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RESUMO

Avaliamos o valor biologico da dieta a baseakara e seus efeitos sobre o pefrfil
hormonal e metabdlico em ratos submetidos a réstiigotéica durante a vida intra-
uterina e a lactacao e recuperados apos o desrRatws. machos de maes alimentadas
com dieta contendo 17% e 6% de proteina duranteavidgz e lactacdo foram
desmamados e mantidos com dieta caseina 17% (OCdigfa a base dekara 17%
(CO, LO) e dieta caseina 6% (LL) por 60 dias. Aliglagle da proteina dokara foi
equivalente a proteina da caseina. Ingestao emargétsoluta e relativa foi menor nos
ratos LO e CO, mas o peso corporal ndo diferiveensr grupos. Os pesos absoluto e
relativo das gorduras epididimal e retroperitorieedm menores nos grupos LO, LC e
CC comparados com o grupo CO. A concentracdo destewbl LDL foi menor nos
ratos LO e CO comparados com os ratos LC e CC. $tade alimentado, as
concentracdes séricas de glicose e insulina, assima razao insulina:glicose foram
menores nos ratos LO, CO e LC do que nos ratos ACConcentracdo sérica de
glucagon néao diferiu entre os grupos, mas a rakz@agon:insulina foi maior nos ratos
LO, CO e LC do que nos ratos CC. O conteudo deoggicio hepatico e muscular
foram menores nos ratos LO e CO do que nos ratos OC. O conteudo de gordura
hepética foi maior nos ratos LO e CO do que nassrBC e CC. Contudo, o contetdo
de gordura hepatica nos ratos LO foi menor do gqugeratos LL. A area sob a curva
durante os testes de tolerancia a glicose e aggdodoi menor nos ratos LO e CO do
qgue nos ratos LC e CC, e q;Kao diferiu entre os grupos. Portanto, a dietase lile
okarafoi eficiente na recuperagéo de ratos em crest¢on@neviamente desnutridos e
preveniu o desenvolvimento de obesidade, estehépsgtica e intolerancia a glicose.

Palavras-chaves: Okara desordens lipidicas, esteatose hepatica, desimtri

recuperacao nutricional.
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1. INTRODUCAO

O Brasil € o segundo maior produtor mundial de sogstimam-se uma producado de
75,04 milhdes de toneladas para a safra de 20168&rMJo Mato Grosso o maior
produtor nacional com a maior area plantada no, &% milhdes de hectares.
Mundialmente, apenas 7% da producéo de soja d&addtis para alimentacdo humana
e 0S subprodutos obtidos pelo processamento dos,@ao geralmente descartados ou
destinam-se a fabricacéo de racdo animal (Peldbergoni & Guerra, 2004; Amaral,
2006; CONAB, 2011; Bellaver & Snizek, 2011).

A soja da origem a diversos produtos e subprodatoap o residuo do seu extrato
aquoso, denominadokara (Bowles, 2005), palavra japonesa que significa caas
honoravel” (Van Der Riet, Wight, Cilliers & Datel989). Segundo Cavalheiro et al.
(2001), a farinha do residuo de soja contém, ene Basa, 30,3% de carboidratos,
38,0% de proteina, 12,2% de lipideos, 16,1% deadibe 3,4% de cinzas.
Aproximadamente um terco do conteudo de isoflavai@asoja € transferido akara
Por apresentar concentracédo protéica semelharde gréos de soja, akara apresenta
um grande potencial para ser utilizado como foet@utrientes e isoflavonas (Jackson
et al., 2002).

Apesar da alta qualidade nutricional, a digestlhtie dos produtos derivados da
soja é comprometida pela presenca de fatores #itiooais e pelo processamento
térmico ao qual sdo submetidos (Pinto & Castro8200s inibidores de proteases séo
0S principais agentes antinutricionais presentesojg Outros agentes biologicamente
ativos presentes sao o acido fitico, hemaglutinisaponinas e constituintes fenélicos
(Liener, 1994). A secagem é um dos tratamentosidésmcapazes de reduzir e/ou
garantir que a acdo destes fatores antinutricioeaieja em niveis aceitaveis e,
simultaneamente, leva a diminuicdo da umidade, zieda a possibilidade de
deterioracdo biolégica e de outros mecanismos teridecdo (Singh & Heldman,
1998).

Durante 0 seu processamento, que consiste em éattartérmico e secagem, 0
okaraperde grande parte dos fatores antinutricionaimeatando o valor nutricional de
sua proteina (Bayram, Kaya & Oner, 2004; Aguirralgt1981; Pinto & Castro, 2008),
que possui um bom perfil de aminoécidos (Katay&migilson, 2008).

Assim como outros subprodutos da soja, o usokidoa na alimentacdo humana
poderia exercer efeitos fisiolégicos e metabdlipom/entivos ou terapéuticos em uma

série de doencas cronicas, como obesidade, destijpéds e diabetes mellitus tipo 2
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(Santos, Bedani & Rossi, 2004; Hasler, 1998; Pattenl., 1998; Souza, Valle &
Moreno, 2000; Matsumoto, Watanabe & Yokoyama, 200éyido ao seu baixo custo
e elevado valor nutricional, akara poderia também ser uma alternativa alimentar para
a recuperacdo de individuos desnutridos em fasigasr do desenvolvimento,
potencialmente propensos a desenvolverem a sindratadolica na vida adulta.

Em periodos criticos do desenvolvimento, o orgaoigmcapaz de responder a
situagbes ambientais que s@o estranhas ao seuvolegeento normal, através de
adaptacbes moleculares, celulares e bioquimicasasEsadaptacoes produzem
modificacbes permanentes na fisiologia e no mei&hbol Assim, mesmo na auséncia
do estimulo que as iniciam, o organismo continex@essar essas adaptacdes, e esse
processo € denominado “programacao metabdlica’a@,ur991).

Hales & Barker (1992) expandiram o conceito de gpamacado metabolica” e
propuseram a hipétese do “fendtipo da economiad paplicar a associacdo entre ma
nutricdo fetal e neonatal e doencas metabdlicasdaaadulta. Segundo essa hipotese,
organismos metabolicamente programados pela sugAwintra-uterina maximizam a
captacdo e a conservacdo de nutrientes. Essaegirgarante a sobrevivéncia em
periodos de escassez de nutrientes. Quando o smpoimlimentar € abundante, a prole
com o “fendtipo de economia” acumula o excesso Wdaemtes na forma de gordura
predispondo-a a obesidade e outras doencas metholi

Estudos em roedores tém mostrado que a ma nuttigémte a vida intra-uterina
e/ou lactacdo causa malformacdes nos nucleos Kpotas envolvidos no controle do
balanco energético (Bennis-Taleb, Remacle, Hoetedens, 1999), produz alteragbes
morfolégicas e funcionais no péancreas endocrinpe@almente das células beta
pancreaticas (Desai, Crowther, Lucas & Hales, 1986rraca, Carneiro, Boschero &
Mello, 1998a), e nos sitios de acdo da insulinga¢fd, tecidos muscular e adiposo)
(Desai et al., 1995; Desai et al., 1997; Latorr&aneiro, Boschero & Mello, 1998a).
Essas alteragcbes resultam em hiperfagia, aumen® dipdsitos de gordura,
dislipidemia e resisténcia a insulina (Zambranalgt2006). A incapacidade funcional
das células beta pancreaticas (Latorraca et a@8)9e a demanda aumentada por
insulina devido a obesidade e a resisténcia aim@swontribuem para alteracées no
metabolismo de carboidratos e na homeostasiangbe&Zambrano et al., 2006).

