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RESUMO

O desenvolvimento de cancer da-se de forma mais agressiva e
severa em pacientes jovens. Porcentagem pequena, porém
significativa, de pacientes acometidos pelo crescimento de neoplasia
maligna concomitante & gravidez sofrem da mesma agressividade
desta doenca, com um agravante pois se trata de dois pacientes: mae
e feto. A méae sofre alteragdes fisiolégicas e a nutricdo materna é de
extrema importancia para o curso normal da gravidez e ao
desenvolvimento fetal. Este Ultimo possui aspectos similares ao
crescimento neoplasico, porém com complexos mecanismos de
controle do crescimento celular e ambos dependem de glicose e
aminoacidos. A leucina € um importante combustivel metabdlico da
musculatura esquelética atuando na sintese e degradacéo protéica,
podendo melhorar o estado caquético presente no cancer. Neste
trabalho analisamos os efeitos de uma dieta semipurificada contendo
alto teor de leucina sobre o metabolismo protéico em animais jovens
portadores ou nao do carcinossarcoma de Walker 256. Ratas Wistar
jovens (45 dias, prenhes ou nao) foram distribuidas em grupos
experimentais de acordo com inoculagdo ou ndo do carcinossarcoma
de Walker 256 (2,5x10° células neoplasicas viaveis) e submetidos ou
nao a dieta com alto teor de leucina. Apds 21 dias de experimento foi
feita perfuséo intestinal e coletada amostra do sangue; apds sacrificio
coletou-se amostras de tecidos, a carcaga foi analisada quanto a
composicdo corpérea quimica. Os grupos inoculados com tumor
apresentaram, i) redug¢@o do peso corpéreo e da ingestdo alimentar no
final dos experimentos e redugédo do balango nitrogenado, ii) reducéo
dos teores séricos de glicose, proteina total e albumina; iii) maior peso
hepatico iv) menor peso do musculo gastrocnémio e redugdo do seu
teor protéico. Verificamos alteragées na composicao corpérea quimica
(elevado conteudo de agua corpérea, redugcdo da gordura total e
decréscimo de nitrogénio coldgeno da carcaga) € na absorcéo
intestinal (reducdo da taxa de absorcdo de leucina e metionina) de
ratas portadoras de carcinossarcoma de Walker 256 submetidas a
dieta normoprotéica. Essas alteragcbes ocorreram, provavelmente,

vii




pelos efeitos do crescimento tumoral, causando espoliagées no
organismo hospedeiro e, consequentemente, comprometendo a
homeostasia; porém a suplementacdo de leucina na dieta atenuou
alguns desses efejtos promovendo aumentc da taxa de absorcéo
intestinal de metionina e leucina, aumento do teor protéicc do muscuio
gastrocnémic e tendeu a melhora do balango nitrogenado
preservando consequentemente a carcaca desses animais.
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96/09463-6), Faep-Unicamp e CNPaq.
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UNICAMP
BIBLIOTECA CENTRAL
SECAQ CIRCULANTE

ABSTRACT

The cancer’s development can be severe in young patients and
a low cancer incidence, but significant, can be found in pregnant
patients. In fact, the tumor effects in association with the pregnancy
are more aggressive because there are two patients: mother and
fetus. In addition the fetal's growth and development hare a lot of
similarities to the neoplastic celis growth; the main difference between
these two cells is the fetal cells are under complex mechanisms which
control cellular growth. The physiological changes occurring during the
pregnancy and the maternal nutrition are very important to the normal
course of the pregnancy, providing nutritional and hormonal supports
to the fetal development that it has similar aspects to the neoplasic
growth. In the present study we analyzed the effects of a semipurified
diet contented leucine excess on the biochemical and body changes in
young female rats bearing Walker 256 tumor. Pregnant or non
pregnant rats (45 days old) were distributed into experimental groups
in according to the inoculation of the carcinossarcoma Walker 256 (2,5
x 10° viable neoplasic cells) or not injected into the subcutaneous
tissue and receiving or not leucine diet. The experimental groups ware
followed during 21 days, analyzing the body weight gain, food intake
and nitrogen balance. After this period the animal were submitted to
intestinal perfusion. The animal's carcass were analyzed as water and
fat contest, and total colagen and non colagen nitrogen content. Blood
samples were taken to measure glucose, total protein, albumin and
globulin serum. The wellnourished tumor-bearing groups data showed:
i) body weight, food intake and nitrogen balance decrease; ii) reduction
in glucose, total protein and albumin serum rates, iii) increase in
hepatic weight, iv) small gastrocnemius muscle weight and less protein
content. We observed changes on chemical body composition such as
increase in water body content, decrease in fat and colagen nitrogen
body and changes in intestinal absorption such as smaller rates in
methionine and leucine absorption. Probably this changes occurred
due to the effects of tumor growth, causing damage to the host and,
consequent, impairment of the homeostasis; in spite of being tumor-
bearing rats possibly the leucine supplementation diet could improve
these effects promoting increase in the rates of methionine and leucine
intestinal absorption, increase in the gastrocnemius muscle protein
content and improving the nitrogen balance preserving the host
carcass.
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INTRODUCAO

O céncer é um processo de varias etapas que pode demorar
para ser diagnosticado e por isso estima-se que um grande numero de
individuos apresentam-se em altc risco (WATTENBERG, 1987). Sendo
assim, o cancer € considerado a maior causa de morbidade e mortalidade
ao longo da histéria humana. Em paises desenvolvidos e no Brasil,
segundo dados recentes, o cancer € a segunda causa morte, perdendo
apenas para as doencas cardiovasculares (BUCHALLA et al., 2001).
Apesar do risco de alguns tipos de cancer ter declinade em paises
desenvolvidos, a incidéncia das formas mais significativas desta doenca,
como o céancer de préstata, pulmdo e mamario, tem aumentado nos
ultimos anos (OLIVEIRA et al., 1997).

Por outro lado, a maioria dos casos de cancer sio
diagnosticados quando ja estdo em estado avancado. O mais preocupante
€ o crescimento acelerado do processo tumoral e sua resposta aos
tratamentos clinicos (TANNOCK, 1983).

O crescimento tumoral sempre envolve a espoliacdo do
hospedeiro acarretando o desenvolvimento do estado caquético e, assim,
diminuindo a performance fisica, a resposta a quimioterapia e encurtando
o tempo de sobrevida do individuo, pois a perda de cerca de 30% do peso
corporeo € invariavelmente fatal (TISDALE, 2000).

O cancer mamario é, hoje em dia, o cancer mais freqliente em
pacientes mulheres e um fator de risco elevado com o avanco de idade
(MARTINEZ-LACACI & DICKSON, 1996).

Algumas pesquisas sobre a associagéo entre cancer e gravidez



mostram que a incidéncia de cancer de mama em mulheres gestantes é
cerca de 2,8% (GALLENBERG & LOPRINZI, 1989), enquanto PARENTE
et al. (1988) verificam que 2 a 5% das pacientes com cancer de mama
apresentam gravidez concomitante. Estudos realizados, por KING et al.
(1985) em pacientes com céncer de mama mostraram que 40% das
gestagGes foram interrompidas; cerca de 12% por aborto espontaneo e o
restante por ablacdo do Utero e/ou ovariectomia, as gravidas restantes
foram acompanhadas até o final da gestacao,; cerca de 45% delas tiveram
parto normal, ou por cesariana, com recém-nascidos normais; em 48% dos
casos ocorreu morte fetal e em 7% verificou-se morte perinatal. Estudos
experimentais mostram que ratas portadoras de carcinossarcoma
apresentaram cerca de 70% de reabsor¢édo e 50% de morte fetal (GOMES-
MARCONDES, 1994 e 1998; CERVELLO et al., 1992).

Dependendo do estagio de desenvolvimento do cancer e
quando ha demora no estabelecimento do diagnéstico & dificil predizer
qual sera a duracdo, evolucédo e termo da gravidez (ABRAO, 1988:
LIBERMAN et al., 1994; PETREK, 2000).

Durante a gravidez ocorrem mudancas do estado fisiologico da
mée preparando seu organismo para suprir as necessidades do
desenvolvimento e crescimento fetal. A associacéo entre gravidez e cancer
néo é rara. O organismo materno tende, também. a sustentar os processos
de crescimento tumoral dando suporte nutricional. O feto pode ser
comparado ao rapido crescimento tumoral, porque suas taxas de
crescimento s&o exponenciais e ambos dependem de glicose e
aminoacidos (CARBO et al., 1996). O crescimento tumoral causa lteracbes

no metabolismo tanto materno quanto fetal, comprometendo o curso da
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gestacéo e podendo levar a morte feto e/ou mae.

UNiICAMP
BIBLIOTECA CENTRAL
1. Cancer-caquexia SECAQ CIRCULANTE

O céncer produz varias alteracdes no hospedeiro como
anorexia e caquexia que culminam em febre, infeccSes, anemia e varios
disturbios hormonais e neurolégicos. Além de alteracdes metabdlicas e
hormonais, 0 cancer pode afetar, também, as funcdes do hospedeiro pela
compresséao, invaséo e destruicdo do tecido normal (ARGILES, 1997).
Ocorre ainda no hospedeiro progressiva perda de peso que pode ser
decorrente da reducfo/deprivacdo alimentar e do aumento do gasto
energético levando o paciente a apresentar caquexia, entrando em
balango nitrogenado negativo, deixando-o mais susceptivel a infeccbes
(TISDALE, 2001).

A caquexia, presente na maioria dos hospedeiros com cancer,
é um estado caracterizado pela perda involuntaria de peso, instalando-se
com a evoluc¢do da doenga maligna. Durante a caquexia, a perda de tecido
adiposo e massa muscular leva a deplecdo da reserva lipidica e
espoliagdo protéica da massa corporea, alterando o metabolismo
homeostatico desses dois substratos: gordura e proteina (INUI, 1999).

A perda de peso nos pacientes com cancer, decorrente da
caquexia, difere daquela ocorrida no jejum prolongado ou anorexia
nervosa, a perda de gordura corpérea € massa protéica aumenta com a
evolugdo do estado maligno, com perda significativamente mais importante
da massa muscular (TISDALE, 2000). Segundo HOLLANDER et al. (1986)

o decréscimo da gordura corpérea nado estava correlacionada a demanda



energética da neoplasia, mas sim ao tipo de tumor. Freqlentemente,
pacientes portadores de linfoma de Hodgkins apresentam decréscimo do
tecido adiposo em cerca de 30% do peso corpéreo, enquanto pacientes
com cancer de estdmago ou pancreas ocorre perda em cerca de 90% da
gordura corporal.

