de restricdo proteica, 0 comprimento intestinal foi analisado no 21° dia de vida e 0s
autores concluiram que o mais afetado foi o grupo de filhotes de mées com restricdo
proteica durante a gestacdo e a lactacdo, seguido pelo grupo de filhotes de maes com
restricdo protéica somente na lactacdo, sugerindo que a restricdo protéica pré-natal
isolada néo apresenta efeitos negativos duradouros sobre as dimensdes e o crescimento
do trato gastrintestinal (Weaver et al., 1998).

Segundo Latorraca et al. (1998), a recuperacdo nutricional com dieta balanceada
do nascimento ou desmame até a vida adulta ndo é capaz de reverter integralmente as
alteracbes da programacdo metabdlica, especialmente o déficit de secrecdo de insulina
gue é compensado pelo aumento da sensibilidade periférica a esse horménio.

Estudos mostram que criangas desnutridas que ndo recuperaram a estatura e
consomem uma dieta rica em gorduras, tem maior susceptibilidade para acumular
gordura corporal (Sawaya et al., 1998; Sawaya et al., 2003). O acumulo de gordura

corporal depende, dentre outros fatores, do desequilibrio no balango energético entre a


http://www.jbc.org/search?author1=Mulchand+S.+Patel&sortspec=date&submit=Submit
http://www.jbc.org/search?author1=Mulchand+S.+Patel&sortspec=date&submit=Submit

18

energia ingerida e a energia gasta e cerca de 40% desse balangco depende da heranca
genética (Marques-Lopes et al., 2004).

O tecido responsavel por armazenar esse excesso de energia na forma de
triacilglicerol (TAG) é o tecido adiposo branco (TAB). As ceélulas dos adipdcitos
brancos sdo esfericas e com tamanho varidvel dependendo da quantidade de TAG
armazenados em sua Unica goticula lipidica, que é responsavel por mais de 90% do
volume da célula (Saely et al., 2012). As principais atividades metabdlicas desse tecido,
além do seu papel como 6rgdo endocrino, envolvem a lipogénese e a lipolise (Fonseca-
Alaniz et al., 2006).

A lipogénese envolve os processos metabolicos em que o excesso de energia
resulta em biossintese, incorporacdo e armazenamento de TAG na goticula de gordura
intracitoplasmatica (Fonseca-Alaniz et al., 2006). A lipdlise é o processo de mobilizacao
de TAG com liberacdo de acido graxo livre (AGL) e glicerol, distribuidos através da
circulacdo para os tecidos periféricos, podendo ser utilizados para [(-oxidacdo e a
producdo de ATP, por exemplo (Lass et al., 2011). Esse processo ocorre durante o
jejum ou em condicdes de grande necessidade de energia, como o exercicio fisico e
situacOes de estresse e € estimulado principalmente por catecolaminas (Fonseca-Alaniz
et al., 2006). As duas enzimas hidrolases mais importantes nesse processo séo: a lipase
hormbnio sensivel (LHS), que hidrolisa uma variedade de substratos, como TAG,
monoacilglicerol (MAG), mas principalmente diacilglicerol (DAG) e a desnutrina (ou
ATGL), que é uma hidrolase seletiva para TAG. As duas juntas sdo responsaveis por
mais de 90% da capacidade lipolitica no tecido adiposo de ratos (Lass et al., 2011).

O gasto de energia, em homeotérmicos, € o resultado da atividade fisica, do
metabolismo basal e termogénese facultativa (Puigserver & Spiegelman, 2003) e
representa a conversdo de oxigénio e alimento (ou os estoques de energia) em dioxido
de carbono, &gua, calor e trabalho (Lowell & Spiegelman, 2000). A atividade fisica
refere-se a todo movimento voluntario (Spiegelman & Flier, 2001) e no caso do rato,
essa atividade é maior no ciclo escuro do que no claro (Richter, 1922). O metabolismo
basal envolve 0s inlmeros processos bioguimicos necessarios para a sobrevivéncia
(Spiegelman & Flier, 2001) e ele ndo é linear mesmo quando comparado com animais
da mesma espécie, por ser influenciado aléem de outros fatores, pela idade, sub ou
superalimentacdo, massa corporal total, altura e pela taxa metabdlica especifica de cada

orgdo (Even et al.,, 2001). A termogénese facultativa compreende a mudangca na


http://www.sciencedirect.com/science/article/pii/S0092867401002409
http://www.sciencedirect.com/science/article/pii/S0092867401002409
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dissipacdo de calor em consequéncia a alteracdes de temperatura ambiental, estado
nutricional ou infeccdo. Em pequenos mamiferos essa termogénese adaptativa ocorre
principalmente no tecido adiposo marrom (TAM), sendo estimulada principalmente
pela acdo dos hormoénios tireoidianos (HTS) e ativacdo adrenérgica (Puigserver &
Spiegelman, 2003).

O tecido adiposo marrom é composto por adipdcitos que contétm TAG em
numerosos pequenos vaclolos, sendo que as organelas mais caracteristicas sdo as
mitocondrias e a cor desse tecido é atribuida pela alta densidade dessa organela e pela
alta vascularizacdo (Saely et al., 2012). As mitocdndrias do TAM sdo marcadas pela
expressdo da proteina desacopladora 1 (UCP1), que desacopla a sintese de ATP a partir
da fosforilacdo oxidativa na cadeia respiratdria, resultando na producéo de calor (Cinti,
2012).

Em mamiferos, os HTs atuam em diversas vias metabdlicas, como na regulacéo
da temperatura corporal, no consumo de oxigénio, metabolismo de carboidratos,
proteinas e gorduras, além de exercerem efeito no desenvolvimento de vérios tecidos
(Barra et al., 2004). Os hormonios triiodotironina (T3) e tiroxina (T4) sdo sintetizados
na glandula tireoide e o horménio estimulante da tireoide (TSH) é o principal regulador
de secrecdo dos HTs (Yen, 2001). O papel do HT na estimulagdo da biogénese
mitocondrial ocorre através do ndcleo ativada por T3. Alguns dos genes nucleares
influenciados por esse hormonio, como PGC-la, parecem regular a expressdo do
genoma mitocondrial e outros podem participar como componentes funcionais na cadeia
respiratdria, como o citocromo c1 (Nelson, 1990).