Em modelo de restricdo protéica na vida intra-ntee lactacdo, as alteracdes no
metabolismo dos carboidratos no figado tém sidibldttas, ao menos em parte, ao

aumento da atividade da fosfoenolpiruvato carbarage e reducdo da atividade da
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glicoquinase, indicando aumento da sintese emnuatto da utilizacdo da glicose
(Desai et al., 1995). A regulacdo hormonal da p¢éd de glicose hepética também se
encontra alterada nesse modelo animal. A insulaonsegue inibir a producéo de
glicose hepatica estimulada por glucagon e essagm@ntambém apresentam reducao
do numero de receptores de glucagon e resistéadmm@nonio. Paralelamente, esses
animais apresentam aumento da concentracdo detoexepde insulina e de
transportador de glicose 2 (GLUT 2) (Ozanne, Sniitkerpae & Hales, 1996a).

A resisténcia a insulina e as alteracoes no masaholda glicose observadas em
modelo de restricdo calorico-protéica na vida Hotexrina sdo acompanhadas por
acumulo de lipidios hepaticos e aumento da sudadditle ao desenvolvimento de
figado gorduroso na vida adulta. A propensédo amfiggorduroso nesse modelo parece
resultar do aumento da expresséo de fatores dectigdio, de componentes da via de
sinalizacao da insulina e de enzimas envolvidasimase de acidos graxos (Thompson
et al., 2007; Magee, et al., 2008; Yamada et @lL1»

O tecido muscular e adiposo de animais submetiaoé autricdo em fases criticas
do desenvolvimento exibe alteracées em varios patswia de sinalizacéo de insulina
(Latorraca et al., 1998b; Ozanne, Wang, Colemannétl§ 1996b; Shepherd et al.,
1997). Em adipdcitos, embora essas alteracdesuadicaumento da sensibilidade a
insulina, os estudos sobre a lipdlise tém mostrpdoo tecido adiposo desses animais
exibe certo grau de resisténcia ao hormoénio, ceratio a incapacidade da insulina
inibir a lipolise em resposta ao isoproterenol (@maet al.,1999; 2000).

A soja e seus subprodutos exercem efeitos benéBobse a homeostase
energética, o metabolismo de carboidratos e ddidigi Seus componentes (isoflavonas
e proteina) parecem atuar juntos ou separadaméetanalo diversos parametros
hormonais, neuroendocrinos e metabdlicos envolvigosegulacdo do peso corporal,
gasto energético e comportamento alimentar. Aagofa tem efeito ambiguo sobre a
ingestao alimentar (Lephart et al., 2004; Penzal.e2006; Davis et al., 2007), mas o
seu consumo invariavelmente esta associado a r@dwcacumulo de gordura corporal
(Davis et al., 2007; Michael et al., 2006). Essatefparece resultar do aumento das
concentracdes de triiodotironina e da proteina agdadora — 1 (UCP-1) no tecido
adiposo marrom, que alteram o gasto energétictearegénese (Lephart et al., 2004).
Adicionalmente, estudos em adipécitos brancosdesliaém mostrado que a genisteina,
uma isoflavona da soja, diminui a lipogénese, atananlipolise e neutraliza a acao
antilipolitica da insulina (Szkudelska, NogowskiSkudelski, 2000; 2008). Quando
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incorporada a uma dieta hiperlipidica, a proteinasdja tem efeito redutor sobre a
adiposidade por aumentar a capacidade termogéogadipdcitos marrons, mediado
por um aumento da expressao de UCP-1 (Torre-Vat\et al., 2008).

Estudos tém apresentado evidéncias convincentegjude a soja e seus
subprodutos afetam positivamente a homeostasengtiaé por modularem a secrecao
de insulina e a agdo desse horménio em tecidogipens. O padrdo de aminoacidos da
proteina da soja e as isoflavonas tém sido asssiadmudancas da secrecdo de
insulina, contudo a resposta secretoria € bastariavel. Em modelo animal de
hiperinsulinemia, o efeito combinado dos amino&ido de isoflavonas da soja
produziu alteracdes na morfologia (reducdo da &as ilhotas e do conteudo de
insulina) e reduziu o transporte de glicose nastalh pancreéticas e, portanto, a
secrecdo de insulina (Noriega-Lopez et al., 208R). animais hipoinsulinémicos, a
dieta a base de farinha de soja aumentou a secdecasulina (Veloso et al., 2008).
As altas concentracBes de arginina presentes naimmoda soja (Torres, Torre-
Villalvazo & Tovar, 2006) parecem contribuir paraemento da insulinemia, uma vez
gque esse aminoacido é um potente estimulador dacsecde insulina (Fajans, Floyd,
Knof & Conn, 1967). Os efeitos inibitério (Persatthrris, Burns & Jones, 1999) ou
estimulatorio (Sorenson, Brelje & Roth, 1994; Otetcal., 1993; Jonas et al., 1995;
Verspohl, Tollkiihn & Kloss, 1995) da genisteinarsoh secrecdo de insulina tém sido
atribuidos a inibicdo da atividade tirosina quin@Bersaud, Harris, Burns & Jones,
1999; Sorenson, Brelje & Roth, 1994) e/ou aumelt@ahcentracdo de AMPc (Ohno
et al., 1993) e da proteina quinase A (PKA) (Lialet2006) e reducdo da atividade da
proteina quinase C (PKC) (Persaud, Harris, Burdeges, 1999).

Considerando que, em roedores, o0 musculo esqueléficesenta mais de 40%
da massa corporal total, 0 aumento da sensibilidadsulina em resposta a soja, seus
subprodutos ou componentes se deve, em grande dat@o da insulina no musculo
esquelético (Cederroth et al., 2008; Lavigne, Mar&tJacques, 2000; Um et al., 2004).
A proteina da soja é pobre em leucina, isoleucimaliea em relacéo a caseina, e esse
perfil de aminoacidos tem sido associado ao aumdat@aptacdo da glicose e da
sensibilidade a insulina no musculo esqueléticoifjree, Marette & Jacques, 2000). Os
aminoacidos de cadeia ramificada sdo predominamtenmeetabolizados no musculo
esquelético e inibem a fosforilagdo do receptorirdeilina e de seus substratos e,
consequentemente, a capatacao de glicose (Schweday&ond, 1987; Patti et al.,

1998). A genisteina também parece modular posievéena via de sinalizacdo da
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insulina por impedir a fosforilagdo em serina dangiro substrato do receptor de
insulina 1 (IRS1) (Um et al., 2004). Por outro ladogenisteina inibe a captacédo de
glicose estimulada pela proteina desacopladora=®¢8) (Huppertz et al., 2001).

Pesquisas tém mostrado que a soja e seus derivaxtihdam o metabolismo de
lipidios no figado. Em ratos geneticamente propers obesidade, o consumo de
proteina de soja reduziu o acumulo de colesteraeetriacilglicerol no figado,
prevenindo o desenvolvimento de figado gorduroswdil et al., 2005). A reducéo do
colesterol hepatico foi associada a diminuida esgdt@ do receptor X e seus genes
alvos no figado. A diminuicdo da gordura hepatera sido atribuida ao aumento da
oxidacdo de acidos graxos e a reducdo de fatordsadscricdo e enzimas chaves
envolvidas na sintesde novode acidos graxos (Tovar et al., 2005; Ascencialet
2004). Esses efeitos sdo mediados, ao menos ere, geato aumento da razédo
glucagon:insulina resultante da reduzida razandiarginina e aumentada concentracao
de glicina presente na proteina da soja (Torresed\dllalvazo & Tovar, 2006).