Por outro lado, BECK & TISDALE (1987) mostraram que a
deplecdo da gordura corporal, o aumento da concentracédo plasmatica de
acidos graxos livres e o decréscimo da atividade lipogénica estavam
diretamente relacionados com o aumento da massa tumoral, Alteracdo no
metabolismo de lipideos, verificado no estado cancer-caquexia, tem
mostrado que ha aumento da mobilizacdo e utilizacdo de lipideos, como
aumento da oxidagdo de acido graxos utilizados para suprimento
energético ao ciclo de Cori (SAUER & DAUCHY, 1990) ou fornecimento de
acidos graxos essenciais, como linoléico ou araquidénico essenciais para
o crescimento tumoral (HUSSEY & TISDALE, 1994). Estudos realizados
com ratos portadores do carcinossarcoma de Walker apresentaram
alteragbes no metabolismo de lipideos como diminuigéo do transporte de
acidos graxos para o interior de mitocéndrias, reducdo de oxidacdo e
cetogenese hepatica (SEELAENDER et al., 1998).

Frequentemente, encontra-se hipoglicemia em pacientes e em
animais experimentais com cancer (SVANINGER et al., 1989 SAUER &
DAUCHY, 1990). Pacientes com cancer mal nutridos apresentam
metabolismo de glicose reduzido, embora haja elevada taxa de oxidacdo
de glicose e de lipideos pelas células neoplasicas (GAMBARDELLA et al.,
1993). A glicose formada no hospedeiro, a partir do lactato produzido pelas

celulas cancerosas, e utilizada pelo préprio tumor, que a converte em mais



lactato; este processo leva a alto déficit energético no hospedeiro,
agravando ainda mais o processo de caquexia (SAUER & DAUCHY, 1990:
TISDALE, 1990; WOLF et al., 1993).

Pacientes caquéticos apresentam aumento da sintese de
glicose, a partir de alanina e glicerol (LUNDHOLM et al., 1979) decorrente
do aumento de cerca de 40% da gliconeogénese hepatica verificado
nestes pacientes e contrastando com pacientes portadores de anorexia ou
jejum, onde a resposta hepatica a produgdic de glicose, via
neoglicogénese, esta reduzida (TISDALE, 2000).

Por outro lado, estudos com cancer revelaram a intolerancia a
glicose decorrente a menor secregéo de insulina por animais portadores do
carcinoma de Walker (el RAZI NETO et al., 1996). Pacientes com cancer
tem aumento do fluxo glicolitico pelo qual poderia consumir cerca de 40%
do carboidrato ingerido e contribuiria para acentuar a perda de peso
corporeo do hospedeiro (BURT & BRENNAN, 1984).

Em muitos casos, a massa corporal magra, de animais
portadores de carcinoma, decresce em proporcdo direta ao aumento da
massa neoplasica sendo um dos fatores responsaveis pela reducdo do
tempo de sobrevida dos pacientes com cancer (TISDALE, 2000). A
redug@o de nitrogénio total e conseqliente balango nitrogenado negativo
esta diretamente correlacionado a alta demanda de nitrogénio pelas
células neoplasicas; o hospedeiro perde proteina tecidual e o nitrogénio
protéico € seqliestrado pelo tumor (ARGILES & LOPES SORIANO, 1999).

A perda de proteina muscular esquelética é decorrente da
alterac@o das taxas de sintese e degradacéo protéica, como também do
turnover protéico total corpéreo (INUI, 1999; TISDALE, 1999). A perda de



tecido muscular leva & fadiga, fraqueza, aumento do risco de trombose,
atrofia muscular e comprometimento das fungées respiratorias (MULLIGAN
& BLOCH, 1998).

Na vigéncia de céncer sdo evidenciadas desordens
nutricionais, incluindo redugdo do apetite e da funcdo digestiva. Em
resposta as condigGes fisiolégicas e patoldgicas ocorrem mudancas das
fungdes intestinais, que alteram a capacidade absortiva de nutrientes do
intestine (PHILPOTT et al,, 1992). Estudos demonstraram que alimentos
com maior quantidade de proteina aumentam a absorcdo de aminodacidos
em varios graus. Tem sidc reportado que a deficiéncia protéica pode
aumentar, diminuir ou néo alterar a absor¢édo de aminoacidos (KARASQOV
et al., 1987).

Em contra-partida, a funcéo intestinal associada a deprivacéo
protéica pode sustentar o controle da regulagéo do transporte intestinal,
podendo ter importantes implicagdes nutricionais. A deprivagdo protéica
pode resultar no decréscimo da absorcdo intestinal, onde a estrutura
intestinal poder ser afetada pelas condictes da dieta (KANSAL, 1980). A
redugcdo do peso corpéreo € mudancas na composicdo corpdrea, na
vigéncia do cancer, estédo relacionados com a reducdo da ingesta de
alimentos e/ou uma reducgédo da absorcéo intestinal. Capacidade absortiva
do intestino delgado relacionada ao estado patolégico do organismo pode
ser observada em trabalho recente, onde verificou-se que a absorcdo de
metionina estava aumentada e de leucina diminuida, em ratos aduitos
portadores do carcinoma de Walker (GOMES-MARCONDES et al., 1998).
Isto sugere que o transporte intestinal de aminoacidos neutros pode ter

importante papel na utilizacdo dos mesmos pelas células neoplasicas, com



consequente menor oferta para os tecidos hospedeiros, o que
provavelmente contribui ac desenvolvimento de balango nitrogenado

negativo em pacientes com céncer.

2. Gravidez

A nutricBo materna & de extrema importancia para o curso e o
final da gravidez, pois durante esse processc verificam-se alteracdes
fisiolégicas que s&@o sustentadas por um adequado suprimento de
nutrientes. As adaptacdes do organismo materno durante a gestacio sé
podem ocorrer de forma eficiente se o suprimento de alimentos for
adequado. Por outro lado, a capacidade adaptativa da gestante a
condigdes adversas, visando a protecdo do feto, & limitada (BALDWIN,
1981).

A gravidez , tanto em mulheres como em ratas, é caracterizada
por duas fases distintas de atividade metabdlica e de formacdo de
estoques energéticos maternos (HERRERAS et al., 1991). A primeira fase
chamada de anabdlica, ocorre predominantemente do inicio até a metade
da gestagéo, havendo actimulo de gordura no tecido adiposo, deposicdo
de glicogénio no figado e aumento da massa corporal magra (proteina). A
segunda, chamada fase catabdlica, é caracterizada pela mobilizacdo dos
estoques maternos, provendo substratos necessarios ao crescimento da
unidade feto-placentaria; nessa fase o turnover do tecido adiposo esta
acelerado (aumento da deposicdo e mobilizacdo de triglicérides), a
concentracdo de glicogénio hepatico tende a decrescer e ha aumento da
protedlise muscular materna (FREINKEL & METZGER, 1992). Os



hormdnios  placentarios parecem ser responsaveis por este
comportamento metabolico bifasico (BAIRD, 1986). Esses horménios,
possivelmente, determinam a conservacdo de energia no inicio da
gestacao, que sustentara o anabolismo da placenta e do feto no final do
periodo gestacional (FREINKEL & METZGER, 1992; HERRERAS et al
1991).

"

Apreciavel ganho de peso materno é decorrente do actimulo de
gordura corporal, gue ocorre no inicio da gestacédo atingindo o maximo no
segundo tergo da gravidez, como conseqUéncia da concentragdo
plasmatica elevada de estrégenos, progesterona e lactogénio placentario
(HLP) (BAIRD et al., 1991; HERRERA et al., 1991; RYAN & ENNS, 1988).
As adaptagOes do metabolismo protéico durante a gravidez sdo muito
pouco definidas. Existem evidéncias de que, durante o inicio da gestacédo
de ratas, ocorre acumulo de proteina na carcaca e que, possivelmente,
essa proteina seja mobilizada através do catabolismo protéico muscular
materno, assegurando o suprimento de aminoacidos que serdo utilizados
para o crescimento fetal nos estéagios finais da gravidez (MILLICAN et al.
1987; WEIJS et al., 1995).

O dispéndio energético e os ajustes metabdlicos, que ocorrem
durante a gravidez no organismo materno, fornecem oxigénio e nutrientes
suficientes para o crescimento e o desenvolvimento normais da placenta e
do feto, bem como estabelecem reserva energética materna e fetal
adequada, assegurando a sobrevivéncia do novo ser apés o nascimento
(ADAM & FELIG, 1978; BAIRD, 1986). O feto depende de um ininterrupto
suporte de oxigénio para obter energia, tanto para metabolismo basal

como para 0s gastos metabdlicos do crescimento, com constante captacdo



de oxigénio, dlicose, lactato e aminoacides através da circulacdo umbilical.

MILLEY (1998), observando a cinética de leucina no
desenvolvimento fetal durante a hipoxia materna, verificou que a reducao
da oferta de O, reduziu a sintese protéica como também a degradacéo
protéica, consequentemente houve decréscimo de 62% no acréscimo de
proteina fetal, representado pela diferenca ente a taxa de sintese e
protedlise no feto.

Estudos feitos com fetos, perfundidos com leucina e expostos &
hipoglicemia, indicaram redug¢do do incremento de peso fetal e mostraram
maior concentracéo plasmatica de glicose, insulina e leucina nestes fetos
(CARVER et al,, 1997)

Atualmente sdo escassas as pesquisas que analisam a
associag&o entre cancer e gravidez, desse modo estudos adicionas fazem

se necessarios para que se possa, em breve, melhorar o prognéstico e
terapéutica para ambos pacientes, mée e feto.

3. Leucina

O organismo mantém sua massa protéica pelo continuo
processo de reparo que envolve a sintese e degradacao de proteinas, que
devem estar em equilibrio. Os aminoacidos assumem importante papel
regulatério no metabolismo protéico, como os aminoacidos de cadeia
longa (BCAA), principalmente leucina, valina e isoleucina (NAIR, 1992). A
leucina € um importante combustivel metabdlico da musculatura

esquelética, representando 8% da proteina corpérea em humanos e
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parece estimular a incorporacéo de aminoacidos nas proteinas e inibir a
degradacgdo protéica, sendo oxidada em acetii CoA e, posteriormente,
utilizada como substrato energético pelo musculo (RENNIE & TRIPTON,
2000).