A exposicdo ao frio e alimentacdo (hipoproteica ou hiperlipidica, por exemplo)
aumenta a atividade do TAM e dependendo da duracéo e intensidade do estimulo, pode
aumentar a expressdo da UCP1 através da norepinefrina liberada pelo sistema nervoso
simpatico, que se liga ao receptor [(-adrenérgico, aumentando as concentracdes
intracelulares de adenosina monofosfato ciclico (AMPc). Ratos expostos ao frio e
células de TAM tratadas com agonista do receptor B-adrenérgico (ADRB3) apresentam
forte inducéo da transcricdo de mRNA do co-ativador-1 ‘alfa’ do receptor ativado por
proliferador do peroxissoma (PGC-1a), o qual induz e coordena a expressdo de genes
que estimulam o metabolismo oxidativo mitocondrial no TAM (Puigserver &

Spiegelman, 2003).
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Todo esse processo complexo que envolve o equilibrio do balango energético
demonstra que a terapia de sucesso contra obesidade deve impactar ndo s6 0 consumo
alimentar, mas também o gasto de energia ou até ambos. Quando essa terapia é baseada
na orientacdo nutricional, pode ocorrer uma perda de peso favoravel para a reducédo de
consequéncias morbidas (Spiegelman & Flier, 2001) e quanto mais precoces forem as
intervencdes maior a possibilidade de sucesso nas mudangas de estilo de vida (Sartorelli
& Franco, 2003).

Em relacdo a terapia nutricional auxiliar na obesidade ou desnutri¢éo, inclui-se a
soja, que além de ser uma fonte proteica de alta qualidade (Silva et al., 2006), de
vitaminas do complexo B e minerais, como ferro, potassio e magnésio (Erdman &
Fordyce, 1989; Aplevicz & Demiate, 2007), fornece inimeras substancias bioativas
benéficas a salde e por essa razdo é considerada um alimento funcional (Morais &
Silva, 2000; Casé et al., 2005; Penha et al., 2007). O Brasil é o segundo maior produtor
mundial de soja (Pelaez et al., 2004) e Mato Grosso é o maior produtor nacional com
uma &rea plantada de 6,4 milhdes de hectares (CONAB, 2012). No mundo, apenas 7%
da producdo de soja destina-se para alimentacdo humana e os subprodutos obtidos pelo
processamento dos grdos sdo geralmente descartados ou utilizados para fabricacdo de
racdo animal como farelo ou concentrado proteico (Amaral, 2006; Bellaver & Snizek,
2011).

Em um estudo realizado por Cederroth et al. (2008), os animais que foram
submetidos a uma dieta a base de soja (com alto teor de fitoestrégeno) apresentaram
reducdo da adiposidade corporal e melhora da sensibilidade a insulina. Além disso,
recentemente, foi observado que a recuperacao da desnutri¢do proteica em fases criticas
do desenvolvimento com dieta a base de farinha integral de soja é capaz de restaurar
parcialmente o déficit de secrecdo de insulina (Veloso et al., 2008), elevando as
concentracdes séricas de insulina nos estados basal e pds-prandial e apresentando maior
area sob a curva de insulina em resposta a uma carga de glicose (GTT intraperitoneal)
(Oliveira et al., 2008).

A partir do processamento da soja, diferentes produtos e subprodutos sdo
originados e entre eles podemos citar o tofu, tempe e o okara, que € um residuo
insoluvel vegetal considerado de baixo custo (Aplevicz & Demiate, 2007), obtido a
partir da lavagem, maceracéo e aquecimento dos gréos de soja para producdo do extrato

aquoso de soja (“leite de soja”) (Nakornpanom et al., 2010) e corresponde a cerca de
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25% da producdo deste alimento (Perusselo, 2008). O okara possui elevado valor
nutritivo, contém em torno de 25% de proteina (Yokomizo et al., 2002), 10 a 15% de
gordura (O’Toole, 1999), 42% de fibras, 4 a 6% de carboidratos e 2,8% cinzas (Bowles
e Demiate, 2006), além de vitaminas e minerais. No entanto, frequentemente o okara é
utilizado como residuo industrial, sendo descartado de forma incorreta no meio
ambiente ou empregado na fabricacéo de ragcdo animal (Katayama & Wilson, 2008).

Sabe-se também, que o okara possui de 12 a 14% de fibras sollveis
(Nakornpanom et al., 2010) e que esses componentes da dieta ndo sao absorvidos pelo
organismo, porém ao passarem pelo intestino grosso sdo utilizados como substrato pelas
bactérias intestinais através da fermentacdo. As bactérias responsaveis por esse processo
sdo as anaerobicas localizadas no célon e como produto desta reacdo temos o &cido
latico, acidos graxos de cadeia curta (AGCC) e gases, com consequente reducao do pH
do lIimen e proliferacdo das células epiteliais desta regido (Saad, 2006; Venema, 2010).

Diferentes mecanismos foram propostos para tentar explicar a correlagdo entre o
intestino e o controle do peso corporal, entre eles, incluem o papel da flora intestinal em
extrair energia de polissacarideos nao digeriveis e em regular genes do hospedeiro que
modulam a utilizacdo e o armazenamento de energia (Tsukumo et al., 2009). Matsuo
(1996) ao suplementar uma dieta de 20% de proteina de soja com 50% de okara (OC)
ou 50% de okara koji (OK) (okara fermentado), observou maior ingestéo e utilizagéo de
fibras dietéticas no grupo OC, porém menor pH cecal, absor¢édo de ferro, acidos biliares
e colesterol fecal. Jiménez-Escrig et al. (2008), encontraram maior absorcao aparente e
retencdo verdadeira de célcio em ratos alimentados com dieta de okara rica em fibras
(DFRO), assim como o status antioxidante, peso e umidade fecal. Além disso, a
suplementacdo com 10% de okara a uma dieta padrdo resultou em maior peso cecal e
contetdo total de AGCC e menor pH em ratas Wistar, demonstrando que o okara pode
ser eficaz como um suplemento dietético para perda de peso pelo seu potencial efeito
prebidtico (Préstamo et al., 2007)

Em modelo experimental de obesidade induzida, o crescente aumento da dose de
okara (10, 20 ou 40%) na dieta, suprimiu o desenvolvimento do ganho de peso e de
tecido adiposo branco epididimal, preveniu o aumento de lipideos plasmaticos,
incluindo colesterol total, LDL colesterol e acidos graxos livres. Além disso, a ingestao
de okara preveniu a esteatose hepatica e suprimiu a expressao dos genes da leptina e
TNFa (Matsumoto, 2007). Ahmed et al. (2010), ao induzirem diabetes em machos
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Sprague Dawley (DM) e suplementd-los com okara (DM - okara), verificaram
reduzidos niveis de glicose, hemoglobina glicosilada e aumento dos niveis de insulina,
além disso a suplementacdo melhorou as alteracfes histopatologicas observadas no
pancreas quando comparados aos animais DM. Desse modo, por seu baixo custo,
elevado valor nutricional e propriedades funcionais, o okara poderia ser um alimento
alternativo para a recuperacéo nutricional de modelo animal desnutrido em fases criticas
do desenvolvimento, que é propenso a desenvolver DM2 e obesidade na vida adulta.
Utilizando uma dieta com 17% de proteina a base de okara na recuperagédo de
um modelo animal desnutrido na gestacdo e lactacdo, demonstramos através de
pardmetros bioquimicos e hormonais que esta fonte proteica possui eficiéncia de
recuperacdo nutricional similar a dieta a base de caseina (Lemes SF, Lima FM, Carli
APA, Ramalho AFS, Reis SRL, Michelotto LF, Amaya-Farfan J, Carneiro EM,
Boschero AC, Latorraca MQ and Veloso RV, dados ndo publicados). No entanto, o
tratamento com okara, independente do estado nutricional, reduziu o consumo
alimentar e o peso corporal final, além de alterar a consisténcia e o volume fecal. Assim,
a fim de elucidar se o menor peso corporal final poderia ser justificado apenas pela
reducdo da ingestdo alimentar e para verificar os efeitos intestinais do consumo de
okara, avaliamos fatores associados ao gasto energético e ao intestino nesse modelo