A ingestdo de soja também tem sido associada aoraetio perfil lipidico
sérico, sendo a isoflavona considerada o prin@gahte hipolipidémico devido a sua
atividade estrogénica e antioxidante (Anthony, 2@®@alkowski, Skierski & Mazurek,
2000; Wilson et al., 2002). Em modelo animal debetias tipo 2, o tratamento com
dieta a base de proteina de soja rica em isoflaremdtou em melhora do metabolismo
de lipidios, similar aquela observada em humaretados com fibratos e glitazonas.
Esses animais exibiram aumento da expressao dasmss alfa e gama do receptor
ativado por proliferadores do peroxissoma (PRAR) (Mezei et al., 2003).

Especialmente durante a recuperacdo nutricionalamenais submetidos a
restricdo protéica durante a vida intra-uterinalactacdo, uma dieta a base de farinha
integral de soja teve baixa eficiéncia energétiefletida em menor proporgdo de
proteina na carcaca e menor massa gorda, devidmes a menor digestibilidade da
proteina (Cheim et al., 2009). A concentraca@aéte T3 e o conteudo de UCP-1 no
tecido adiposo marrom foram reduzidos, mas a cdpdeitermogénica nao foi afetada
pela dieta. A taxa de lipdlise em resposta ao atepenol foi reduzida no adipdcito
branco (Paiva et al., 2011). Houve um aumento dees#&o de insulina, atribuida a acao
da genisteina sobre a via do AMPc/PKA (Veloso £t24108). Apesar do aumento da
insulinemia, esses animais mantiveram-se eugliag@nipossivelmente a custa do
aumento da producdo de glicose hepatica, tendoigta as baixas concentragbes de

glicogénio hepatico (Arruda Oliveira et al., 2008sses animais exibiram aumento da
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razao insulina:glucagon no soro e alteragdes ndevieansducédo do sinal de insulina no
figado, compativel com estado de resisténcia amdwip (Feres et al., 2010). Embora
resistentes a acdo da insulina, os animais exibitaminuicdo da lipogénese e do
acumulo de gordura no figado, devido a reducaocodteddo da enzima malica e ATP-
citrato liase (Reis, 2007) e da expressdo génipeotgica da acetil-CoA carboxilase
(Milanski et al., 2009).

O okaratambém tem se mostrado eficaz na prevencdo dédalies esteatose
hepatica e desordens do metabolismo lipidico (Matso, Watanabe & Yokoyama,
2007). Ratas Wistar mantidas com dieta a baseokbra apresentaram maior
fermentacdo fecal e diminuicdo do peso corporaés@mo et al.,, 2007). A
suplementacdo da dieta com fibra dietética oridmlakara aumentou a concentracao
de acido butirico e a atividade antioxidante na¢eesultando em reducao do ganho de
peso corporal e da colesterolemia (Jiménez-Esdrgnorio, Espinosa-Martos &
Rupérez, 2008). ©@kara associado a uma dieta hiperlipidica reduziu a extnacéo
sérica de lipidios e de colesterol. Esses efeitagficos tém sido atribuidos a sua

proteina e seu teor de fibras (Villanueva et &1,19.
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3. OBJETIVOS

3.1 Geral

Avaliar o valor biologico da dieta a base oleara e os seus efeitos sobre o perfil

hormonal e metabdlico em ratos adultos submetidestaicdo protéica na vida intra-

uterina e a lactacdo e recuperados ap0s o desmame.

3.2 Especificos

a.

Determinar nookara a composi¢cdo centesimal, o conteudo de isoflavenas

contelido de fibras.

Analisar a qualidade da proteina das dietas, atrdaé&omposicdo aminoacidica, da
razao de eficiéncia protéica, da razdo protéicaiday da razdo de eficiéncia

alimentar e da digestibilidade verdadeira.

Determinar as concentracfes séricas das transawsiteepaticas, de uréia e de

creatinina.

Estabelecer o perfil nutricional de ratos recupesadom dieta a base adkara,
tendo como parametros o consumo alimentar, o pegmm@l, o peso de érgaos
(figado, musculo gastrocnémio, gordura retropegdbne epididimal) e as

concentracdes seéricas de proteinas viscerais {ipasteotais, albumina e globulina).

Examinar o perfil hormonal de ratos recuperados dimta a base dekara, através

da concentracéo sérica de insulina e de glucagon

Analisar o perfil metabdlico de ratos recuperados adieta a base dekara

verificando a glicemia de jejum e pés-prandiablaréincia a glicose durante o teste
intraperitoneal de tolerdncia a glicose, a produd&oglicose durante o teste
intraperitoneal de sensibilidade ao glucagon ntedes de jejum e pés-absortivo e
a producéo de glicose durante o teste intrapeatathe tolerancia ao piruvato nos

estados de jejum e pds-absortivo.

Determinar o perfil metabdlico, analisando as reserde glicogénio hepatico e

muscular nos estados de jejum e pds-absortivooate@do de gordura hepatica.
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ABSTRACT

We assessed the biological value ofakiara diet and its effects on the hormonal and
metabolic profile of rats submitted to protein rigsion during intra-uterine life and
lactation and recovered after weaning. Male ratsnfmothers fed either 17% or 6%
protein during pregnancy and lactation were maneigion 17% casein (CC, LC), 17%
okara (CO, LO) or 6% casein (LL) diets over 60 days. Tharitional quality of the
okaraprotein was similar to that of casein. Total aeldtive energy intake was lower in
LO and CO rats, but body weight did not differ amdhe groups. The absolute and
relative weights of epididymal and retroperiton&sl deposits were lower in LO, LC
and CC groups than in the CO group. In the fedesta¢rum glucose and insulin
concentrations and the insulin:glucose ratio weweel in LO, CO and LC rats than in
CC rats. Serum glucagon concentrations did notedifimong groups, but the
glucagon:insulin ratio was higher in LO, CO and t&fs than in CC rats. Liver and
muscle glycogen contents were lower in LO and G© ttean in LC and CC rats. Liver
fat content was higher in the LO and CO rats timabG and CC rats. However, liver fat
content in LO rats was lower than in LL rats. Thacgse area under the curve during
glucose and pyruvate tolerance tests was loweiQmahd CO rats than in LC and CC
rats. Thuspkara diets were effective in the nutritional recoveffyearly malnourished
rats and also prevented the development of obek#&patic steatosis and glucose

intolerance.

Keywords: Okara, lipid disorders, steatosis, early malnwatnitinutritional recovery
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INTRODUCTION

Okara is a byproduct of soy milk and is rich in proteiipids and dietary fiber
(Jiménez-Escrig, Tenorio, Espinosa-Martos & Rupéf08). Okara protein has a
good essential amino acid profile amdvitro digestibility (Ma, Liu & Kwok, 1997;
Chan & Ma, 1999), and its lipids are predominapibyyunsaturated. Small amounts of
starch, sugars, potassium, and significant leviels vtamins are also present (Van der
Riet, Wight, Cilliers & Datel, 1989). In additiompproximately 1/3 of the isoflavones
present in the soybean remainsokara (Bowles & Demiate, 2006; Jackson et al.,
2002), suggesting that it is a good, low-cost sewtnutrients for human and animal
nutrition.