A reducdo de massa muscular periférica durante patologias,
como septicemia, cancer e outras, pode ser devido ac aumento do
catabolismo muscular, & redugdo da sintese protéica, ou combinacéo
desses dois fatores. Durante o cancer, ocorre degradacéo protéica e
aumento da demanda de alguns aminoacidos, particularmente a leucina. A
maior utilizacdo de leucina pelas células tumorais-ascite, quando
comparadas com células normais, é devido & alta sintese de lipidios e
proteinas (LAZO, 1981). Alguns autores consideram que o aumento da
taxa de protedlise muscular esquelética tem como funcdo primordial
fornecer aminoacidos para a sintese de glutamina no musculo, que sera
utilizada pelas células neoplasicas (FURST et al., 1989).

O implante tumoral, em ratas gravidas, pode modificar o
turnover protéico da mae e do feto, com consequente alteracdo do
transporte de aminoacidos entre mée e feto. O crescimento tumoral altera
a morfologia placentaria (TOLEDO, 1999), bem como a cinética do
transporte de alanina e leucina (CARBO, 1998).

Estudos sustentam a idéia de que a leucina estimula e
recupera a sintese protéica na musculatura esquelética, estando envolvida
na regulagdo do metabolismo protéico e melhorando o balanco
nitrogenado, com conseqilente manutencdc da carcaca (ANTHONY,
1999).

Dietas contendo diferentes proporces de BCAA tem
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demonstrado importantes efeitos benéficos na troca metabélica associada
a recuperacgé@o da perda muscular, tem aumentade a sintese protéica
corpérea e melhorado a cinética corpédrea de leucina, indicando favorave!
influéncia no metabolismo protéico (BUQUETS, 2000).

OBJETIVOS

O aumento dos conhecimentos sobre as alteracées
fisiopatoldgicas, que ocorrem durante a gestacdo associada ao
desenvolvimento de cancer, torna-se necessario para que se consiga
propor métodos terapéuticos e preventivos para pacientes gravidas
portadoras de neoplasia maligna.

O presente estudo foi delineado para avaliar as interacées
entre desenvolvimento corpéreo, gravidez e cancer na presenca ou
auséncia da suplementacdo de leucina na dieta. Para tanto, foram
analisados aspectos do metabolismo protéico de ratas jovens, gravidas ou

nao, portadoras do carcinossarcoma de Walker 2586.

;?3 Nica Mp
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MATERIAIS E METODOS

1. Animais

Foram utlizadas 120 ratas Wistar (45 dias de idade:
adolescentes), obtidos do Biotério Central da Universidade Estadual de
Campinas. Estes animais foram mantidos em gaiolas metabdlicas com
dietas semi-purificadas e agua ad fibitum, com controle de luz claro-escuro
de 12-12 horas.

Parte destas ratas foram colocadas com machos adultos {90 -
100 dias de idade) na proporgéo de quatro fémeas para um macho, em
gaiolas coletivas durante uma noite (12 horas), de acordo com método de
harém descrito por BAKER (1991). Foi determinado como primeiro dia da
gravidez todas aquelas fémeas que apresentaram presenca de
espermatozoides na analise do esfregaco vaginal. As fémeas nao

acasaladas constituiram os grupos controles.

2. Dietas

Foram utilizadas dietas semi-purificadas isocaléricas contendo
18% de proteina (normoprotéica - AIN-93G) (REEVES et al., 1993) ou 15%
de proteina acrescida de 3% de L-leucina (alto teor de leucina). Adicionou-
se cerca de 70% de carboidratos (sacarose, dextrina e amido), 7% de
gordura (6leo de soja) e 5% de fibra (micro-celulose purificada). As dietas
foram complementadas com mistura vitaminica e de sais minerais, bem
como cistina e colina. A dieta controle contem 1,6% de L-leucina e a dieta

excesso de leucina contém 4,3% de L-leucina.
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3. Implante tumoral e obtencgao do liquido ascitico

As células tumorais foram obtidas do carcinossarcoma de
Walker 256, proveniente da linhagem do Bancoe de Tumores Christ
Hospital Line, Arthur D'Little, EUA. Estas células foram mantidas in vivo,
por inocculagdes na cavidade abdominal de ratos machos, feitas a cada 7
dias.

As ratas foram inoculadas no subcuténeo da regido do flanco
com 0,5 mbL de suspensdo celular contendo cerca de 250.000 células
neoplasicas viaveis, avaliadas pelo método de exclusédo com azul de tripan
a 0,25% (GOMES et ai.,, 1983), no 2° dia do experimento. Os animais dos
grupos controle receberam inoculacdo de 0,5mlL de solucdo fisioldgica
(0,9 g/dL) no tecido subcutaneo do flanco direito.

4. Procedimento experimental

As ratas foram distribuidas em grupos de acordo com a
presenga ou néo do carcinossarcoma de Walker, presenca ou ndo de
prenhez, submetidas ou ndo & suplementacdo de leucina. Os animais
permaneceram em gaiolas metabdlicas individuais, a partir do 2° dia,
durante todo o periodo experimental, para determinar a ingestdo de
alimentos e coleta de urina. Todas as ratas foram pesadas trés vezes por
semana. Os animais foram submetidos & perfusdo intestinal a partir da
terceira semana de gestacdo, apoés jejum de 12 horas e anestesia com

hypnol (100 mg/Kg de peso), via peritoneal.

Foi coletado sangue por pungéo da aorta e ¢ sacrificio ocorreu apés
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super dose de hypnol. A necropsia foi realizada em todas as ratas para o
estudo de possiveis modificagcdes em seu organismo e alteragfes do
desenvolvimento placentario e fetal. Fragmentos de figado, musculo
gastrocnémio, fetos e piacentas foram retirados. Os fragmentos de
tecidos e o soro foram armazenados em freezer a -20°C para posterior
analise bioquimica de proteina tecidual (BRADFORD 1976) e analise
sérica do teor de proteina total (HENRY, 1974), albumina (DOUMAS et al,
1971) e glicose sérica (TRINDER, 1969). As carcacas de todas as ratas
foram conservadas em -20 °C para posterior andlise da composicao

corpdrea.

4.1 Modelo experimental

As fémeas foram distribuidas em 12 grupos experimentais, com

nimero minimo de dez animais por grupo, a saber:

A - ratas jovens prenhes (P) ou ndo (C) submetidas a dieta

normoprotéica.

B - ratas jovens prenhes (PL) ou nado (CL) submetidas a dieta
com alto teor de leucina.

C - ratas jovens prenhes (PW) ou ndo (CW) submetidas a dieta

normoprotéica, com implante do carcinossarcoma de Walker 256.

D - ratas jovens prenhes (PWL) ou ndo (CWL) submetidas a

dieta com alto teor de leucina, com implante do carcinossarcoma de
Walker 256.

E - ratas pair-fed (p) jovens prenhes (PWp) ou ndo (CWp)
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submetidas a dieta normoprotéica, submetidas a ingestdo pareada com os
grupos portadores de Walker, PW e CW.

F - ratas pair-fed (p) jovens prenhes (PWLp) ou ndao (CWLp)
submetidas a dieta com alio teor de leucina, submetidas a ingestédo

pareada com os grupos com implante do carcinossarcoma de Walker 256,
PWL e CWL.

4.2 Determinacao da ingestao alimentar e balancgo nitrogenado

Analise da ingestao alimentar foi obtida pela diferenca entre as
guantidades da dieta oferecida e da dieta que restou apds periodo de 24

horas: ingestéo alimentar em 24 horas = dieta oferecida - dieta que restou.

O nitrogénio da dieta e urina foi determinado pelo método de
micro KJELDAHL (ALBANESE & ORTO, 1963).

O balanco nitrogenado estimado foi obtido pela diferenca da
ingestado nitrogenada e da excrec¢do de nitrogénio: BN = total de nitrogénio

ingerido em 24 horas — total de nitrogénio excretado na urina em 24 horas.

4.3 Perfusao intestinal

A perfusédo foi realizada no intestino delgado através de duas
cénulas, uma colocada no lumen do duodeno e outra no ileo. O segmento
intestinal foi lavado primeiramente com solugéo de Hanks a temperatura
de 37° C; apds sutura da parede abdominal, a perfusdo intestinal foi feita
através da bomba peristaltica, com fluxo de 0,5 a 1,0 mL/minuto. Apéds 30

minutos de equilibrio foi iniciada a coleta de amostras do perfusado para o
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estudo da fungéo intestinal, controlando e mantendo a temperatura do
liquido perfundido a 37° C. Foram administradas solucdes de glicose, de
metionina e de leucina, a 0,25% por 3 min, coletando-se 3 amostras de
cada solugdo. Os aminoacidos {metionina e leucina) nos perfundidos foram
determinados por colorimetria segundo método de McCARTHY &
SULIVAN (1941) para determinagcdo de metionina, ROSEN (1957) para
determinacgéc de leucina e glicose pelo método colorimétrico de TRINDER
(1969).

4.4 Composicdo Corpérea Quimica

A composicdo corpérea quimica foi feita segundo método
padronizado pelo grupo de Metabologia Cirlrgica do Departamento de
técnica Cirtrgica da Faculdade de Medicina USP. Para a determinacéo do
teor de agua, gordura, nitrogénio total, coldgeno e n&o colageno da

carcaga do animal, utilizou-se o seguinte procedimento:

Teor de agua: para obtengéo da quantidade de agua a carcaca do animal,

sem o trato gastrointestinal, foi seca em estufa durante o periodo minimo
de 48 horas, a temperatura de 50 + 5° C, até atingir peso constante. Por

diferenga do peso fresco e do peso seco obteve-se a quantidade de agua.

Teor de gordura: apds a secagem da carcaca, esta foi colocada em

extrator de sox leht para extragdo de gordura com éter de petréleo (PF 30°

& 60° C), por um periodo minimo de 48 horas; por diferenca de peso do
material seco com gordura menos o peso do material sem gordura obteve-
se a quantidade de gordura.



Teor de nitrogénio total: apds seca e desengordurada, a carcaca foi

triturada e uma aliquota foi submetida a digestdao com H,SO, mais sulfato

de potassio e analisada colorimetricamente, com reativo de Nessler, para
a determinagao do nitrogénio total (ALBANESE & ORTO, 19863).