animal.
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OBJETIVOS

Objetivo geral
Avaliar os efeitos da dieta a base de okara sobre o intestino e 0 gasto energético em
ratos adultos submetidos a restricdo proteica na vida intrauterina e na lactacdo e

recuperados ap0s 0 desmame.

Objetivos especificos

Analisar o perfil nutricional e metabdlico de ratos adultos, determinando:

- 0 consumo alimentar (total e de macronutrientes);

- 0 peso corporal;

- 0 peso de drgdos (intestino e tecidos adiposos epididimal, retroperitoneal e marrom
interescapular);

- 0 consumo de oxigénio e a atividade fisica espontanea;

- producéo de calor durante o teste de tolerancia ao frio;

- liberacéo de glicerol apos o teste de lipdlise ex vivo.

Determinar o perfil sérico hormonal tireoidiano de ratos adultos, dosando:
-T3;

- T4,

- TSH.

Avaliar o efeito do okara sobre o intestino, determinando:
- comprimento e peso intestinal (absoluto e relativo);
- pH cecal;

- umidade fecal.

Verificar no tecido adiposo marrom interescapular a expressdo do mRNA:
- LHS;

- UCP1;

- PGC-1a.



Verificar no tecido adiposo marrom interescapular o contetido proteico:
- ADRP3;

- ATGlI;

- LHS;

- UCP1.

Verificar no tecido adiposo branco epididimal estimulado o contetido proteico:
- LHS total,
- LHS fosforilada.
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ABSTRACT

In previous work we demonstrated by biochemical and hormonal parameters that the
okara as protein source possesses efficiency of nutritional recovery similar to diet based
on casein, however, treatment with diet okara, independent of nutritional status, reduced
food intake and the final body weight in addition to changing the volume and fecal
consistence. Thus, in order to elucidate whether the lower final body weight could be
justified only by the reduction of food intake and to verify the intestinal effects of the
consumption of okara, we evaluated factors associated with energy expenditure and the
intestine in this animal model. Only male rats from mothers that were fed either 17% or
6% protein during pregnancy and lactation were maintained on a 17% casein (CC and
LC), 17% okara (CO and LO) or 6% casein (LL) diet after weaning until adult age. The
nutritional recovery, independent of protein source, reduced the levels of
triiodothyronine (T3), however increased the levels of thyroid stimulating hormone
(TSH), decreased hyperphagia and increased weight observed in animals under protein
restriction. Rats fed with okara based diet exhibited reduced the total food intake,
smaller weight gain and also the cecum presented low values of pH compared to
animals fed with casein. These animals showed higher lipids intake, the mRNA
expression of PGCla and UCP1 in interscapular brown adipose tissue, the adaptive
thermogenesis and the ex vivo lipolysis rate stimulated on epididymal adipose tissue. In
conclusion, we have demonstrated that the subproduct okara is efficient on weight
control and reduction of fat deposits on animals recovered from malnutrition, even
without increasing the energy expenditure, besides promoting beneficial intestinal

effects despite the nutritional status.
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INTRODUCTION

Over the past few decades, Brazil and other developing countries have been
lived diet structural changes that inverted the nutritional issues, previously characterized
by malnutrition and now tagged by increase the obesity and consequently non
transmitted chronic diseases (Sartorelli & Franco, 2003; Schramm et al., 2004).
Epidemiological and experimental studies have been demonstrating that malnutrition on
critical phases of development, as conception and lactation (Hales & Barker, 2001), is
able to generate advantageous physiological adaptations through genetic instructions.
These modifications allow the survival in similar nutritional situations and this become
harmful when the postnatal environment become different from the information
transmitted by mother, as an overnutrion and consequently obesity (Patel & Srinivasan,
2002). Those metabolic adaptations are permanent and even when the nutritional
recovery is done by balanced diet from birth to weaning until adult life, it is not capable
of fully revert the metabolic programming changes (Latorraca et al., 1998).

As a result, the animals can present metabolic diseases like obesity and
associated disorders. For this reason, many substances have been investigated as aids in
decreasing the fat deposition and weight control (Chen et al., 2012). The manufacturing
“soy milk” subproduct, okara, has high nutritional value, besides vitamins and minerals
contains approximately 25% of protein (Yokomizo, Takenaka & Takenaka, 2002), 10 to
15% of fat (O’Toole, 1999), 4 to 6% of carbohydrates and 2.8 % of ashes (Bowles &
Demiate, 2006). Still possess 40.2-43.6% of insoluble fiber and 12.6-14.6% of soluble
fiber (Nakornpanom, Hongsprabhas & Hongsprabhas, 2010), distributed mostly among
cellulose, hemicelluloses and lignin (O’Toole, 1999). Despite its high nutritional value,
frequently the okara is used as an industrial residue, being inappropriately discarded on
the environment or used in the manufacturing of animal food (Katayama & Wilson,
2008). Studies with okara as an supplement, showed positive results related to body
weight and hepatic steatosis (Matsumoto, Watanabe & Yokoyama, 2007; Jiménez-
Escrig et al., 2008), lipid metabolism (Villanueva et al., 2011), glycemic control and
reduction of the risk of diabetes complications (Ahmed, Hassan & Hemeda, 2010), in
addition to its potential prebiotic effect (Matsuo, 1996; Préstamo et al., 2007). In
summary, considering its low cost, elevated nutritional value and functional properties,

the okara could be an alternative food to the nutritional recovery of a malnourished
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animal model on critical phases of development, which is prone to develop type 2
diabetes and obesity on adult life.