Okara has been shown to be effective in preventing tfpesepatic steatosis and lipid
metabolism disorders (Matsumoto, Watanabe & Yok®a007). When used as a
supplement to enrich dietary fiber in ratkara had no influence on food intake,
reduced growth rate and feeding efficiency, andeased the total short chain fatty acid
production (Préstamo et al., 2007kdDa, when combined with a high-fat diet, reduced
total lipids and cholesterol concentrations in serinom rodents (Villanueva et al.,
2011). Suppression of the increase in plasma deotds levels in a
hypercholesterolemic rat model was observed aftEuaweek treatment witlokara
(Fukuda et al., 2006). The beneficial effectokérahave been attributed to its protein
and fiber content (Villanueva et al., 2011).

Due to its reduced cost, elevated nutritional vadne beneficial effects on obesity,
diabetes and/or lipid disordexskaracould be used as an alternative feed for recogerin
from early-life malnutrition, which is a risk factéor metabolic syndrome.

The aim of this study was evaluate the biologiGlug of anokara diet and its effects
on the hormonal and metabolic profile of a rat nialdmitted to protein restriction

during intra-uterine life and lactation and recgvafter weaning.

MATERIALS AND METHODS

Animals and diets

The experimentaprocedures involving rats were performed in accocdawith the
guidelines of the Brazilian Society of Science iabbratory Animals (SBCAL) and
were approved by the ethics committee at the Fedémaversity of Mato Grosso
(process N° 23108.019180/10-3). Male and virgindiemWistar rats (85-90 days old)

were obtained from the university’s breeding colavgating was performed by housing
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male rats with female rats overnight (one malefaredfemale rats), and pregnancy was
confirmed by the examination of vaginal smearstfea presence of sperm. Pregnant
females were separated at random and maintainedtfre first day of pregnancy until
the end of lactation on isocaloric diets containG®g (low protein [LP] diet) or 17%
protein (control [C] diet). Spontaneous delivergkglace at day 22 of pregnancy after
which, at 3 days of age, large litters were redutcedight pups to ensure a standard
litter size per mother. After weaning (twenty-fidays), the males were divided into
five groups: CC, consisting of offspring born talasuckled by mothers fed a C diet and
subsequently fed the same diet after weaning; ©@@sisting of offspring born to and
suckled by mothers fed a C diet and subsequentlyafekara diet with 17% protein
after weaning; LL, consisting of offspring of mothded an LP diet and subsequently
fed the same diet after weaning; LC, consistingftdpring of mothers fed an LP diet
and a C diet after weaning; and LO, consisting féfpoing of mothers fed an LP diet
and fed arokaradiet containing 17% protein after weaning.

Theokarawas produced in the laboratory from soybe#&igi{ne may obtained from a
local market in Cuiaba, Brazil. Preparationaifara was performed according to the
Lescano et al. method (2005), with minor modificai. The soybeans were cleaned,
washed with tap water, cooked for 5 minutes (thénomacess), drained and washed
again with tap water. Water was added to the béat® of 1 kg of soybean/5 L of
water), which were then cooked for an additionaniutes, after which they were
crushed. The next stage was to cook the soybedr@)C for 10 minutes to elaborate
the soymilk, followed by a sifting process to extréheokara The okara extract was
then dried in an oven at a temperature of 55 °C graind to a powder. The
composition of the kara was analyzed using established methods. The meistu
content of theokarawas determined by weight loss after oven-dryind@8°C to a
constant weight. Ashes were determined by incirmratat 550°C for 4 hours) in a
muffle. Nitrogen content was determined by the ovi€feldahl method, using a
nitrogen conversion factor of 6.25 (AOAC, 1995).eTiat content was determined by
extraction with petroleum ether using the soxhlethod (James, 1995). Fiber content
was determined by an enzyme-gravimetric methodrdoup to Proscky et al. (1984).
The carbohydrate content was calculated by sulbiagrotein, fat and fiber content
from okaraweight.The composition of thekaraand other diets are presentedlable

1. In theokara diet, adjustments were made to equalize proteihligid content to the

casein diet, suppressing soybean oil and fiberraddcing carbohydrates. The control
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and okara diets were isonitrogenous, with 17% protein comjpmsj prepared in
accordance with the recommendations of the Amerioatitute of Nutrition AIN-93G
(Reeves, Nielsen & Fahey, 1993). The diets’ amicid aomposition was determined
by high-performance liquid chromatography (HPLCh{Par-Menacho et al., 2010;
White, Hart & Kry, 1986). The isoflavone contentdrfy okarawas also determined by
HPLC (Berhow, 2002; Murphy, Barua & Hauck, 2002).

Biological methods for evaluation of diets

Biological protein quality was determined by thetein efficiency ratigPER) and the
net protein ratio (NPR). The PER consisted of t®orbetween the animals’ weight
gain and protein consumption during twenty-eightsddhe NPR adds to body weight
gain in the protein diet group, whereas it addsvesght loss in the group fed the
protein-free diet. Additionally, the true digeslityy (TD) and food efficiency ratio
(FER) were determined. The TD was determined usinegfollowing formula: TD=
[nitrogen intake — (fecal nitrogen — metabolic fendrogen)]/nitrogen intake x 100
(Gilani & Sepehr, 2003). Fecal nitrogen was measing the micro-Kjeldahl method
(AOAC, 1995). The FER was considered to be the alsimweight gain and the
cumulative consumption of food for twenty-eight day

At 23 days of age, eighteen male rats newly weanale rats were divided into three
groups: 6 animals fed a casein diet, six animads e okara diet (both diets were
isonitrogenous with 10% protein for twenty-eighysla and six animals fed a protein-
free diet for 12 days. These diets were balancedpaepared in accordance with the
recommendations of the American Institute of NittntAIN-93G (Reeves, Nielsen &
Fahey, 1993). The rats were kept in individual sagaintained at constant temperature
(24°C) and controlled lighting (12/12-h light-datckcle). Water and food was offered
ad libitum

Determination of the metabolic, hormonal and bigulel profiles

To evaluate metabolic, hormonal and biochemicdiilpsy offspring were weaneat the

4th week after birth. They were kept in collectoages (4 to 5 animals per cage) under
standard lighting conditions (12/12-h light-darkcle) ata temperature of 24°C.
Throughout the experimental period, thés were given free access to food and water.

Food intake and body weight were recorded threediper week.
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Glucose tolerance test

At 90 days and after a 12-h fast, the rats wereimdtared glucose (200 g/L)
subcutaneously at a dose of 2 g/kg of body welBlitod samples were obtained from
the cut tail tip 0, 30, 60 and 120 min later toedetine serum glucose concentrations
(Accu-CheR portable glucose meteRoche Diagnostics, Germany). The glucose
response during the glucose tolerance test wasllatdd by calculating the total area
under the glucoseAG) curve using the trapezoidal method (MatthewstmAnh,
Campbell & Royston, 1990).

Insulin tolerance test

At 90 days and after a 12-h fast, the rats were irmdtared insulin (regular)
intraperitoneally at a dose of 1.5 U/kg of body gi®i Blood samples were obtained
from the cut tail tip 0, 5, 10 and 15 min laterdigtermine serum glucose concentrations
(Accu-ChelR portable glucose meter, Roche Diagnostics, Germahke glucose
response during the insulin tolerance test wasuated by the rate constant of plasma
glucose disappearancKif), which was calculated from the slope of the falllog-
transformed plasma glucose between 0 and 15 mirfuteslbaek, 1962) after insulin

administration when the glucose concentration dedliinearly.