Teor de nitrogénio colageno: uma segunda aliquota da carcaca seca e
desengordurada, sofreu tratamento com soda (NaOH 2N), acido tanico a
5% e acido sulfirico 2N e apoés esse tratamento foi seguido o
procedimento para determinacéo do nitrogénic total (digestdo com H,SO,
e sulfato de potassio e colorimetria com Nessler) (SPENCER et al., 1937).

Teor de nitrogénio ndo colageno: uma terceira aliquota foi tratada com
NaOH (0,05N) e soluctes de acidos fluoridrico e cloridrico e, depois,
seguido o mesmo procedimento para determinagio de nitrogénio total
(digestdo com H;SQ04 e sulfato de potassio e reacdo colorimétrica com
reativo de Nessler) (LILIENTHAL Jr. et al., 1950).

5. Analise Estatistica

Os resultados foram analisados por Anova, seguido de teste
Kruskal-Wallis onde apropriado, pré estabelecendo-se o nivel de
significdncia em 5%, em todos os casos (WOOLSON, 1987: GAD & WEIL.
1994).
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RESULTADOS E DISCUSSOES

Os resultados deste trabalho serfio apresentados em duas
partes. A primeira parie corresponde aos resultados obtidos de todos os
grupos de ratas ndo gravidas. A segunda parte corresponde & trabalho ja
publicado na revista Brazilian Journal of Medical and Biological Research e
outro submetido & publicacdo na revista BMC, referente a parte dos
resultados obtidos de todos os grupos de ratas gravidas.
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PARTE 1

1. ANALISE DO PESO CORPOREO DOS DIFERENTES GRUPOS
EXPERIMENTAIS

Verificou-se que as ratas C (jovens controles eutroficas)
apresentaram evolucdo de peso e da porcentagem de ganho de peso
crescente (Figura 1 e 2). A analise dos grupos jovens CL mostrou que a
evolugdo de pesc nestas ratas foi ligeiramente maior, porém
estatisticamente similar as jovens C. Estes dados indicam que estes
animais estavam em pleno desenvolvimento corpéreo, uma vez que
atingiram peso corpéreo ao redor de 190 g, durante vinte e um dias de
experimento, semelhante ao peso de ratas adultas jovens (Tabela 1,
Apéndice).

Os grupos experimentais portadores de neoplasia, CW e CWL,
apresentaram evolugdo de peso semelhante aos respectivos controles C e
CL (Figura 1), porém analisando-se o peso final, que corresponde aos
peso corporeo final menos o peso do tumor (Figura 4), os grupos com
tumor apresentaram redugéo em cerca de 10% para CW e 16% para
CWL, em relagéo aos respectivos controles (Figura 2).

Estes resultados s&@o coerentes com aqueles observados por
ROYEN (2000), que verificaram reducdo do peso corpéreo em ratos
portadores de ascite hepatoma Yoshida AH-130 (cerca de 16%). Por outro
lado, a redugé@o de peso corpdreo esta correlacionada com a perda de
massa protéica da carcaca (COHN, 1981).

A deplegdo do contelido protéico, associada a perda de peso,

& o fator principal no desenvolvimento da caquexia nos organismos
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portadores de neoplasia maligna (LAWSON et al, 1082) e
consequentemente, principal causa morte para a maioria dos pacientes
com cancer. BELIZARIO et al. (1998) verificaram, em trabalhos realizados
em pacientes com cancer, perda de peso maior que 10%, na presenga de
fator de protedlise nc musculo destes pacientes. Extensas pesquisas
realizadas por TISDALE e seus colaboradores tém determinado a
presenca de fator de indugdo de protedlise em pacientes com cancer
(TISDALE, 2001).

As grupos portadores de tumor, CW e CWL, apresentaram
sobrevida entre 19 e 20 dias, onde o estado caquetico foi, provavelmente,
a principal causa morte destas ratas, devido a perda de massa corporea.
Os grupos pair-fed apresentaram apenas reducéo do peso corporeo. Estes
resultados corrobam aos dados de literatura (INUI, 1999; LOPES et al.,
1989).
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ratas jovens eutrdficas; CW ratas jovens eufrdficas portadoras de tumor, CWp
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(Figura 5 e Tabela 2). LOPES (1989) verificou, em animais, que reducio
da ingesta alimentar estava associada ao crescimento tumoral. O aumento
do gasto energético e a reducgdo da ingesta contribui para a perda de peso
e para a reducéo da sintese protéica muscular. GUATIANI et al. (1983)
estudando ratos CO/COBS, apdés 14 dias do implante com
carcinossarcoma de Walker, verificaram a redugcdo de 15% do peso
corporal e queda de 20% da ingestéo alimentar, enquanto que o peso da
neoplasia maligna representava cerca de 10% do peso corporal, Dados
semelhantes foram encontrados em nossas fémeas, onde as ratas CW e
CWL apresentaram 7,03% e 8,8% de relacdo peso tumor scbre peso da
carcacga, respectivamente, porém a redugdc da ingestdo alimentar foi
significativamente maior comparados aos dados da literatura. A anorexia é
frequentemente observada em pacientes e em animais com cancer, sendo
considerada a principal determinante da caquexia (BRENNAN, 1981;
KRAUSE et al., 1981; VILLA et al., 1892).

150
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Figura & Engestao alimentar dos grupos experimentais. Legenda de identificacao vide fi igura 1.
, p< 0,001 em comparacdo aos respectivos controles. Grupos pair-fed ingeriram
mesma quantidade que seus respectivos grupos com tumor.
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3. ANALISE DO BALANCO NITROGENADO DOS DIFERENTES
GRUPOS EXPERIMENTAIS

Os grupos controles C e CL apresentaram elevado balanco
nitrogenade, no inicic do pericdo experimental com estabilizacdo da
incorporagéao nitrogenada ao fongo dos 21 dias de experimentais (Figura 6
e Tabela 3). Estes dados sdo coerentes com a literatura uma vez que, o
equilibrio de excrec¢do de nitrogénioc e correspondente balang¢o nitrogenado
positivo mantém o crescimento corporal (MITCHELL, 1978). A ingestéo
adequada de proteinas fornece aminoacidos que participam de varios
processos metabdlicos sendo, portanto, importantes para o crescimento,
desenvolvimento e manutencdo de todos os tecidos e homeostasia do
organismo.

O metabolismo de proteina corpérea, no organismo sadio,
envolve turnover protéico onde a taxa de sintese protéica sobrepde a taxa
de degradacéo protéica para organismos em crescimento, como o balanc¢o
nitrogenado positivo observado em nossos experimentos (Figura 6 e
Tabela 3).

No inicio do jejum ha intensa mobilizacdo de substratos;
glicogénio hepatico & intensamente mobilizado para manutencao da
homeostasia glicémica; as proteinas, principaimente musculares, sao
mobilizadas para fornecimento de alanina, implicando em utilizagéo do
esqueleto carbdnico para sintese de glicose e excrecdo do nitrogénio, na
forma de uréia. Desta forma perde-se nitrogénio estrutural. Entretanto com
jejum prolongado, ha adaptacdo fisioldégica @ menor mobilizacédo de
proteina e, consequentemente, menor excrecdo de nitrogénio urinario

preservandoc 0 nitrogénio corporal e, consequentemente, mantendo a
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proteina corporal. Nossos resultados mostram que os grupos pair-fed,
tanto em ratas submetidas ou ndo a suplementacio de leucina (CWp e
CWLp), apesar da restrita ingesta, apresentaram reducéo da taxa de
excregdo de nitrogénio urinario mostrando tendéncia a manutencéo do
balanco nitrogenado, principalmente as CWp, em relacdo aos grupos
controles, mostrando provavelmente, adaptagdo ao jejum prolongado.

GOMES-MARCONDES (1994) verificou reducdo do balanco
nitrogenadec em ratas adultas portadoras de neoplasia associado a
espoliagdo do conteudo de nitrogénio corporal. Resultado semelhante foi
encontrado em pesquisas feitas com pacientes (PISTERS & BRENNAN,
1990) e com camundongos portadores de cancer de colon MAC16 (BECK
& TISDALE, 1989).

Os grupos de ratas jovens com neoplasia, CW e CWL,
apresentaram decréscimo da ingestdo e elevada excrecdo de nitrogénio
com significativa queda do balango nitrogenado, correspondente ao
crescimento exponencial da massa neoplésica (14° dia até o final do
experimento) em comparagéo aos seus grupos controles. A presenca do
cancer, causa do desequilibrio do metabolismo protéico, provocou
resposta distinta aquela ao jejum agudo, pois houve elevada degradacéo
de proteina e sem adaptacdo visando reduzir a espoliacdo de massa
protéica corpdrea. Assim, a evolugdo do tumor aumenta a mobilizacédo de
proteina corporal (COHN,1981), atuando como “cacador de nitrogénio”,
conforme designado por alguns pesquisadores. Paralelamente, esta
mobilizag&o de proteina estaria fornecendo alanina para neo formacéo de
glicose, via ciclo de Cori (TISDALE, 2000; SAUER & DAUCHER, 1990;
MEDINA & CASTRO, 1990).
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Figura 6: Balango Nitrogenado estimado (ingestdo menos excregdo urinaria de nitrogénio)
dos diferentes grupos experimentais. Legenda de identificacéo vide figura 1.
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4. ANALISE DA COMPOSICAO CORPOREA DOS DIFERENTES
GRUPOS EXPERIMENTAIS

Os resultados obtidos, nesse frabalho, mostram que as ratas
portadoras do carcinossarcoma de Walker 256 apresentaram significativas
alteracdes na composicac corpdrea quimica.

A porcentagem de agua corporal mostrou-se aumentada nos
grupos portadores de neoplasia, tendéncia a elevagdo nas ratas CW e
significativo acréscimo em cerca de 12% no grupe CWL, em comparacéac
aos respectivos grupos controles C e CL (Figura 7). A porcentagem de
agua total nos grupos pair-fed foi, significativamente, maior que dos
confroles, e estes valores foram similares a porcentagem dos grupos
portadores de tumor. Estes dados s&o coerentes com os dados da
literatura onde outros autores verificaram aumento do teor total de agua
em pacientes e animais com cancer (COHN et al., 1981) correspondendo a
processos de edema em funcdo, muitas vezes do estado de desnutricdo.
Segundo a literatura, na desnutricao protéica, ocorre aumento da retencéo
hidrica em funcdo da hipoalbumenia, presente nestes casos. Conforme
sera discutido adiante, houve decréscimo significativo de proteina total e
albumina sérica de ratos portadores de tumor, corroborando com dados de
literatura (GOMES-MARCONDES et al.,, 1998; CAIRO & LUCCHINE,
1993). Como também reducgdo desses parametros nos animais pair-fed,
concomitante ao aumento da agua corporal (VASWANI et al.,, 1983;
KLINGER et al.,, 1996), sugerindo processos semelhante a desnutrigdo
protéico calérica (MELLO, 1985).
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controle CL.