Utilizing a diet with 17% protein okara based in the recovery animal model of
malnutrition during gestation and lactation, we demonstrate through biochemical and
hormonal parameters that this protein source possesses efficiency of recovery nutritional
similar diet based on casein (unpublished data). However, treatment with okara
independent of nutritional status, reduced food intake and final body weight in addition
to changing the volume and fecal consistency. Thus, in order to elucidate whether the
lower final body weight could be justified only by the reduction of food intake and
whether there influence of intestinal by the consumption of okara, we evaluated factors
associated with energy expenditure and the intestine on adult rats submitted to

intrauterine and lactation protein restriction and recovered after weaning.

MATERIALS AND METHODS

Animals and diets

The experimental procedures involving rats were performed in accordance with
the guidelines of the Brazilian Society of Science in Laboratory Animals (SBCAL) and
were approved by the ethics committee at the Federal University of Mato Grosso
(process N° 23108.019180/10-3). Male and virgin female Wistar rats (85-90 days old)
were obtained from the university’s breeding colony. Mating was performed by housing
male rats with female rats overnight (one male and five female rats), and pregnancy was
confirmed by the examination of vaginal smears for the presence of sperm. Pregnant
females were separated at random and maintained from the first day of pregnancy until
the end of lactation on isocaloric diets containing 6% (low protein [LP] diet) or 17%
protein (control [C] diet). Spontaneous delivery took place at day 22 of pregnancy after
which, at 3 days of age, large litters were reduced to eight pups to ensure a standard
litter size per mother. After weaning (twenty-five days), the males were divided and
maintained until 90 days of age into five groups: CC, consisting of offspring born to and
suckled by mothers fed a C diet and subsequently fed the same diet after weaning; CO,
consisting of offspring born to and suckled by mothers fed a C diet and subsequently
fed an okara diet with 17% protein after weaning; LL, consisting of offspring of

mothers fed an LP diet and subsequently fed the same diet after weaning; LC, consisting
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of offspring of mothers fed an LP diet and a C diet after weaning; and LO, consisting of
offspring of mothers fed an LP diet and fed an okara diet containing 17% protein after
weaning.

The okara was produced in the laboratory from soybeans (Glicine max) obtained
from a local market in Cuiabd, Brazil. Preparation of okara was performed according to
the Lescano et al. method (2005), with minor modifications. The soybeans were
cleaned, washed with tap water, cooked for 5 minutes (thermal process), drained and
washed again with tap water. Water was added to the beans (ratio of 1 kg of soybean/5
L of water), which were then cooked for an additional 5 minutes, after which they were
crushed. The next stage was to cook the soybeans at 100°C for 10 minutes to elaborate
the soymilk, followed by a sifting process to extract the okara. The okara extract was
then dried in an oven at a temperature of 55°C and ground to a powder. The centesimal
composition of okara was analyzed using established methods. The compositions of the
diets are presented in Table 1. In the okara diet, adjustments were made to equalize
protein and lipid content to the casein diet, suppressing soybean oil and fiber and
reducing carbohydrates. The control and okara diets were isonitrogenous, with 17%
protein composition, prepared in accordance with the recommendations of the American
Institute of Nutrition AIN-93G (Reeves et al., 1993). The diets fatty acids composition
was determined by prior acid hydrolysis (method A) (Zenebon & Pascuet, 2005).
Nitrogen content was determined by micro-Kjeldahl method, using a nitrogen
conversion factor of 6.25 (AOAC, 1995). Fiber content was determined by an enzyme-
gravimetric method according to Prosky et al. (1984).

The rats were kept in collective cages, given free access to food and water and
kept under standard lighting conditions (12 h light-12 h dark cycle) at 24°C throughout
the experimental period. The rats were weighed once per week throughout the
experimental period. Food intake was recorded three times per week, and the data are
expressed in absolute and relative values. To assess the relative food intake, the total
food intake during the experimental period after weaning was normalized per 100g body

weight at age 90d.
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Table 1. Composition of control, low-protein and okara diets

Ingredients Control Low-protein Okara*
(9/kqg) (17% protein) (6% protein)  (17% protein)
Casein (> 85% protein) 202.0 71.5 -
Okara (> 35% protein) - - 505.4
Cornstarch 397.0 480.0 279.8
Dextrinized cornstarch 130.5 159.0 93.3
Sucrose 100.0 121.0 71.0
Soybean oil 70.0 70.0 140.0*
Fiber 50.0 50.0 161.7*
Mineral mix (AIN-93)** 35.0 35.0 35.0
Vitamin mix (AIN-93)** 10.0 10.0 10.0
L-cystine 3.0 1.0 3.0
Choline bitartrate 2.5 2.5 2.5
Kcal/g 3.72 3.79 3.69

*Qkara composition (%): protein 35, fat 29, carbohydrate 4, total fiber 32. **See
Reeves et al., 1993. “contained in the okara.

Oxygen consumption determination

Oxygen consumption was measured in fed animals through a computer-
controlled, open circuit calorimeter system LE405 Gas Analyzer (Panlab — Harvard
Apparatus, Holliston, MA, USA). Rats were singly housed in clear respiratory chambers
and room air was passed through chambers at a flow rate of 0.8 L/min, maintained by a
pump Air Supply & Switching and monitored by a gas analyzer LE405 (Panlab —
Harvard Apparatus). Gas sensors were calibrated prior to the onset of experiments with
primary gas standards containing known concentrations of O, and CO, (Air Liquid, Sao
Paulo, Brazil). The analyses were performed by 24 hours of each chamber. Outdoor air
reference values were sampled after every four measurements. Sample air was
sequentially passed through O, sensors for determination of O, content, from which

measures of oxygen consumption (VO;) were estimated.

Evaluation of spontaneous locomotor activity
At 60 days of age, the spontaneous locomotor activity was evaluated during 24

hours by a platform contain two horizontal axes, providing information on motility
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using a linear detection system controlled by computer from Harvard Instruments
(Panlab, Holliston, MA, USA).

Cold tolerance test
The cold tolerance test was performed in rats at 60 days of age. Rectal
temperature was measured using Physitemp TCAT-2LV thermometers before and

during a 5h exposure to 4°C.