Pyruvate tolerance test

For the pyruvate tolerance test, rats were fecstefl for 12 h with free access to water
before intraperitoneal injection of 2 g/kg sodiugryvate (Sigma). Blood samples were
obtained from the cut tail tip before and at 15, 80, 90, 120 and 150 minutes after
sodium pyruvate injection. Blood glucose was deteeth using the Accu-Ch&KActive
glucometer (Roche). Glucose response during thevpye tolerance test was calculated
by estimating the total area under the glucoseecx@), using the trapezoidal method
(Matthews, Altman, Campbell & Royston, 1990).

Glucagon sensitivity test

For the glucagon sensitivity test, the rats werkdefasted for 6 h and 12 h with free
access to water before intraperitoneal injectio®.@f mg/kg human glucagon (Sigma).
Blood samples were obtained from the cut tail #fobe and 5, 10, 20 and 40 minutes
after glucagon injection. Blood glucose was detasdiusing the Accu-Ch&kActive
glucometer (Roche). Glucose response during theaghn sensitivity test was
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calculated by estimating the total area under theeoge curve £G), using the
trapezoidal method (Matthews, Altman, Campbell &&on, 1990).

Biochemical and hormonal profile

The rats were decapitated, blood samples were ctetle serum was obtained by
centrifugation, and aliquots were used to measarens urea, serum creatinine, total
serum protein, serum albumin, serum globulin, sealemine aminotransferase (ALT),
serum aspartate aminotransferase (AST) levelsiprbdrofile (BT-3000 Plus, Wiener

Lab, Rosario, Argentina). Serum insulin and glueagoncentrations were determined
using the Milliplex Map Rat Endocrine Panel (Milhg) according to the

manufacturer’s instructions.

Organ weights

After medial laparotomygastrocnemiusnuscle, retroperitoneal and epididymal white
adipose tissue were quickly removed and their fneslghts determined. Livers were
removed and weighted, and aliquots were frozen idmately in liquid nitrogen and
stored at -80°C to determine hepatic fat (FolchesL& Sloane Stanley, 1957) and
glycogen (Carroll, Longley & Roe, 1956) content.eThind limb gastrocnemiuswas
excised to determine its glycogen content (Cartahgley & Roe, 1956).

Statistical analyses

The results were expressed as the mean + stanéardtidn for the number of rats
indicated. The casein amdaradiets were compared with the unpaired Studeneést.
Two-way analysis of variance (effects of nutritibretatus and diet) was used to
compare data from the CC, CO, LC and LO groups. Sdme data were analyzed by
one-way analysis of variance when assessing whelibemwas effective in improving
the nutritional status in the LC, LO and LL group8hen necessary, these analyses
were complemented by the least significant diffeestest to determine the significance
of individual differences. Levene’s test for homogity of variances was initially used
to determine whether the data complied with theiaggions for parametric analysis of
variance.P<0.05 indicated statistical significance. All stdtal comparisons were
performed using the STATISTICA software packagai&wft Inc., Tulsa, OK, USA).
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RESULTS

The okara diet possesses a higher content of glycine, argjralanine, aspartic acid,
phenylalanine and isoleucine and a lower contenprofine, methionine, cysteine,
cysteine, histidine, glutamic acid, tyrosine, valiand lysine, when compared with the
control diet.Levels of all amino acids in thekara diet were higher than in the low-
protein diet (Table 2).

The total isoflavone concentration for drlgarawas 100.5 mg/100 g. The composition
of isoflavones was predominantly biologically inaet isoflavone glucosides of
genistin, daidzin and glycitin (43.3 mg/100 g). Tiseflavone aglycone composition
was 15.5 mg/100 g, with highamounts of genistein (Table 3).

The FER in theokara diet was increased by 82% compared with the cadmth
whereas PER, NPR and TD were similar in both grqiipble 4).

Weight gain during the recovery phase was lowdrGrand LO rats compared with CC
and CO rats (fs#51.32, <0.001) but was higher in CO and LO rats than ina@
LC rats (k,84~7.60, 0.01). In recovered rats (LO and LC groups), theyhtegain was
similar and both groups showed higher weight ghantLL rats (p<0.001). At the end
of the recovery period, body weights of rats fro@ and LO groups were lower than
those from CC and CO groups: (b~ 74.84, g0.001). Additionally, the final body
weights of rats from LO and LC groups were equal] &oth exhibited final body
weights higher than LL rats €0.001). The absolute energy intake was lower inLfhe
group than in the LC, CO and CC groups (p<0.0l)e Thtal energy intake was
decreased in the CO group compared with the CCpgfe€0.01). When expressed per
100 g of body weight, the energy intake was lowereicovered rats than in control rats
(F1, 76= 4.89, 0.05), as well as in rats fed with tbkaradiet, compared with those fed
the casein diet (Fe= 127.34, p<0.001). In LO rats, the absolute eneénggke was
higher than in LL rats and lower than in LC ratbeTrelative energy intake in LO rats
was lower compared with LC and LL rat<(p001) (Table 5).

The absolute weight of livers and muscle were loinerecovered rats than in control
rats (k 4410.56, g0.01 and [£7:=14.87, p<0.001, respectively). When expressed per
100 g of body weight, liver weights were similarraits fed theokara diet, and both
groups were lower in relation to CC rats (p<0.00He relative weight of muscle was
similar in all groups. In recovered rats, the absoleight of livers and muscle were

similar but higher than in LL rats €0.001). When expressed per 100 g of body weight,
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liver weights were similar between LO and LC , amath groups had lower liver
weights than LL rats (p<0.001). The absolute anativee weights of epididymal and
retroperitoneal fat deposits were lower in the LO,and CC groups compared with the
CO group (p<0.01). In the recovered groups, thelabs weights of epididymal and
retroperitoneal fat deposits were higher comparét ¥he LL group (p<0.001). The
relative body weight of the epididymal fat deposias lower in LO and LC rats
compared with LL rats (p<0.01). No difference wéserved in the relative weight of
retroperitoneal fat deposits in the LC, LO and Ltbuyps (Table 6).

Serum urea concentration was higher in recoversdhman in control rats (= 11.00,
p<0.01) and was higher in rats fed tbkara diet than in those maintained with the
casein diet (F1g&= 16.01, g:0.001). In LO rats, the serum urea level was highan in
LC and LL rats (g0.01). Serum creatinine concentrations did notediffetween the
CC, CO, LC and LO groups. In LO and LL rats, semneatinine concentrations were
higher compared with LC rats<p.01). Serum total protein concentrations were drigh
in recovered rats than in control rats {&7.70, <0.05). In LO and LC rats, serum
total protein concentrations were higher than in fdts (p<0.01). Serum albumin
concentrations were higher in LO rats than in C@ @0 rats, as well as in LC and CO
rats, compared with CC rats{@.05). In recovered rats, serum albumin concenpimati
were higher than in LL rats (p<0.01). No differenaeere observed in serum globulin
concentrations between the CC, CO, LC and LO grolipsO rats, serum globulin
concentrations were similar to both LC and LL raerum total cholesterol
concentrations in the LO group were similar to thas the CO and CC groups and
lower compared with the LC group (p<0.01). Serum-tiensity lipoprotein cholesterol
(LDL-cholesterol) concentrations were lower in L@daCO rats compared with LC and
CC rats (F7=5.83, p<0.05). In LO rats, serum high-density fipmiein cholesterol
(HDL-cholesterol) concentrations were lower thah@and CC rats but similar to CO
rats (p<0.05). Total serum cholesterol, LDL and H&incentrations were lower in the
LO group compared with the LC and LL groups (p<(0.0No differences were
observed among the groups in the concentratiorseiafm aspartate aminotransferase
(AST) and alanine aminotransferase (ALT), triglydes and very low-density
lipoprotein (VLDL) (Table 7).