Segundo TISDALE (2000), o decréscimo de massa de tecido
adiposo, decorrente do aumento da lipdlise, ocorre comumente em
pacientes com cancer. Esta gordura corpérea é utilizada para suprir o
aumento da demanda metabdlica que ocorre no hospedeiro em fungdo do
crescimento neoplasico. Resultados semelhantes aos da literatura foram
observados neste trabalho onde a porcentagem de gordura corpérea foi
significativamente reduzida nos animais com cancer (CWL, Figura 8). No
entanto, este dado néo foi significativo para o grupo CW, contrariando os
dados de literatura. No organismo com cancer ocorre aumento da
oxidac&o de lipideos (FALCONER et al., 1994) e aumento da reducao dos
lipideos circulantes do sangue (WATERHOUSE & NYE, 1961), isto facilita
o aumento da utilizacéo dos acidos graxos para o fornecimento de energia,
mantendo suprimento energético para promover a sintese de glicose,
estimulando o ciclo de Cori. Além disso, ha uma elevada demanda de
acidos graxos, como linoleico e araquidonico que s&o essenciais para o
crescimento do préprio tumor (HUSSEY & TISDALE, 1994: TISDALE,
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2000). O deficit energético, causado pela reducdo da ingesta alimentar,
juntamente com aumento da mobilizagéo de lipideos, diminuem a gordura

corpbrea, a qual € determinada pelo crescimento tumoral, causando
caquexia (FREDRIX et al., 1997).
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A analise da massa corpbérea magra (Figura 9), mostrou
reducédo significativa deste parametro para os grupos com tumor CWL e
ambos grupos pair-fed, em relagcdo aos respectivos controles. Reducdo da
massa corporea magra, em cerca de 20 a 25%, foi observada em
camundongos portadores de neoplasia, induzindo caquexia nestes animais
(TODOROYV et al., 1999).

Por outro lado, varios trabalhos tem mostrado que a
suplementag@o de aminoacidos de cadeia longa, como leucina, atua
melhorando os processo de sintese, bem como a reducéo da degradacéo
protéica (ANTONHY, 1899; GARLICK & McNURLAN, 1994). Nos grupos
submetidos a dieta com excesso de leucina nio foi verificado o efeito da
suplementagéo deste aminoacido de cadeia longa observando-se reducéo

da massa corporea magra nesses grupos com neoplasia (Figura 9).
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Figura 9. Massa corpdrea magra dos grupos experimentais de ratas jovens . Legenda de
identificacde vide figura 1. ¥ p<0,01 comparagdo aos respectivos controles: °, p<0,001
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Por outro lado, PINE et al. (1994) observaram que ratas
submetidas a dieta com alto teor de proteina mostraram manutencéo da
proteina e gordura corpérea. No presente estudo experimental, os teores
de nitrogénio total @ nado colageno corpoéreo (Figuras 10 e 11) foram
similares nos diferentes grupos experimentais. Entretanto, analisando-se o
teor de nitrogénio colageno (Figura 11) verificou-se reducéo significativa
nos grupos CW e CWL, sugerindo que a evolucdo da neoplasia promoveu
mobilizagéo preferencial do nitrogénio colageno, preservando o nitrogénio
nao colageno que corresponde ao componente intracelular. Por outro lado,
deve ser enfatizado que a reducdo do nitrogénio colageno foi menos
aumentada nos grupos com excesso de leucina (decréscimo em cerca de
18%) em comparagdo com 0s grupos com neoplasia sem suplementacéo
(CW) onde a redugdo deste parametro foi de 29%. Estes dados vao de
encontro com a proposta inicial do trabalho, em que aventou-se a hipétese
de gque a suplementacdo de leucina pudesse preservar a massa protéica
da carcaca do hospedeiro.
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Figura 10: Nitrogénio Total na carcaca dos grupos experimentais de ratas jovens. Legenda de
identificac&o vide figura 1.
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Figura 11: Nitrogénio N&o Colageno na carcaga dos grupos experimentais de ratas. Legenda
de identificacdo vide figura 1.
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Estudos de composicde corpérea mostram diminuigdo
predominante da massa muscular esquelética de pacientes com diferentes
tipos de cancer (COHN et al., 1981). Neste trabalho, verificamos redugao
de parametros corporais que corroboram a hipotese de gue a caquexia
desenvolvida nestes animais reduz, significativamente, o peso do musculo
gastrocnémio (Figura 13), decréscimo acentuado da gordura corpérea
(Figura 8) e da massa corpérea magra (Figura 9), em ambos os grupos
portadores de tumor, submetidos ou nao a dieta com excesso de leucina.

O peso muscular das fémeas (CW e CWL) foi reduzido ac final
do experimento (Figura 13), provaveimente devido ao intensc crescimento
do tumor (Figuras 3 e 4). No estagio inicial do desenvolvimento neoplasico,
a proteina corporal ndo se altera e o nitrogénio € distribuido entre o
musculo e a neoplasia. No entanto, no estagio final, quando a anorexia
esta evidente, a proteina corporal reduz drasticamente (MacFIE, 1987,
COHN et al., 1981). Estes resultados coincidem com o decréscimo de
proteina muscular verificado no grupo com tumor CW (Figura 14). O
cancer cresce, enquanto que a massa muscular e adiposa do hospedeiro
sdo reduzidas (LAWSON et al., 1982; LANDEL et al., 1985). Tanto a
sintese protéica, como a utilizagdo de glicose pelas celulas musculares

estdo muito diminuidas no cancer, com menor incorporacédo de leucina

[14C], fenilalanina [4-3H] e valina [14C], e aumento do catabolismo destes
aminoacidos, conforme observado em ratos com carcinossarcoma, em
camundongos com adenocarcinoma de célon e em pacientes com
carcinoma hepatocelular (BECK et al.,, 1991, GUAITANI, 1993, O'KEEFE
et al, 1990; SMITH & TISDALE, 1993). Diminuicdo da atividade de

enzimas envolvidas na oxidacdo e/ou degradagdo glicolitica e maior



atividade das proteases musculares estdo associadas & reducdo da massa
muscular esquelética, com atrofia preferencial dos musculos fasicos,
atingindo, principalmente, as proteinas contrateis, em relacdo as
sarcoplasmaticas. Segundo TAKEY & BRASEL (1980), a sintese protéica
muscular esta diminuida, bem como a concentragdc de aminodcidos
essenciais plasmaticos e do tecido muscular, de ratos portadores do
carcinossarcoma de Walker 256. Trabalhos recentes, realizados com o
hepatoma ascitico de Yoshida AH-130, com o carcinossarcoma de Walker
256 e com adenocarcinoma MAC16, mostraram que a diminuicdo rapida e
intensa de peso do hospedeiro estava associada a reducéo acentuada do
contetido de proteina da musculatura, considerado como principal fator da
caquexia (GUAITANI, 1993; SMITH & TISDALE, 1993; TESSITORE et al.,
1993).

Estudos com suplementagdo de aminoéacidos de cadeia longa
tem evidenciado a melhora dos processos de sintese (ANTHONY et al,,
1999) bem como reducédo da degradagado de proteina (BUSQUETS et al,,
2000). Concordando com a hipétese inicial deste trabalho de que a
suplementag¢@c de leucina poderia prevenir a espoliacdo da carcaga do
hospedeiro com cancer, verificou-se que apesar da reducdo do peso do
musculo gastrocnémio e da massa corpérea magra nas ratas CWL, néo foi
verificada diferenca na concentracdo protéica muscular em relagdo a
respectiva controle CL e em contrapartida esta concentracédo de proteina
foi significativamente maior do que nas ratas CW, sugerindo um provavel

efeito protetor da suplementacdo de leucina na dieta.
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Figura 13: Pesc do Muscule Gastrocnémio dos diferentes grupos experimentais. Legenda de
identificag@o vide figura 1. ®, p< 0,001 em comparagdo aos respectivos controies.
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Figura 14: Teor de Proteina do musculo gastrocnémio dos diferentes grupos experimentais.
Legenda de identificac@o vide figura 1.  p<0,05 em comparagéo com respectivo
grupo controle; °, p<0,05 comparagso enfre C vs CL e CW vs CWL.

O peso do figado foi significativamente elevado nos grupos
portadores de neoplasia alimentados com dieta normoprotéica (CW),
apresentando aumento em cerca de 18% em comparagdo ao grupo

controle C. Por outro lado, os animais alimentados com dieta com excesso
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de leucina mostraram peso hepatico semelhante as respectivas CL. Estes
dados abrem caminho para investigacbes futuras, quanic a atividade
hepatica dessas ratas portadoras de tumor.

TAKEY et al. (1986) observam que animais implantados com o
carcinossarcoma de Walker apresentam peso do figado significativamente
maior, porém com teor de nitrogénio semelhante ao dos controles.
Entretanto, VILLA e colaboradores estudando hepatécitos isolados de
ratos portadores do carcinossarcoma mostraram aumento da degradacéo
de proteinas de turmnover lento (albumina) em relacdoc aos controles ou
pair-fed, bem como aumento da sintese protéica explicando, assim, o
maior contetdo de proteina e do peso do figado em ratos portadores de
cancer .

Ocorre, ainda, no figado maior incorporagdo de aminoacidos
marcados nas proteinas, indicando sintese protéica elevada e aumento da
atividade das enzimas lisossomais, mostrando maior atividade hepatica na
presenca do cancer (LAWSON et al., 1982).
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Figura 15: Peso do Figado dos diferentes grupos experimentais. Legenda de identificacio dos
grupos vide figura 1. # p<0,001 em comparacdo ao respectivo controle; °, p<0,01 em
comparacao ao respectivo controle; ° p< 0,001 em comparacao com os respectivos
grupos portadores de neopiasia.