Hormonal profile and tissue collection

Rats were killed by decapitatation. Blood samples were collected, serum was
obtained by centrifugation and aliquots were used to measure serum triiodothyronine
(T3), thyroxine (T4) and thyroid-stimulating hormone (TSH). Concentrations of these
hormones were determined by using the AccuBind ELISA Microwells (T4 and T3) and
BIOLISA TSH — K100 (Bioclin) according to the manufacturer’s instructions. After
medial laparotomy, epididymal and retroperitoneal white adipose tissue (EWAT and
RWAT) and brown adipose tissue (BAT) was quickly removed, weighed and aliquots
were frozen immediately in liquid nitrogen and stored at -80°C to several

determinations.

pH and fecal moisture

After medial laparotomy, entire intestine with fecal contents was removed and
weighed immediately reveal (intestinal weight) then feces were removed from the rectal
portion and its wet weight was obtained in electronic analytical balance (Acculab model
ALC-210.4) with sensitivity of 0.0001 g. Then, drying was performed in faeces oven at
105°C. After 22 hours, began to weighing with 30 minute intervals until two
consecutive weightings been obtained with a difference less than 1.0 mg. The moisture
content of the stool was calculated using the formula [(weight fecal wet - dry fecal
weight) / wet fecal weight] x 100. A portion of the cecal content was diluted 1:3 in
water immediately after sampling; the pH was measured using a pHmeter (DLA-PH,
Del Lab) (Jiménez-Escrig et al., 2008).
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Ex vivo lipolysis

To measure ex vivo lipolysis, the method of Chen et al. (2012) was used with
modifications. Briefly, two 0.25g samples in duplicate of epididymal and retroperitoneal
fat dissected from rats were minced separately and incubated for 1h in 1 mL of buffer
alone (basal), containing Krebs—Ringer, 3% fatty acid-free bovine serum albumin,
6mM-glucose (Sigma-Aldrich), and pH 7.4. Then, the buffer was exchanged for basal
or containing isoproterenol at a concentration of 10°M (stimulated), incubated for 1h in
a water bath at 37°C and the glycerol released into the medium was measured using a

triglyceride kit without lipase (Bioclin).

RNA preparation and real-time RT-PCR

Total RNA was separated from the frozen adipose tissue by Trizol reagent
(Invitrogen, USA) according to the supplier's instruction. Three micrograms of total
RNA was transcribed into cDNA with reverse transcriptase high capacity (Applied
Biosystems). Primers specific for rat PGCla (Rn01453110 ml), Lipe
(Rn00563444_m1), UCP1 (Rn00562126 ml), Adrb3 (Rn01478698 gl), Pnpla2
(Rn01479969 m1) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers
were obtained from Applied Biosystems. GAPDH were used as endogenous control.
PCR was carried out in duplicate on a Step One using Tagman Gene Expression Master
Mix (Applied Biosystems). The cDNA was amplified under the following conditions:
95°C for 10 min for denaturation and subjected to 40 cycles of 95°C for 15s, 60°C for
20 s, and 72°C for 15 s, followed extension at 72°C for 10 min. Real-time data were
analyzed using the Step One System (Applied Biosystems). Quantitative values were
obtained from the threshold cycle value (Ct), which is the point where a significant
2—AACT

increase of fluorescence is first detected. Results were calculated according to

method.

Western Blot

A fraction of IBAT and EWAT from each experimental group was homogenized
by polytron in an anti-protease cocktail. After homogenization, an aliquot of extract was
collected and the total protein content was determined by the dye-binding protein assay
kit (Bio-Rad Laboratories, Hercules, CA). Samples of crude membrane preparations

from each experimental group were incubated for 5 min at 100°C with 5X concentrated
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Laemmli sample buffer (1 mmol/L sodium phosphate, pH 7.8, 0.1% bromophenol blue,
50% glycerol, 10% SDS, 2% mercaptoethanol) (4:1, v/v). The samples with 80ug
protein were then run on 10% polyacrylamide gels. Electrotransfer of proteins to
nitrocellulose membranes (Bio-Rad) was done for 2:30 h at 120 V (constant) in buffer
containing methanol and SDS. After checking the efficiency of transfer by Ponceau S
staining, the membranes were blocked with 50 g/L dry skimmed milk in TTBS (10
mmol/L Tris, 150 mmol/L NaCl, 0.5% Tween 20) overnight at 4°C. ATGL, p-HSL,
HSL, UCP1, ADRB3 and GAPDH was detected in the membrane after a 4h incubation
at room temperature with their respective antibodies (diluted 1:500 in TTBS) (Santa
Cruz Biotechnology). The membranes were then incubated with secondary antibody
(diluted 1:5000 in TTBS) followed by a further 2h incubation at room temperature.
Protein bound to the antibody was detected by autoradiography. The intensity of the

bands will be evaluated by densitometry Scion Image software (ScionCorporation).

Statistical analyses

The results were expressed as mean + standard deviation. Levene’s test for
homogeneity of variances was initially used to check the normality of the data before
testing with parametric ANOVA. When necessary, the data were log-transformed to
correct for variance in heterogeneity or non-normality (Sokal & Rohlf, 1995). Two-way
ANOVA analysis of variance (effects of nutritional status and diet) was used to
compare the data from the CC, CO, LC, and LO groups. The same data were analyzed
by one-way ANOVA analysis of variance when assessing whether diet was effective in
improving nutritional status in the LC, LO, and LL groups. When necessary, these
analyses were complemented by the least significant difference test to determine the
significance of individual differences. P <0.05 indicated statistical significance. All
statistical comparisons were done using the Statistic Software package (Statsoft, Tulsa,
OK, USA).
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RESULTS

The okara based diet reduced around 8% the total food intake and the
nutritional recovery decreased the hyperphagia observed in malnourished animals
(Table 2). Independent of the nutritional status, the groups treated with the okara based
diet exhibited lower total consumption when compared with the others treated with
casein (Fy47=27.76, p<0.0001). The groups LC and LO presented lower total food
intake than the groups CC and CO (F147=335.42, p<0.0001). Compared with the LL
group, the biggest consumption was from the LC followed by the LO (p<0.0001).

However, when expressed per 100g of body weight, the food intake was similar
among groups CC, LO and CO (F147=4.92, p<0.05). The LC group presented lower
consumption than CC and LO and similar to the CO. Considering only nutritional
recovery, the relative consumption of LC and LO groups was 30% and 21% lower,
respectively, than the LL (F,3=27.01, p<0.0001). Both total consumption of
carbohydrates and protein had influence on the nutritional status (Fj47=350.95,
p<0.0001), in which the animals recovered from malnutrition, independent of the diet,
had a lower consumption of these macronutrients than the control animals. In
consequence of the lower total food intake, the LL group also ingested less quantity of
total fiber and all macronutrients when compared with the LC and LO groups
(p<0.001). Though the animals treated with the okara based diet had a lower total intake
of food and carbohydrates (F; 47=578.7, p<0.0001), the total intake of lipids (p<0.0001)
and fiber (p<0.0001) were 2x and 3x, respectively, bigger on the CO and LO than CC
and LC.
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Table 2. Total and relative food intake, total carbohydrate, protein and lipid intake from
adult rats maintained on a control (CC and LC groups), okara (CO and LO groups), or
low-protein (LL group) diet after weaning.