In the fasting state, neither previous nutritiosi@tus nor th@karadiet, or interaction

between these factors, interfered with the fassegm glucose, insulin and glucagon
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concentrations or the insulin:glucose and glucageutin ratios. Serum insulin
concentrations in LO rats were similar to both L@ &L rats. The insulin:glucose ratio
in LO and LL rats was similar and lower comparethwiC rats (p<0.05). In the fed
state, serum glucose and insulin concentrationsyeds as the insulin:glucose ratio,
were lower in CO, LC and LO rats compared with @6 i(p<0.01). In LO and LC rats,
the serum insulin and insulin:glucose ratios weghdr than in LL rats (g0.05). Serum
glucose concentrations were similar in LO, LC and dats. The serum glucagon
concentrations were similar among all groups. Tlieagon:insulin ratio was higher in
LO, CO and LC rats than in CC rats<(p05). In recovered rats, the glucagon:insulin
ratio was lower than in LL rats €0.05) (Table 8).

In the fasting state, liver and muscle glycogenteoindid not differ among CC, CO,
LC, LO and LL groups. The liver fat content washegin rats fed thekaradiet than

in those fed the casein diet; (=10.23, §<0.01). In recovered rats, liver fat content did
not differ but was lower than in LL rats<{@.05). In the fed state, liver and muscle
glycogen content was lower in rats fedlara than in those fed with the casein diet
(F1,1516.82, p0.001 and F15=7.86, <0.05). In LO rats, liver glycogen content was
lower than in LC and LL rats §0.05) that exhibited similar values. In the LC dr@
groups, muscle glycogen content was equal, and lotups had lower muscle
glycogen content than the LL group<(05). The liver fat content was higher in rats
fed theokara diet than in those fed the casein diet(E 17.10, g0.001). In the LO
and LC groups, liver fat content did not differ,t lhoth groups showed values lower
than in LL groups (80.05) (Table 9).

The mean total areas under the curves in respongkitose load were similar in the
rats fed theokara diet. However, LO rats exhibited high&G than LC rats, whereas
CO rats had loweAG than CC rats. In LO rats, tl was higher than in LC and LL
rats (p<0.001) (Figure 1A). The rate constant for seruncgbe disappearance (K
during the insulin tolerance test (ITT) did notfdifamong the five groups (Figure 1B).
After 6 h of fasting, the mean total areas underghicose curves during the glucagon
sensitivity test were higher in recovered rats timagontrol rats (F17~8.44, <0.05).
After 12 h of fasting, AG during the glucagon sensitivity test did not elifamong
groups (data not shown). In LC and LO rats, the mte#al areas under the glucose
curves during the glucagon sensitivity test watiérghan in LL rats (0.001) (Figure

1C). In the fed state, the mean total areas urdegliucose curves during the glucagon
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sensitivity test was higher in rats maintained ba dkara diet than in those fed the
casein diet (F;>=12.27, g0.01). In LC and LO rats, thAG during the glucagon
sensitivity test was higher than in LL ratsQp01) (Figure 1D).

After 12 h of fasting, the mean total areas untlerglucose curves during the pyruvate
tolerance test were lower in CO and LC rats tha@@rats (g0.05). In the LO group,
AG was similar to CC, CO and LC groups (Figure 1&)he fed state, the mean total
areas under the glucose curves during the pyrusldence test were lower in rats fed
the okara diet than in rats maintained with the casein dkt1.~=5.28, <0.05). No
difference was observed among the LC, LO and LlugsaFigure 1F).

DISCUSSION

As expected, th@kara diet provided lower nutritional availability of s® essential
amino acids, especially cysteine, cysteine and iom@tie, compared with the casein
diet. Additionally, the rats maintained on tlukara diet exhibited higher serum
concentrations of urea than those maintained oncHsein diet. There is a good
correlation between plasma urea concentration aatkip quality (Eggum, Beames,
Wolstrup & Bach Knudsen, 1984), and it has beenwshdhat soy protein is
proportionally more degraded to urea than casemtepr (Deutz, Bruins & Soeters,
1998). However, in this study, the quality akara protein seemed to be equivalent to
that of casein, as judged by the similar PER an® NRlues, better weight gain and
similar final body weight, despite lower absolutelaelative energy intake that resulted
in a higher FER. Thekara protein quality was also confirmed by the unaliesetivity

of hepatic enzymes (ALT and AST) and normal serusceral proteins levels, that is
marker nutritional status. Even when consumed asottly source of proteimkara
appeared to meet the protein requirements of gmpwats that were previously
malnourished. It is possible that the minimizatiohthe anti-nutritional factors by
thermal treatment contributed to efficient digestand improved bioavailability of the
okaraprotein.

Weight gain does not necessarily reflect proteioretton, and some diets can cause
water retention and/or increase fat deposits. I phesent study, protein accretion
seemed adequate because the weiglgastrocnemiusnuscle and serum creatinine
levels were similar in all groups. Creatinine isatabolite of phosphocreatine found in

muscle which shows little variation and is related to magsoass (Schutte et al., 1981).
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A soybean diet has been associated with a reduictitat deposits due to the action of
isoflavones, which increase energy expenditurelteyiag the activity of brown adipose
tissue and thyroid function (Lephart et al., 2004kahashi & Ide, 2008). Moreover, it
has been shown that the soybean diet’'s lower matieocontent and lysine/arginine
ratio, when compared with casein, reduces metadabzenergy intake, total energy
and fat gains, without significantly modifying thatal energy intake in rats maintained
on the soybean diet with an additional cornstaneht (Hurley, Richard, Deshaires &
Jacques, 1998). Thekara diet used in the present study contained conditkera
amounts of isoflavones and had a lower lysine/amgimratio but produced diverse
effects on fat deposit weight. For rats subjectegrbtein restriction in early life, the
okara diet did not alter the retroperitoneal and epichdy fat weight, whereas for the
offspring of control rats, the same diet increasetloperitoneal and epididymal fat
weight. We previously showed the unaltered thermageapacity of brown adipose
tissue in rodents maintained on a soybean flour @ilee proportions of fat deposits are
determined by the lipolysis rate, which differedoeieding on the previous nutritional
status (Paiva et al., 2011).

There is a positive association between fat bodyssmand serum triglycerides
concentration (Nakanishi et al., 2000). It has abm®en shown that soy protein
consumption prevents triglyceride accumulationhe lkiver, decreasing the deleterious
effects of lipotoxicity (Ascencio et al., 2004).dDary fiber, soy protein and isoflavones
exert beneficial effects on serum cholesterol e\@brres, Torre-Villalvazo & Tovar,
2006; Villanueva et al., 2011). In the present gtulle okara diet did not alter serum
triglycerides concentrations but reduced serum ldbblesterol levels, independently
of the body and fat weight or previous nutritiosttus. The higlokara fiber content
and low serum insulin levels may contribute to tb@uction of serum LDL-cholesterol
levels because insulin is directly associated Wiploprotein, and dietary fiber is
inversely associated with serum cholesterol comagahs (Orchard et al., 1983;
Capaldo et al., 1985; Jenkins & Jenkins, 1984).