5. ANALISE DO PERFIL BIOQUIMICO SERICO DOS DIFERENTES
GRUPOS EXPERIMENTAIS

Varios trabalhos da literatura mostraram elevada utilizacdo de
glicose com conseqlente redugédo deste substrato na circulagéo sanglinea
em pacientes e animais portadores de neopiasia (SVANINGER et al.,
1989; SAUER & DAUCHY, 1990; GAMBARDELLA et al., 1993). Estes
dados confirmam agueles observados nesse trabalho onde houve reducéo
significativa no teor de glicose, nas ratas jovens com implantacdo de tumor
(CW e CWL) em relagé@o ao respectivo grupo controle (C e CL) (Figura18).

Por outro lado, a reducéo glicémica encontrada nc grupe CWL
foi, significativamente, menos pronunciada (cerca de 28 %) do que aquela
observada nas CW (54 %) (Figura 16).
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Figura 16: Concentrag&o de glicose sérica dos grupos experimentais de ratas jovens. Legenda
de identificacgo dos grupos vide figura 1. ® p<0,01 em comparagéo ao respectivo
controle; °, p<0,05 em comparacdo ao respectivo controle; , p<0,05 comparagéo
entre CW vs CWL.



Paralelamente, foram observadas nos grupos CW e CWL,
reducbes significativa do teor sérico de proteina total, albumina e globulina
(Figuras 17, 18 e 19). Estes dados coincidem com os achados, da
literatura, em pacientes e animais com cancer (CAIRC & LUCCHINE,
1993, GOMES-MARCONDES et al, 1998; LUNDHOLM et al., 1980). A
reducdo do teor de proteina total estd associado a reducdo da albumina;
provavelmente degradag¢do de albumina por hepatécitos isolados esta
elevada na presenca de cancer, em relacéo aos controles. Além disso,
VILLA et al. (1992) verificaram significativa queda de sintese hepatica de
albumina em ratos portadores de tumor, sugerindo que a queda da
concentrac@o plasmatica seria decorrente da elevada degradacéo, bem
como queda da sintese de albumina, em relagéo aos confroles e pair fed.
Nossos resultados, grupos pair-fed, s&o concordantes com os achados de
literatura, em que ha queda do teor de proteina total e albumina em
decorréncia do processo de restricdo da ingestdo alimentar e consequente
desnutricdo (MELLO, 1985). Além disso, os animais com tumor (CW)
apresentaram peso hepatico elevado, concordando com elevacdo da
atividade hepatica e consequentemente aumento da degradacdo de
albumina verificado por VILLA e colaboradores (1992) em animais com
carcinossarcoma.

GUAITANI et al. (1993) também observaram reducdo dos
teores plasmaticos de proteina total, albumina e globulina, e aumento do
turnover protéico plasmatico em ratos portadores de carcinoma. Elevada
concentragdo de aminoacidos plasmaticos provém substratos para serem
utilizados no processo de neoglicogenese e também para serem utilizados
pelas células neoplasicas (LEVIM et al., 1983; SAUER & DAUCHY, 1990).



O tumor utiliza, preferencialmente, determinados aminoacidos,
como glutamina, leucina € metionina, nos seus processos de sintese
protéica, bem como oxidagdo, acarretande desequilibrio na concentragao
plasmatica dos mesmos (SAUER & DAUCHY, 1980). Desta forma a
neoplasia retém o nitrogénic em beneficio do seu proprio crescimento,
enquanto ¢ hospedeiro reduz a incorporagdo e aumenta a degradacao

protéica, contribuindo para a deplegéo da carcaga e instalagéo do estado
caqguetico.
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Figura 17: Concentracdo de proteina total sérica dos grupos experimentais de ratas jovens.
Legenda de identificacdo dos grupos vide figura 1. % p<0,05 em comparagéo ao
respectivo controle; °, p<0,01 em comparag&o ao respectivo controle.
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Figura 18 Concenfracdo de albumina sérica dos grupos exper'mentais de raias jovens
Legenda de ;denttf cac;ac dos grupos vide figura 1. °, p<0,01 em comparac@o so
respective controie; °, p<C,05 em comparagioc ao respectwo conirole.
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Figura 19: Concentracdo de globulina sérica dos grupos experimentais de ratas jovens.
Legenda de ldenttfacat;ao dos grupos vide figura 1. ®, p<0,01 em comparacdo com o
respectivo controle; °, p< 0,01 comparagao entre C vs CL.
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6. ANALISE DA TAXA DE ABSORGAOQ INTESTINAL DOS DIFERENTES
GRUPOS EXPERIMENTAIS

O grupo CW apresentou semelhante taxa de absorgéo de
glicose em relacdo a respectiva controle C (Figura 20). Estes dados néo
coincidem com o0s enconfrados em resultados previos (GOMES-
MARCONDES et al., 1998) onde verificou-se redugdo da taxa de absorgéo
de glicose em animais adultos portadores do tumor de Walker, ou ainda
taxa de absorgcdo semelhante em animais recém desmamados portadores
deste mesmo tumor. Em conirate, redugdo da ingestdo de alimenios ou
jejum, aumenta rapidamente a taxa de transporte nas células endoteliais
intestinais, consequentemente, aumentando o transporie de glicose
(FERRARIS & DIAMOND, 1987).

De fato, razdes fisiolégicas ou patologicas poderiam decrescer
o numero e/ou tamanho dos microvilos, ou do nimero de enterdcitos ou,
ainda, do numero de carreadores da borda em escova (MARTI et al.,
1995). Em experimentos realizados em ratos, foi demostrado que, com a
reducdo da oferta de proteina, o transporte de aminoacidos essenciais foi
mantido ou ligeiramente aumentado por carreadores dependentes ou
independentes de Na® (HIST, 1993). Os resultados observados nos grupos
pair-fed, CWp, séo concordantes com os dados da literatura, pois a
restricdo a ingestdo resultou em aumento da taxa de absorcdo de
metionina (Figura 21) e absorcdo de leucina similar as ratas controles C
(Figura 22).

A presenca de tumor, no grupo CW, mostrou tendéncia a
reducdo taxa de absorgdo de metionina e leucina em comparagéo ao

controle C. Estes dados n&o concordam com agueles observados por
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GOMES-MARCONDES et al. (1998), em que a taxa de absorcdo de
metionina foi elevada nos animais com tumor, independente da idade do
hospedeiro e a taxa de absorg&o de leucina foi elevada apenas nos ratos
jovens com tumor. Como foi ressaltadc anteriormente, a ingestao
adequada de aminoacidos é necessaria a manutencdo da taxa de
crescimento e desenvolvimento. Além da presenca do crescimento
neoplasico causar anorexia, a menor ingestdo protéica promoveu menor
taxa da absorgao de aminoéacidos, observada neste animais, contrariando
os dados de literatura, que a menor oferta de proteina induzira aumento da
taxa de absorgéo (HIRST, 1993).

Por outro lado, todos os grupos com dieta com excesso de
leucina apresentaram elevada taxa de absorcdo de metionina e leucina
(Figura 21 e 22) comparados aos grupos de eutréficas C e CW. Entretanto,
o grupo CWL apresentou consideravel reducéo da taxa de absorcdo de
metionina e leucina em relac@o a respectiva controle CL. Porém, nas ratas
submetidas a excesso de leucina CWL, a taxa de absorcdo de ambos
aminoacidos (metionina e leucina) foi significativamente aumentada,
guando comparadas as ratas CW.

SHEWCHUK et al. (1997) verificaram que a suplementacéo de
glutamina na dieta de ratas portadoras de hepatoma de Morris promoveu
aumento da evolugéo do peso corporeo, reduzindo o peso tumoral e a
relacdo peso tumor pelo peso da carcaca. No presente trabalho, apesar da
reducdo do pesc muscular, a massa corpérea magra das fémeas CWL foi
parcialmente recuperada, uma vez que houve um acréscimo de 11,5% em
relacdo as CW. Provavelmente esta elevada taxa de absorcdo promoveu o

suporte de amincacidos para garantir as alteragbes metabdlicas
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direcionada a manutencdo da massa corpdrea magra, que nado foi
verificado nas CW.

3%
]

Taxa de Absorcio de
Gilicose {(nmol m‘?mm")

C CcW CWp CcL CWL CWLp

Figura 20: Taxg de absorgéo de glicose dos grupos de ratas jovens. Legendz de identificagac
vide figura 1.
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Figura 21: Taxa de absorc8c de metionina dos grupos de ratas jovens. Legenda de

identificagao vide figura 1. ® p<0,01 em comparagdo ac respectivo controle; °
p<0,001 comparagdo entre CL vs C e CW vs CWL.
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Figura 22 ‘Taxg de absaorgéo de leucina dos grupos de ratas jovens. Legenda de identificagao
vide figura 1. ® p<0,05 comparagao C vs CL; °, p<0,05 comparacdo CW vs CWL.
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CONCLUSOES

O desenvolvimento tumoral alterou o metabolismo do
organismo hospedeiro com redugdo do peso corpéreo, da ingestao
alimentar e do peso dc musculo gastrocnémio caracterizando o estado
caquético.

A suplementacdc de leucina na dieta promoveu: aumento do
contetdo protéico muscular no grupo CWL, quando comparado ac grupo
CW que recebeu dieta normoprotéica, tendeu a melhorar o balanco
nitrogenado, recuperando parcialmente a massa corpérea magra, através
da preservagao nitrogénio nd@o colageno (contelidos infracelulares) e
aumento da absorgéo intestinal do organismo com céncer.

Estes achados sugerem que a leucina provavelmente melhora
o processo de sintese e degradacéo protéica preservando assim a carcaca

e melhorando a qualidade de vida de organismos portadores de neoplasia.
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PARTE 2

Nesta parte sd@o apresentados os trabalhos sobre as ratas
jovens gravidas, submetidas ou ndo a suplementagao de leucina na dieta e
inoculadas ou nao com o carcinossarcoma de Walker 256. O trabalho
publicado na revista Brazilian Journal of Medical and Biological Research
corresponde & composicdo corporea quimica, € o outro, submetido a
publicagdo na revista BMC, corresponde aos resultados obtidos nos

experimentos de absorgéo intestinal.
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Effect of a leucine-supplemented
diet on body composition changes in
pregnant rats bearing Walker 256 tumor

Departamento de Fisiologia & Biofisica, Instituto de Biologia,

Universidade de Campinas, Campinas, SP, Brasi!