Groups
Variables CC CO LC LO LL
13) 13) (13) (13) 13)

Total food intake
)
(g/100g WB)  291+26"  283+19”%  266+31%°  206+41"°  376+46°

Total energy X X
intake 4585+322  4278+147%  3401+220™ 3199+155 1771+91°
(Kcal)

(Kcal/100g WB)  1083+96 1076173 990+115™ 1036+88™  1386+170°
Total carbohydrate

123387 1126+39% 9144597 842441 480+25°

727451 495+17% 539435  370+18"®  341+18°

(9)
TOta'(g)rOte'” 209+15 203+7  155¢10  151+7°  24+1°
Tm?;'p'd 86+6° 169+6"  64+4™  126+6%  34+2°
TOta(;'ber 62+4° 180+6"  46+3™  135+6%  2421°

Values represent the mean + standard deviation for the number of rats in parentheses.
Means with different superscript uppercase letters are significantly different by two-way
analysis of variance, and those with superscript lowercase letters are significantly
different by one-way analysis of variance followed by LSD test (p<0.05). *indicates the
difference between nutritional states, and *indicates the difference between diets.

The treatment with the okara based diet decreased in 9% the weight gain
(p<0.001) and independent of the diet, the nutritional recovery improved the weight
gain in malnourished animals (Table 3). At the end of the experimental period, the body
weight (F1 47=93.45, p<0.0001) and the weight gain (F1 47=36.13, p<0.0001), were lower
on the LC and LO groups when compared with CC and CO. In addition, analyzing the
nutritional recovery, the highest body weight (F3:=282.65, p<0.0001) and weight gain
(F236=397.59, p<0.0001) were found on the LC group, followed by LO and LL. The fat
deposit on the epididymal and retroperitoneal adipose tissues was lower on the
recovered animals when compared to controls (F116=27.75, p<0.0001 and F; 16=22.07,
p<0.001). The LC group obtained, on both tissues, the biggest absolute weight, followed
by LO and LL (p<0.0001). To the interscapular brown adipose tissue there was no
significant difference between groups. When expressed per 100g of body weight, the
weight of epididymal (F;16=15.92, p<0.001) and retroperitoneal (F;16=9.05, p<0.01)
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adipose tissue were lower in the LC and LO groups when compared with the CC and
CO. Also on both tissues, the relative weight was similar between the LO and LL
groups and these 27% (RWAT) and 23% (EWAT) lower than LC (p<0.05). In brown
adipose tissue there was similarity among LC and LO groups and these lower than LL
(F,,13=48.02, p<0.0001).

Table 3. Final body weight, weight gain, absolute and relative weight of epididymal,
retoperitoneal and brown fat obtained from adult rats maintained on a control (CC and
LC groups), okara (CO and LO groups), or low-protein (LL g_]roup) diet after weaning._

Groups
Variables cC cO LC LO LL
(13) (13) (13) (12) (14)
Final body . .
weight 425435  399+32% 3464327  310+24"°  130+18°
@)
Welg(g; G8IN 362631 335:20"  318:31"  283x22™  102¢15°
Ep'd'd(é;“a' fat 743 65:09 4208 3:04°  15:04°

(9/100g WB) 1.5+0.4 1.4+0.3 1.1+0.2™  0.8+0.1™  0.9+0.1°

Retroperitoneal
fat 8+3 7.6+0.9 5+0.17 4+0.8" 1.840.7°
(9)

(g/100g WB) 1.8+0.5 1.60.2 1.5+0.3%  1.1+0.3®  1.1+0.1°

Interscapular

brown fat 0.5+0.08 0.6+0.1 0.5+0.1 0.4+0.04 0.5+0.1
(9)

(g/100g WB)  0.11+0.01 0.13+0.02  0.15+0.05"  0.14+0.02° 0.29+0.03

Values represent the mean + standard deviation for the number of rats in parentheses.
Means with different superscript uppercase letters are significantly different by two-way
analysis of variance, and those with superscript lowercase letters are significantly
different by one-way analysis of variance followed by LSD test (p<0.05). * indicates the
difference between nutritional states, and * indicates the difference between diets.

As thyroid hormones (THSs) regulates several metabolic pathways, including the
carbohydrates, proteins and lipids, we measured the concentration of triiodothyronine
(T3), thyroxine (T4) and thyroid stimulating hormone (TSH) from the serum of these
animals and we found that nutritional recovery, independent of the diet, decreased the
T3 levels, however increased TSH levels (Table 4). The T3 levels were lower in LC and
LO when compared with control animals (F115=9.75; p<0.01) and with LL animals

(F212=17.96, p<0.001). When it comes to T4, there was no difference related to control
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animals, but compared to LL animals, this hormone levels were smaller on the LC and
LO groups (F212=12.5, p<0.01). The nutritional status had influence on TSH levels and
in this case, the recovery animals LC and LO exhibited higher values than control
animals (F1,15=15.20; p<0.01).

Table 4. Hormonal parameters of adult rats maintained on a control (CC and LC
groups), okara (CO and LO groups), or low-protein (LL group) diet after weaning.

Groups
Variables CC Co LC o) L
(5 4) (5) (5) (5)
T3 0.7240.2  0.74+0.3  0.44+0.1™ 047+02™  1.1+0.3%
(ng/mL)
T4 1504  1.840.6  1.7¢0.3°  23:04°  3.240.6°
(Hg/dI)
TSH 0.35:0.02 0.37:0.01 040£0.02° 0.39:0.02" 0.43+0.07
(LUI/mL)

Values represent the mean + standard deviation for the number of rats in parentheses.
Means with different superscript uppercase letters are significantly different by two-way
analysis of variance, and those with superscript lowercase letters are significantly
different by one-way analysis of variance followed by LSD test (p<0.05). * indicates the
difference between nutritional states, and * indicates the difference between diets.

Due to the high content of soluble fiber present in the based okara diet, we
evaluated the intestinal effects of this treatment and regardless of nutritional status,
there was modulation of the majority evaluated intestinal parameters (Table 5). The
intestinal absolute weight was higher in the CO group, followed by LO, CC and LC
(F1,15=10.47, p<0.01). Between groups recovered from malnutrition, the LO had obtain
higher absolute weight than LC and this was higher than LL (F;14=128.88, p<0.0001).
When expressed per 100g of body weight, the intestinal weight was higher in animals
fed with based okara diet (F;16=66.81, p<0.0001). Furthermore, the LO group had the
highest relative intestinal weight, followed by LL and this was higher than LC
(F214=32.75, p<0.0001). The intestinal length was lower in recovery animals of
malnutrition LC and LO relative to CC and CO control (F115=10.07, p<0.01). When
compared with the LL group, LC and LO groups were bigger and these were similar to
each other (F;,14=28.63, p<0.0001). When expressed per body length, intestinal length
did not differ significantly among groups. The cecal pH was lower in LO and CO
animals when compared with CC and LC and both were similar to each other
(F1,15=5.28, p<0.05). The LL group was similar to LC and both higher than LO
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(F2,12=91.03, p<0.0001). The fecal moisture was 45% higher in animals treated with
based okara diet when compared with animals treated with casein, independently of
nutritional status (F;16=41.83, p<0.0001). The LL group exhibited fecal moisture
similar to LC group and both were lower than LO (F,1,=26.72, p<0.0001).