In general, soybean protein possesses a high aegysine ratio and glycine content,
and this amino acid profile enhances serum glucaguh reduces the serum insulin
level, thus increasing the serum glucagon:insuéitior (Torres, Torre-Villalvazo &
Tovar, 2006). In the present study, thieara diet increased the serum glucagon:insulin
ratio, despite no modification of serum glucagowrels. Curiously, although this

hormonal profile points to catabolic (lipolysis)stead of biosynthetic (lipogenesis)
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processes, we observed enhanced fat liver corgspécially in the offspring of control
rats. In the recovered rats, thkara diet prevented typical fat deposition observed in
malnutrition. It is possible that the increaseduserglucagon:insulin ratio produced
excessive mobilization of body fat that was starethe liver. It is also conceivable that
increased short chain fatty acids (especially &esetand propionate), derived from
elevated fiber content in thakaradiet, may be involved in fat accumulation in adipo
tissues and livers. This assumption was based @rattt that acetate and propionate
stimulate fat accumulation in liver and adipossues (Miyazaki et al., 2001; Hong et
al., 2005).

The glucagon:insulin ratio and the availability safbstrates are determinants for the
metabolic directions in glycogenolysis/glycogeneaisd gluconeogenesis/glycolysis
and are therefore important contributors to meiablbmeostasis. Our findings are
consistent with these statements. To obtain ismygimous diets, the carbohydrate
content was reduced in tlo&aradiet, which, combined with its high fiber contemtay
have contributed to reduced serum insulin levetsahigh glucagon:insulin ratio in the
fed state. In rats maintained on thieara diet, the low insulin:glucose ratio in the fed
state, and the areas under glucose curves forllbesg tolerance test and the pyruvate
tolerance test indicate higher insulin sensitivisjowever, the I value and the
metabolic parameters in the fasting state indicatenal insulin sensitivity. Because
pyruvate (together with citrate) is the main sowtéepatic glucose production after a
long fasting period, it is possible that thieara diet was able to block gluconeogenesis
in the fasting state. It is also reasonable to tyg®ize that, in the fed state, the low area
under the glucose curves during the pyruvate toterdest reflects a shift of hepatic
glucose produced by glycogen synthesis favoring réygosition of low glycogen
reserves. Low glycogen reserves can be partiallpaesible for a relatively reduced
liver weight. The unaltered area under the glucoseves, during the glucagon
sensitivity test at 6 h and 12 h of fasting, intécaormal glucagon sensitivity in rats fed
anokaradiet. In the fed state, the increased glucagonimsatio was reinforced by the

glucagon challenge and resulted in a high

CONCLUSION
Our results indicate that thekara diet was effective in the nutritional recovery of
growing rats who suffered early malnutrition. Moveg the okara diet prevented
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obesity, hepatic steatosis and glucose intolerame® animal model prone to diabetes

mellitus.
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HIGHLIGHTS

We analyzed the chemical composition oib&karadiet.

We determined the amino acid and isoflavones m@raofilanokaradiet.

We examined the biological value of akaradiet.

We evaluated glucose tolerance and hepatic glucogaut in rats recovered with an
okaradiet.

We evaluated the insulin and glucagon sensitivitsats recovered with askaradiet.

We determined the glycogen and fat in the liverad$é recovered with avkaradiet.
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TABLES

Table 1. Composition of control, low-protein apkhradiets

Ingredients Control Low-protein Okara*
(g/kg) (17% protein) (6% protein)  (17% protein)
Casein > 85% protein 202.( 71.t i
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 1.0
Soybean oil 70.0 70.0 i
Fiber 50.0 50.0 i
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

*Qkara composition (%): protein 36, fat 19, carbohydr@®, total fiber 32,
humidity 6, and ash 3. **See Reeves et al., 1993.
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Table 2. Amino acids composition of diets

Diet
Amino acids Control Okara Low protein
(%) (%) (%)

Aspartic acid 1.18 1.52 0.31
Glutamine acid 3.57 3.22 1.13
Serine 0.92 0.98 0.30
Glycine 0.32 0.84 0.11
Histidine 0.42 0.33 0.12
Arginine 0.6 1.48 0.21
Threonine 0.71 0.72 0.20
Alanine 0.56 0.92 0.19
Proline 1.66 0.99 0.56
Tyrosine 0.77 0.69 0.24
Valine 1.02 0.96 0.36
Methionine 0.62 0.35 0.16
Cystine 0.27 0.18 0.04
Isoleucine 0.83 0.91 0.28
Leucine 1.57 1.53 0.54
Phenylalanine 0.79 0.99 0.28
Lysine 1.2 1.14 0.41
Total 17.01 17.70 5.42




Table 3.Isoflavone composition of drgkara

Isoflavone (%)
Daidzin 10.1 (0.0)
Malonyl daidzin 7.9 (0.9
Acetyl daidzin NB:0.3
Daidzein 3.7 (0.4)
Glycitin 6.2 (0.1§
Malonyl glycitin 3.8 (0.0}
Acetyl glycitin 1.1 (0.3
Glycitein 1.6 (0.4)
Genistin 27.1 (0.5)
Malonyl genistin 25.7 (0.6)
Acetyl genistin 3.1(0.2)
Genistein 10.2 (0.6)
Coumestrol UR0.3
Sissotrin UX0.3
Biochanin A Ux0.3

mean and estimation of standard deviation

®indetected
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Table 4. Food efficiency ratio (FER), protein e#iocy ratio (PER), net protein ratio
(NPR) and true digestibility (TD) of casein aokiaradiets

Diets
Variables Casein Okara
(6) (6)
FER 0.34 +0.07 0.62 + 0.09*
PER 3.42+0.74 2.75+0.28
NPR 3.74+0.68 3.12+0.26
TD 0.91+0.01 0.92 +0.02

Values represent the mean + standard deviatiorthlomumber of rats in parentheses.
"Means significantly different by unpairédests (g0.05).
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Table 5. Final body weight, weight variation, togadd relative energy intake obtained fradult

rats maintained on a control (CC and LC groupkgra (CO and LO groups), or low-protein (LL group) diet
after weaning

Groups
Variables cC CO LC LO LL
Final body weight ~ 35649 366+38 288+322 299+142 11628
(9) (23) (25) (22) (18) (22)
Weight gain 308+45 330+35% 259+28% 274+147 86+26
(9) (23) (25) (22) (18) (22)
Total energy intake 4373+567 30681282  3033+327%  2650+60°  1429+10f
(kcal) (15) (25) (22) (18) (22)
(kcal/100g WB) 1263+87  960+12¢  1184+12%° 929459  1649+276
(15) (25) (22) (18) (22)

Values represent the mean * standard deviatiothBonumber of rats in parentheses. Means with
different superscript uppercase letters are sicpmfily different by two-way ANOVA, and those
with superscript lowercase letters are significadifferent by one-way ANOVA followed by LSD

test (0.05). * indicates the difference between nutriibstates, and # indicates the difference
between diets.
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Table 6. Absolute and relative weight of organsaotdd fromadult rats maintained on a control (CC
and LC groups)pkara(CO and LO groups), or low-protein (LL group) didter weaning

Groups
Variables cC CO LC LO LL
Liver 15.8+2.9 14.6+2.2 12.3+1.9° 12.0+1.5° 7.8+1.6
(9) (28) (34) (31) (38) (36)
(%) 4.1+0.4' 3.6+0.4 3.9+0.8%° 3.7+0.£° 5.4+1.4
(28) (34) (31) (38) (37)
Muscle 0.9+0.1 1.2+0.2 0.8+0.12 0.8+0.12 0.4+0.P
(9) 17) (20) 17) (21) 17)
(%) 0.2740.03  0.26+0.04  0.27+0.04  0.26+0.02  0.29+0.08
(17) (20) (17) (21) (17)
Epididymal fat 4.3+2. F 6.7+1.8" 3.3+0.92 3.4+1.%2 1.9+0.7
(9) (17) (20) 17) (21) 17)
(%) 1.2+0.8° 1.7+0.3 1.0+0.3° 1.1+0.3° 1.320.7
(17) (20) (17) (21) (17)
Retroperitoneal fat ~ 4.7+2.% 7.7+2.1 4.4+1 .82 4.3+1.52 2.1+0.9
(9) (17) (20) (17) (21) 17)
(%) 1.3+0.8 1.9+0.3 1.4+0.4 1.3+0.4 1.4+0.3
(17) (20) (17) (21) (17)