Abstract

Cancer patients present high mobilization of host protein, with a
decrease in lean body mass and bedy fat depletion occurring in parallel
1o neoplastic growth, Since leucine is one of the principal amino acids
used by skeletal muscle for energy, we investigated the changes in
body composition of pregnant wmor-bearing rats after 2 leucine-
supplemented diet. Sixty pregnant Wistar rats divided into six groups
were fed a normal protein diet (18%, N) or a leucine-supplemented
diet (3% L-leucine, L). The pregrant groups were: control (CN),
Walker 256 carcinoma-bearing rats (WN), control rats pair-fed with
tumor-bearing rats (pfN), leucine-supplemented (CL), leucine-supple-
mented tumor-bearing (WL), and leucine-supplemented rats pair-fed
with tumor-bearing rats (pfL). At the end of pregnancy, all animals
were sacrificed and body weight and tumor and fetal weight were
determined. The carcasses were then analyzed for water, fat and total,
collagen and non-coliagen nitrogen content. Carcass weight was
reduced in the WN, WL, pfN and pfL groups compared to control. The
lean body mass and total carcass nitrogen were reduced in both tumeor-
bearing groups. Despite tumor growth and a decrease in fetal weight,
there was a slight decrease in collagen (7%) and non-collagen nitrogen
(8%) in the W1 group compared with the WN group which showed a
decrease of 8 and 12%, respectively. Although the WL, group pre-
sented severe tumor growth effects, total carcass nitrogen and non-
collagen nitrogen were particularly higher in this leucine-supple-
mented group compared to the WN group. These data suggest that the
leucine-supplemented diet had a beneficial effect, probably attenuat-
ing body wasting.

Malignant neoplasias can kill the host
due to fast growth spreading to all tissues and
the iniense waste of nutrients, or by a combi-
nation of these factors (1). Cancer cachexia
is characterized by anorexia and host tissue
depletion. More than 80% of the patients
with malignant disease present features of
malnutrition and cachexia as the cause of
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death (2). During cancer growth the host
presents hypercatabolism, mainly of protein,
reduced tissue mass and an increasingly nega-
tive nitrogen balance. In many cases, the lean
body mass of tumor-bearing rats decreases
proportionally to the increase of the neoplas-
tic mass (1). A recent experiment has shown
increased leucine oxidation in mmor-bear-
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ing animals, supporting the demand for both
skeletal muscle and tumor tissue, which
seems 1o contribute to the enhanced amino
acid wrnover (3). In the presence of energy
deficiency, tumor cells use other substrates
such as alanine, glutamine, lactic acid and
ketone bodies (4). Maternal nutrition is very
important for the duration of pregnancy. The
physiological changes occurring during preg-
nancy can be sustained by an appropriate
nutrient supply to ensure placental and fetal
development (5). The association between
cancer and pregnancy is about 0.1% (6).
Cancer development is difficult to predict
and its diagnosis is delayed due to the pe-
riod, evolution and term of pregnancy (3). In
fact, some studies have suggested that preg-
nancy does not favor the development of
cancer, but protects the organism against
tumor growth (7). In contrast, recent studies
have shown fetal reabsorption and death
during the evolution of malignant Walker
tumor (8). Protein is intensely mobilized in
the organism with cancer, a fact leading to
the cachectic state. On the other hand, dur-
ing the early stages of rat pregnancy, protein
is synthesized and accumulated in the mater-
nal organism and is later mobilized during
the last days of pregnancy to provide sub-
strates for the fetus (9). To some extent, the
fetus can be compared to rapid tumor growth
since both tissues have an exponential growth
and are dependent on an adequate supply of
glucose and amino acids. For this reason, the
association between cancer and pregnancy
may change the nutritional supply to both
tumor and feta] tissues. Furthermore, several
studies have reported that the branched chain
amino acid leucine independently stimulates
skeletal muscle protein synthesis and that
enhanced oxidation can prevent alanine re-
lease by skeletal muscle (10). Thus, the aim
of the present study was to investigate the
effect of a leucine-supplemented diet on
chemical body composition during tumor
growth in pregnant rats.

Young female Wistar rats (45 days old, N
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= 60) were obtained from the State Unijver-
sity of Campinas animal facility, and main-
tained in the Nutrition and Metabolism Re-
search Laboratory of the Department of Phys-
iology and Biophysics of UNICAMP. Fe-
male rats were placed with adult males {(90-
10G days old, 4 females: ons male) in collec-
tive cages for one night (12 h) according to
the harem method. The first day of preg-
nancy was determined following detection
of sperm in a vaginal smear. Animals were
housed in metabolic cages under normal con-
ditions (22 = 2°C, 12/12-h light/dark cycle).
All animals were fed ad libitum a semipuri-
fied AIN-G93 diet with free access to drink-
ing water throughout the experiment. Pair-
fed non-tumor-bearing controls were offered
the same amount of food as that eaten by the
tumor-bearing rats. The pregnant animals
were divided into six groups and studied for
20 days. Three groups were fed a normal
protein diet (18% protein, AIN-G93; N):
control rats (CN), tumor-bearing rats (WN),
and control pair-fed to tumor-bearing groups
(pfN). The other three groups were fed the
leucine diet (15% protein and 3% L-leucine,
according to AIN-G93; L): control rats fed
the leucine-supplemented diet (CL), tumor-
bearing rats fed the leucine-supplemented
diet (WL), and leucine pair-fed groups (pfL.).
A Walker 256 mumor cell suspension (ap-
proximately 0.25 x 106 cells in 0.5 ml of
saline) was subcutaneously injected on the
right flank of the WN and WL rats, and the
control groups (CN, CL, pfN and pfL) were
injected with 0.5 ml 0.9% NaCl without
anesthesia. The tumor cells were injected
immediately after pregnancy was detected.
General UKCCR guidelines (1988 United
Kingdom Coordinating Committee on Can-
cer Research) for animal welfare were fol-
lowed (Ethical Committee for Animal Re-
search, CEEA and COBEA, Brazil, No. 034-
2). During the experimental period, changes
in body weight, tumor weight, and food in-
take were recorded every two days. Tumor
weight was calculated from 3 orthogonal
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linear measurements and cormpared with the
data from a weight dimension curve (8).
After 20 days, all rats were killed by cervical
distocation. Placental, fetal and tumor weight
were recorded. Gastrointestinal tract, fetuses,
placentas, uterine tissues and tumor mass
were removed, and all carcasses were kept at
-20°C for chemical analysis of body compo-
sition. The amount of carcass water was
determined by subtracting dry weight from
wet weight. Total fat was extracted with
petroleum ether using a soxlet apparatus. An
aliquot of the carcass after dry and fat extrac-
tion was analyzed for total nitrogen content
using a colorimetric micro-Kjeldahl method
{11}, Another sample was submitted to alka-
line digestion with sodium hydroxide plus
acidified tannic acid. After these procedures,
collagen nitrogen was measured by the col-
orimetric method described by Albanese and
Orto (11). Non-protein nitrogen was calcu-
lated by subtracting collagen nitrogen from
total nitrogen. Statistical differences between
groups were assessed by Kruskal-Wallis one-
way analysis of variance (12} followed by
the Dunn test, with the level of significance
set at P<0.05.

Atthe end of the experiment all pregnant
rats presented a gain in body weight com-
pared to that observed at the beginning of the
experimental period. Even during pregnancy,
when maternal adaptations cause a weight

gain, turnor growth induced a reduction in
body weight (10% in WN and 15% in WL,
P<0.003; Table 1) compared to the control
groups. These results agree with those ob-
tained in studies on CO/COBS rats bearing
Walker 256 mumor for 14 days, which have
shown a 20% reduction in food intake and a
15% reduction ir body weight (13). In 2
previous study (8) we detected a 12% body
weight reduction in adult pregnant tumor-
bearing rats after 21 days. Although the de-
crease in body weight percentage in both
tumor-bearing groups was similar to that
reported in other studies, food intake was
greatly decreased in these groups (around
32% in the WN and WL groups, data not
shown).

Cancer cachexia is a complex syndrome in
which, besides fat depletion, the progressive
body weight loss occurs mainly because of the
wasting of protein tissue (14). Parallel o a
greater tumor mass, similar in both wmor-
bearing groups independently of diet treat-
ment (Table 1) and a progressive tumor/car-
cass weight ratio in WN and WL (around 7%
in both groups), there was a marked decrease
in fetal weight in both tumor-bearing groups
(57% in WN and 67% in WL; Table 1). These
results also support the idea of a harmful effect
of tumor burden especially during pregnancy
becanse tumor implantation caused marked
changes in the ratio between placental and

Table 1 Sody and cafcass wesght bcsdy gaen mef and fetsf wezght of the gxegnant groups szuczeci

&0

Data are fe::orteé as fmeans + SEM for 13 amma!s per group. Grou;:»s control €CN beanng a Waike{ 256 carcinorna (W) control peir-fed to tumor-
bearing -groups pr). contred receiving 8. 1aucme~$uppiemented diet [CL); wimor-hearing ats recaing a- leucing-supplemented diet (VL. and
leucine pairfed groups fpfLy, *Carcass weight regresents the total body weight minus placemas fetus, uterus, intestinal tract and twmor issus,
*Peh. 08 cam;zereci to c:om:of groups, "Pa:O G5, CN vs CL or WN vs WL (Kruska »Waiizs test. feﬂowed by the Dunn test,

N TN N ol W pfl
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Body weight gain on the last day (%) 1855 & §.55 1289 = 4.52% 1118 x 6.53* 1419 & $06* 1357 + 7.03** U818 » 5.72*
Turner weight (g} 11.73 = .82 11.58 x 068
Fetal weight (g} 373 £ 013 161 = 0227 2858 + 034 345z 016 1.15 £ Q.16 277 £ 028"
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fetal weight. In the WN group, the fetal weight
decrease was positively cormelated with the
placental weight decrease (P<0.01; data not
shown) and therefore the nutritional support to
fetal growth could be due to reduced placental
function. This idea is supported by the fact that
fetal weight reduction was less intense during
nutritional deficiency, such as that observed in
both pfN and pfL groups (a 20% fetal weight
decrease). In addition, the leucine-supple-
mented diet associated with tumor growth
induced a reduction in fetal and placental
weight similar to that observed in the WN
group.