Table 5. Weight and length, absolute and relative of intestinal, cecal pH and fecal
moisture from adult rats maintained on a control (CC and LC groups), okara (CO and
LO groups), or low-protein (LL group) diet after weaning.

Groups
Variables cC co LC Lo L
5) 4) ) (6) (6)
Intestinal weight ¢, 9c 2643 13+05%  10+1B 742°

(9)
(g/100g BW) 3.8+0.6 5.9+0.8" 3.8+0.4°  57+0.4™  4.4+0.4°

'”tes“(r(‘:?:] )'ength 12049 136+10 12244 11948 038’
Intestinal length 5104 54105 54203 51204 51204
relative
Cecal pH 7.5+0.2%  6.5+0.2° 76401  6.2+401%°  7.6+0.2°
Fecal (%'St“re 52+3 70+6" 50+1°  77+12% 49+

Values represent the mean + standard deviation for the number of rats in parentheses.
Means with different superscript uppercase letters are significantly different by two-way
analysis of variance, and those with superscript lowercase letters are significantly
different by one-way analysis of variance followed by LSD test (p<0.05). * indicates the
difference between nutritional states, and  indicates the difference between diets.

As the animals treated with okara consume more lipids and the nutritional
recovery with okara decreased the EWAT and RWAT weight, we carried out analyzing
oxygen consumption to check the energy expenditure of those animals (Figure 1). The
oxygen consumption was lower on animals treated with based okara diet (CO and LO)
when compared with CC and LC animals (p<0.05). The light phase had an additional
effect on nutritional status, when recovery animals LC and LO exhibited lower VO,
than CC and CO animals. The LC animals had shown higher O, consumption than LO
and LL animals and on the dark phase there was significant difference among the last

two groups, with LL maintaining the lowest rate of VO,.
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Figure 1. Oxygen consumption of 24 hours, light and dark cycle of adult rats maintained
on control casein (CC and LC groups), okara (CO and LO groups) or low-protein (LL
group) diets after weaning. The bars are expressed as the mean + SEM (n=4 rats) of
oxygen consumption measured during the entire period cited. Means with different
uppercase letters are significantly different by two-way analysis of variance followed by
Holm-Sidak method, and those with lowercase letters are significantly different by one-
way analysis of variance followed by Tukey test (p<0.05). *indicates the difference
between nutritional states, and *indicates the difference between diets.

According to the O, consumption, recovery animals LC and LO moved less than
the control animals (F1,14=66.90; p<0.0001) and more than LL group in the light phase.
Moreover, in 24 h of acquisition data, LO animals presented a pattern of spontaneous

activity lower than LC animals (p<0.0001).
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Figure 2. Spontaneous activity of 24 hours, light and dark cycle of adult rats maintained
on control casein (CC and LC groups), okara (CO and LO groups) or low-protein (LL
group) diets after weaning. The bars correspond to spontaneous activity of the period in
arbitrary units and are expressed as the mean £ SEM (n= 4-5 rats). Means with different
uppercase letters are significantly different by two-way analysis of variance followed by
Holm-Sidak method, and those with lowercase letters are significantly different by one-
way analysis of variance followed by Tukey test (p<0.05). *indicates the difference
between nutritional states, and “indicates the difference between diets.

Due to the high-fat diet okara, we investigated the capacity thermogenic of those
animals through the gene expression (Figure 3) and protein content (Figure 4) of pro-

thermogenic factors in IBAT and a test of tolerance to cold (Figure 5). The CO and LO
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groups shown higher mRNA levels to peroxisome proliferator-activated receptor-y
coactivator (PGCla) (p<0.01) and uncoupling protein 1 (UCP1) (p<0.001) (increase in
2x and 6x, respectively) than CC and LC groups. The LO group had the PGCla gene
expression increased (Fig. 3A) when compared to LL group, while LC showed similar
values to groups LO and LL (p<0.01). The mRNA levels of UCP1 (Fig. 3C) were
higher in the LO group, while LC and LL were lower e similar between themselves
(p<0.01). However, the hormone-sensitive lipase (HSL) gene expression (Fig. 3B) was
only influenced by nutritional status (p<0.01), wherein the LC and LO groups were
lower than CC and CO and higher than LL (p<0.01). In relation to protein content, there
was no statistical differences of HSL (Fig. 4A), UCP1 (Fig. 4B), B3-adrenergic
receptors (ADRB3) (Fig. 4C) and adipose triglyceride lipase (ATGL) (Fig. 4D).
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Figure 3. Peroxisome proliferator-activated receptor-y coactivator - PGCla (A), hormone-
sensitive lipase - HSL (B) and uncoupling protein 1 - UCP1 (C) mRNA analyzed by real-time
polymerase chain reaction in IBAT of adult rats maintained on control casein (CC and LC
groups), okara (CO and LO groups) or low-protein (LL group) diets after weaning. The bars are
expressed as the mean + SD (n=4-5 rats). Means with different superscript uppercase letters are
significantly different by two-way analysis of variance, and those with superscript lowercase
letters are significantly different by one-way analysis of variance followed by LSD test
(p<0.05). *indicates the difference between nutritional states, and *indicates the difference
between diets.
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Figure 4. Hormone-sensitive lipase - HSL (A), uncoupling protein 1 - UCP1 (B), 3-
adrenergic receptors - ADRB3 (C) and adipose triglyceride lipase - ATGL (D) content
IBAT from the adult rats maintained on control casein (CC and LC groups), okara (CO
and LO groups) or low-protein (LL group) diets after weaning. Equal amounts of
protein (80ug) were run on SDS-PAGE. The results were normalized to the content of
GAPDH. The bars are expressed as the mean + SD (n=3-5 rats). Means with different
superscript uppercase letters are significantly different by two-way analysis of variance,
and those with superscript lowercase letters are significantly different by one-way
analysis of variance followed by LSD test (p<0.05). *indicates the difference between
nutritional states, and *indicates the difference between diets.