Values represent the mean * standard deviatiothB®mumber of rats in parentheses. Means with
different superscript uppercase letters are sicpnitily different by two-way ANOVA, and those with
superscript lowercase letters are significantlyedént by one-way ANOVA followed by LSD test
(p<0.05). * indicates the difference between nutritibstates.
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Table 7. Serum urea, total protein, albumin, glohwdspartate aminotransferase (AST) and
alanine aminotransferase (ALT) concentrations, Boid profile obtained fromadult rats
maintained on a control (CC and LC groum®ara (CO and LO groups), or low-protein (LL group)

diet after weaning

Groups
Variaveis cC CO LC LO LL
Urea (mg/dL) 24.0+6.7 325+58  30.8+4.f° 42.2+6.5° 23.3+5.7
(05) (06) (05) (06) (03)
Creatinine (mg/dL)  0.4+0.07  0.4+0.0 0.4+0.0 0.4+0.08  0.5+0.0
(05) (06) (05) (06) (04)
Total protein (g/dL)  6.3+0.6 6.8+0.3 7.0+0.3* 7.1+0.3* 6.1+0.3
(05) (06) (05) (06) (04)
Albumin (g/dL) 3.8+0.08  4.3+0.18 4.4+0.13%* 4.6+0.19% 3.9+0.27
(05) (06) (05) (06) (04)
Globulin (g/dL) 2.5+0.5 2.5+0.2 2.7+0.7 25+0.7° 2302
(05) (06) (05) (06) (04)
AST (U/L) 80+14 98429 97+34 103+33 94+14
(05) (04) (04) (06) (03)
ALT (U/L) 39+4 44+10 46+6 48+9 35+6
(05) (04) (04) (06) (03)
Triglycerides 507 3316 49128 4016 41+8
(mg/dL) (04) (06) (05) (06) (04)
Total cholesterol 93+2(*® 92+18* 114+18%  75+16%® 123442
(mg/dL) (05) (06) (05) (05) (04)
HDL (mg/dL) 29+5"° 27+5°¢ 34+5" 23+3° 31+7°
(05) (06) (05) (06) (04)
LDL (mg/dL) 6245 59+17' 69+16" 45+13" 84+34
(04) (06) (05) (06) (04)
VLDL (mg/dL) 1449 7+1 1045 8+3 8+1
(05) (06) (05) (06) (04)

Values represent the mean + standard deviatioth@onumber of rats in parentheses. Means
with different superscript uppercase letters agaicantly different by two-way ANOVA,
and those with superscript lowercase letters apaifgiantly different by one-way ANOVA
followed by LSD test (80.05). * indicates the difference between nutriibstates, and #
indicates the difference between diets.
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Table 8. Serum glucose, insulin and glucagon cdamattons as well as insulin:glucose and
glucagon:insulin ratios froradult rats maintained on a control (CC and LC gsjiokara (CO and
LO groups), or low-protein (LL group) diet after aréng

Groups
Variables cC co LC LO LL

Fasting state
Glucose (mmol/L) 7.0£0.7 6.3+0.5 6.5+0.6 6.1+0.4 6.3+£0.3

(05) (06) (04) (06) (05)
Insulin (pmol/L) 3474260  279+123 199452 148+33°  119+4P
(05) (06) (05) (06) (05)
Insulin/glucose 76155 67+25 50+7 37+8 29+
ratio (05) (06) (04) (06) (05)
Glucagon (pmol/L) 44+10 4718 4612 3614 34+12
(04) (05) (06) (05) (05)
Glucagon/insulin -~ 0.2620.07 0.23+0.11  0.24+0.07  0.24+0.07 0.30+0.10
ratio (pmol/L) (04) (05) (05) (05) (05)
Fed state
Glucose (mmol/L) 8.0+0.3  6.3x0.4 6.7+0.6° 6.6+0.5° 6.9+0.7
(04) (06) (06) (08) (06)
Insulin (pmol/L) 893+130  276+108  344+18(G* 316+123% 140457
(04) (06) (06) (08) (06)
Insulin/glucose 174+24 68+25° 80+45® 764322 32413
ratio (04) (06) (06) (08) (06)
Glucagon (pmol/L) 2717 34+10 42+18 39114 2918
(04) (06) (06) (08) (05)

Glucagon/insulin ~ 0.03+0.02 0.14+0.06 0.13+0.0%3° 0.13+0.0%° 0.22+0.09
ratio (pmol/L) (04) (06) (06) (08) (05)

Values represent the mean + standard deviatiothonumber of rats in parentheses. Means
with different superscript uppercase letters agmiicantly different by two-way ANOVA,
and those with superscript lowercase letters ayeifgiantly different by one-way ANOVA
followed by LSD test (80.05).
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Table 9. Glycogen liver, fat liver and glycogen miasfrom adult rats maintained on a control
(CC and LC groupspkara(CO and LO groups), or low-protein (LL group) dadter weaning

Groups
Variables cC co LC LO LL
Fasting state
Glycogen liver 0.12+0.08 0.23+0.13 0.13+0.03 0.15+0.04 0.20+0.02
(mg/100mg) (03) (05) (04) (05) (03)
Fat liver 57+6 70+17 54+7° 647" 81+19
(mg/q) (05) (06) (04) (06) (04)
Glycogen muscle  0.05+0.010 0.06+0.009 0.05+0.009 0.05+0.008 0.04+0.008
(mg/100mg) (05) (06) (05) (06) (04)
Fed state
Glycogen liver 6.4+2.6 2.7+1.0 6.1+2.8 3.2+1.1° 7.4+2.2
(mg/100mg) (06) (06) (06) (05) (06)
Fat liver 42+5 55+9" 466 59+773b 64+14
(ma/q) (06) (06) (05) (04) (06)

Glycogen muscle  0.060.015 0.04+0.01f 0.05+0.008 0.05+0.005" 0.09+0.042
(mg/lOOmg) (04) (06) (04) (05) (05)

Values represent the mean + standard deviatiothtonumber of rats in parentheses. Means
with different superscript uppercase letters agmiicantly different by two-way ANOVA,
and those with superscript lowercase letters ayeifsiantly different by one-way ANOVA
followed by LSD test (80.05). # indicates the difference between diets.
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Figure 1. The mean total areas under the curvasgltine glucose tolerance test (A).
The rate constant for serum glucose disappear&ageduring the insulin tolerance test
(B). The mean total areas under the curves duhagylucagon sensitivity test after 6 h
of fasting (C) and in the fed state (D). The meataltareas under the curves during
pyruvate tolerance test after 12 h of fasting (&l & the fed state (F) performed on
adult rats maintained on a control (CC and LC gsjpupkara (CO and LO groups), or low-
protein (LL group) diet after weaning. The barsresent the mean + standard deviation. Mean
values within a column with uppercase supersceifpets are significantly different by two-way

ANOVA and with lowercase superscript letters agn#icantly different by one-way ANOVA
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followed by LSD test (g0.05). * indicates the difference between nutridlostates, and #
indicates difference between diets.