A cold tolerance test has confirmed that the thermogenic capacity of the rats was
improved by okara diet, independently of nutritional status after 4h test (Figure 5). The
body temperature before cold exposure (Fi16=6.88, p<0.05) and further to 4h
(F1,16=16.34, p<0.001) was higher in the animals fed with okara diet compared with
animals treated with casein. Furthermore, with 4h exposure to cold, animals LO
managed to kept the body temperature higher than the LL and LC groups, which were
similar among themselves (p<0.001). After 3h of test, independently of diet, groups
recovered from the malnutrition maintained higher body temperature in relation to
controls (F1,16=6.40, p<0.05). At the end of cold exposure (5h), the LO group had higher

body temperature than CC, CO and LC groups, and these were similar among
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themselves (F1 16=5.66, p<0.05). Additionally, when compared to the group LL, the LO
kept greater body temperature, followed by LC (F,,10=36.51, p<0.0001).
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Figure 5. Cold tolerance test on adult rats maintained on a control casein (CC and LC
groups), control okara (CO and LO groups), or low-protein (LL group) diet after
weaning. The bars are mean = SD (n=3-5 rats). Means with different superscript
uppercase letters are significantly different by two-way analysis of variance, and those
with superscript lowercase letters are significantly different by one-way analysis of
variance followed by LSD test (p<0.05). *indicates the difference between nutritional
states, and "indicates the difference between diets.

As the animals treated with okara consume more lipids and the nutritional
recovery decreased the EWAT and RWAT weight, we carried out analyzing ex vivo
lipolysis of those animals (Figure 6). Rats fed with okara diet after weaning, presented
significantly higher rates of lipolysis stimulated (+ isoproterenol) than the animals
treated with casein under the same condition (Fy14=4.93, p<0.05). However, in the
RWAT had no statistical differences among the groups, both baseline and stimulated
state (Figure 6B). The ratio pLHS/LHS total in stimulated EWAT was similar among all

groups (Figure 6C).
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Figure 6. Ex vivo lipolysis on EWAT (A), RWAT (B) and phosphorylation of HSL (C)
in the stimulated EWAT on adult rats maintained on a control casein (CC and LC
groups), okara (CO and LO groups), or low-protein (LL group) diet after weaning. The
bars are mean + SD (n=3-5 rats). Means with different superscript uppercase letters are
significantly different by two-way analysis of variance, and those with superscript
lowercase letters are significantly different by one-way analysis of variance followed by
LSD test (p<0.05). *indicates the difference between nutritional states, and *indicates
the difference between diets.

DISCUSSION

The food intake has many important functions that involve the providing of
calories to supply energy needs and amino acids to protein synthesis. When there is
protein deficiency in diet, the food intake tends to be higher in order to obtain sufficient
amounts of these macronutrients to sustain protein synthesis (Lowel & Spiegelman,
2000) and for animals LL, in spite of consuming less grams of diet, when we corrected
to the weight, this consumption is significantly higher than the recovered animals,

demonstrating that recovery was able to decrease hyperphagia commonly observed in
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malnourished animals. Furthermore, it was observed in our LL animals, lower oxygen
consumption and spontaneous activity and according to literature, the low protein intake
(around 6% casein) is also related to the decrease of basal metabolism (Horst, Mendel &
Benedict, 1933). Another important factor to be considered is that the basal metabolism
is not linear even when compared with animals from the same specie, due to be
influenced besides other factors, by age, under or over-feeding, total body mass, height
and specific metabolic rate of each organ (Even et al., 2001). In relation to group LO,
we can infer that its lower spontaneous activity contributed to a reduction of your VO,
however we cannot say the same for the CO group, which showed activity pattern
similar to the CC and still lower VO,. Although serum levels of THs found in the study
did not explain the reduction of VO, CO and LO animals, they can also influence the
oxygen consumption through the personalized signaling in some organs. In this case,
the activation of the metabolic effects THs depends on the deiodination pathways that
occur inside the target cells, which were non evaluated in this study and are apparently
invisible from the viewpoint of plasma (Bianco, 2011).

Our data shown that fiber intake 2x higher in animals treated with okara was
effective in increasing the fecal moisture, decreasing the cecal pH and increasing the
total intestinal weight, even with relative intestinal length similar to the other groups
and this effect can be attributed to the soluble fibers fermentation (Saad, 2006) and by
the mechanical activity of insoluble fiber of this subproduct (Bowles & Demiate, 2006).
This intestinal fermentation generates microbial metabolites, such as short chain fatty
acids (Préstamo et al., 2007), that in addition to altering the intestinal pH, can also
influence in the nutrients bioavailability (Venema, 2010). Studies using different diets
supplementation with okara have found: increased use of dietary fiber, less iron
absorption (Matsuo, 1996) and higher apparent absorption and real retention of calcium
(Jiménez-Escrig et al., 2008).

Furthermore, in this study, we have shown that okara was capable of reducing
the total dietary intake, the body weight gain and additionally when administered to
animals submitted to protein restriction it was effective in suppressing the EWAT and
RWAT weight. When investigating lipolysis in these tissues, we demonstrated that
possibly the animals treated with okara are more sensitive to stimulants ADRB3 only in
EWAT, although the p-HSL/HSL ratio do not explain the increase of lipolysis

stimulated, it is possible that has an alteration in other lipolysis step, such as ATGL of
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activation that is an event also important to the mobilization from TAG (Lass et al.,
2011). In 3T3-L1 cells isoproterenol-stimulated the overexpression of ATGL increased
release of free fatty acids and glycerol, while the ATGL siRNA had the opposite effect
(Kershaw et al., 2006). The two analyzed fat stores may respond metabolically different
to fat of the diet (Gaiva et al., 2001), this may be attributed the different functions of
these tissues in relation energy metabolism. Is proposed that in the EWAT occurs a
buildup of essential fatty acids dietary and as a result of the suppression of lipogenesis
by steroid hormones we have the supply of polyunsaturated fatty acids for the
epididymis. Thus, while the EWAT seems to regulate metabolism site, appears to
respond RWAT for the maintenance of energy homeostasis corporal (Caesar et al.,
2010).

Animals fed okara consumed more lipids due to diet composition and possibly
this factor has contributed to reduction of food intake, because it can stimulate the
increase the secretion of cholecystokinin which is a hormone related to the process of
satiety (Maggio et al., 1988; Woods & D'Alessio, 2008). Additionally, studies show that
high fat content feed generates diet-induced thermogenesis (Young et al., 1982) and
increased tolerance to cold (Qiu et al., 2001). Animals fed okara diet showed increased
cold tolerance, increased body temperature even before the test and despite showing
larger expression of mMRNA from pro-thermogenic genes in IBAT, we did not find the
same result for the protein content of HSL, ATGL, ADRB3 and UCPL1 in this tissue.

In conclusion, the present study in vivo demonstrated that the okara diet possibly
has reduced energy expenditure, but was effective in increases tolerance cold, in weight
control and fat deposits reduction in animals recovered from malnutrition, besides

having beneficial intestinal effects that are independent of the nutritional status.
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