Despite the reduction in fetal weight in-
duced by the leucine-enriched diet, there
was no correlation between the placental
and fetal weight, suggesting that other
mechanisms may be invoived in the harm to
the maternal unit. Previous studies have
shown that tumor implantation reduces pla-
cental and fetal weight and protein content in
the placenta and fetus of adult tumor-bearing
rats (8), and produces intensive hemorrhage
and edema in the placenta of tumor-bearing
rats (15). In contrast, the implantation of
Yoshida AH-130 ascites hepatoma during
the last week of rat gestation resulted in
normal fetal growth (16). In most studies,
the percentage of carcass water was higher
in cancer patients (17). The body water con-
tent was slightly increased in the WN, WL
(6% and 7%, respectively) and pair-fed
groups (6% in pfN and 9% in pfl). There-
fore, our data suggest that the changes pro-
duced by tumor growth in these pregnant
rats do not support the alterations in body
water content observed in cancer patients
and in animals (18). The fat carcass decrease
observed in both tumor-bearing groups (32%
in WN and 20% in WL) may have been due
to the intense fat mobilization from adipose
tissue especially in the WN group.

Depletion of host fat stores is a common
finding in cancer cachexia. In an extensive
review (14), this loss of body fat was related,
in part, to a circulatory lipid-mobilizing fac-
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tor derived from the tumor cells. Although
anorexia is common in cancer, 10ss of car-
cass fat cannot be attributed to a decreased
calorie intake alone, since pair-fed animals
do not lose as much fat as mumor-bearing
rats. In contrast, we observed that the de-
crease in body fat was similar in both tumor-
bearing and pair-fed rats. This was possibly
related to the catabolic phase during the last
days of the rat pregnancy. In pregaant rats,
body fat accurnulation reaches a maximum
at 19 days of gestation and declines on the
21st day, but several fat depot changes are
highly dependent on the animals’ feeding
condition, since they change in magnitude
and even in direction in the fasting state (19).
A slight decrease in lean body mass, which
was not significant, was observed in the WN
group (Table 2).

Other studies have shown a significant
increase in proteolysis in cancer patients,
twice as high as observed in malnourished
patients. This wasting of lean body mass
reveals the incapacity to conserve body pro-
tein (20). In contrast, the WL group pre-
sented a slight increase in lean body mass
compared with its respective control group.
However, the increase in WL lean body mass
was significantly higher than in the WN
group (around 12%}), suggesting an improved
effect of the leucine-enriched diet. In spite of
a slight {not significant) decrease in total
carcass nitrogen in both tumor-bearing groups
(Table 2), the WL group kept the total nitro-
gen level (13% higher than in the WN group)
even during the wasting of tumor growth.
Collagen nitrogen represents the extracellu-
lar mass that can be less metabolically active
and less wasted than the cellular mass. The
collagen nitrogen was preserved in the WN
group compared to the WL group, which
presented a significant decrease in this pa-
rameter compared to the CL group (Table 2},

Carbo et al. (16) suggested that preg-
nancy could protect against the cachexia
induced by the tumor or retard its appear-
ance. The authors found a simnilar increase in
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Table 2 - Body water content, body f3t, fean body mass, total carcass nitragen, and eodiagen and non-collagen nitrogen content of the pregnant

groups stuched,

Data are reported as means & SEM for 10 animals per group. See Table 1 for group abbreviations. *P<0.05 cormpared 1o the respective conod
groups; **P<0.05 compared ta the WN group (Kruskal-Walis test foliowed by the Dunn testh

O

Wi,

WIN piN cL ot
Body water (%) . 687 x 146 6085 & 1.73 . B583% 2 058  56.7% £ 2.55 5948 x 148 .- B1.31 2 054
Sody 3t 1%) 1349 = 088 8104 1L.79% . 807 =2 057" 1507 £ 217 12072 1862 . E5G 4 042°
Lean body mass (g} 3984 £ 086 3771 2 146 3753 2 144° 3924 & 080 4222 % 1.48%% " 3305 & 1.93*
Total nitrogen img/100 g €561 = 310 8039 « 3.58° . 5390 £ 432 6974 2410 88,27 £ 347" 5421 x 1.70°
carcass weight} . R

Coilager: nitrogen ma/10 g 588 = 0.53 5.98 £ 0.42° 708 = 050 B57 £ 055" . 68220770 £.48 = 0.75
carcass weighty 0 ST e :

Noncolizgen nitrogen (ng/100 g 5382 £ 210 5332 2 4.321% . 8687 448 61,17 + 389 Y VACE S By s

carcass weight) _

proteolytic rates in both tumor-bearing preg-
nant and virgin rats, but in spite of a great
reduction in both protein synthesis and deg-
radation in the tumor-bearing groups, these
changes were similar to those observed in
the control pregnant groups. Cohn et al. (17)
reported that non-collagen nitrogen repre-
sents the cellular mass and duning pathologi-
cal states there is a preferential mobilization
of this protein store.

In the present study, we found a signifi-
cant reduction in non-collagen nitrogen only
inthe WN turnor-bearing group (around 11%;
Table 2). In contrast, WL rats presented a
13% higher non-collagen nitrogen level than
WN, suggesting that the waste in body nitro-
gen was lower in the leucine-supplemented
group. Although collagen nitrogen was de-
creased in the WL group, non-collagen ni-
trogen was maintained in these animals, sug-
gesting that leucine supplementation provid-
ed a substrate to preserve the nitrogen car-
cass. Peripheral muscle wasting may be due
to increased muscle catabolism, decreased
protein synthesis, or a combination of the
two (14). While there appears to be an over-
all decrease in the synthesis of muscle pro-
tein in cancer patients, there is an increase in
whole-body protein turnover leading to an
elevated endogenous protein breakdown and
oxidation of amino acids. In addition, amino
acid requirements are altered in the tumor-

bearing state. Host leucine requirements have
been shown to be increased in the presence
of a rapidly growing tumnor. Some malignant
cells have specific requirements for essen-
tial amino acids. Removal of one amino acid
by the tumor would lead to a depression of
host protein synthesis (14). For this reason,
since normal synthesis requires the full
complement of amino acids, we may suggest
that supplementation with one amino acid
{for example, leucine) probably supported
the high rates of muscle oxidation, contrib-
uting to the decreased output of some amino
acids from skeletal muscle, which could be
used by neoplastic cells. Further studies are
currently underway to find out whether leu-
cine supplementation could be of benefit to
the host carcass by reducing peripheral tis-
sue mobilization. '
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EFFECTS OF LEUCINE SUPPLEMENTED DIET ON INTESTINAL ABSORPTION IN TUMOR
BEARING PREGNANT RATS.

VENTRUCCI G, MELLO MAR, COoMES-MARCONDES MCC*. Dept Physiology & Biophysic, Biology Institute,

UNICAMP, Brazil. 13083-970. * to whom correspondence should be addressed.

it is known that amino acids oxidation is increased in tumor-bearing rats muscle and that leucine is an
important ketogenic amino acid that provides energy to the skeletal muscle. To evaluate the effects of a
leucine supplemented diet on the intestinal absorption alterations produced by Walker 256, growing
pregnant rats were distributed into six groups. Four groups received a normal protein diet (18% protein):
virgin {C), pregnant (P}. tumor-bearing (W), pair-fed rats (Pp). Three others pregnant groups were fed a diet
supplemented with 3% leucine (15% protein plus 3% leucine): leucine (L), tumor-bearing (WL) and pair-fed
with feucine (Lp). After 21 days, the animals were submitted to intestinal perfusion to measure leucins,
methionine and glucose absorption. In tumor-bearing pregnant rats, the metabolic changes led to reduction
in both fetal and tumor development. Leucine and methionine absorption slightly increased in W group. In
spite of having a significantly decrease on leucine and methionine absorption compared to L, the WL group
has shown a higher rate absorption of these amino acids than W group, probably due to the ingestion of the
leucine supplemented diet offering more amino acid. Glucose absorption reduced in both tumor-bearing
groups. Leucine group promoted high leucine absorption, which can be used by neoplasic cells and, mainly,
by fetus and host. Probably, the transamination of the branched long chain amino acid provided energy for

the skeletal muscle, keeping the nitrogen offered to host carcass.
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Background

Cachexia is a debilitating state and still poorly understood syndrome of progressive body weight loss
present in many types of cancer. It is characterized by host invoiuntary weight loss, anorexia and metaboiic
alterations (Inui, 1999). The anorexia-cachexia syndrome is a complex metabolic and behaviora! alteration
correlated with poor cutcome and compromised quality of iife, leading to death (Tisdale, 1997, 2000; Bruera,
1997). Loss of protein is a major factor in the shorter survival fime of patients with cachexia and may aiso
contribute to the immunologic abnormalities (Tisdale, 2000). Despite the controversy about the underlying
molecular mechanism of cancer cachexia, the growing tumor has a considerable demand for essential
amine acids and glucose. The tumor daily nutrient needs can increase considerately, especially for leucine
(Lazo, 1981). As a result of the demand for leucine there is an amino acid flux from muscie to the tumor
associated with muscular wastage in the host (Lazo, 1981).

Muscle wasting may be due to increased protein catabolism, decreased protein synthesis, or a
combination of the two (Tisdale, 2000). Smith and Tisdale (1997) demonstrated that serum from cachectic
animals was able to increase protein degradation in isolated gastrocnemius muscie, while serum from mice
bearing MAC13 adenocarcinoma, which is not associated to cachexia, did not increase protein breakdown.

Branched-chain amino acids (BCAA: leucine, isoleucine and valine) are essential nutrients for both
humans and animals, making up to 40% of the animal daily requirements of indispensable amino acids for
humans (Adibi, 1976), leucine alone representing 8% of body protein in human (Block, 1956).

In the study of the mechanism that leads to protein waste, particular interest has been given to the
metabolism of BCAA (Nair et al, 1992). The carbon skeletons arising from transamination of BCAA provide
the major source of metabolic fuel for skeletal muscle. Argiles and Lopez-Soriano (1990) have shown that
during cancer, the BCCA plasma levels were often increased and their turnover rates altered. It has been
previously demonstrated that in vivo leucine oxidation {0 CO2 is enhanced in tumor bearing animal (Goodlad
et al, 1981; Argiles and Lopez-Soriano, 1890; Costelli et ai, 1885) and associated to an increased amino
acid turnover.

In previous studies, it has been shown that a feucine supplemented diet could prevent, in part, the
high cell nitrogen wastage (expressed by non-collagen nitrogen) in pregnant tumor-bearing rats (Ventrucci

and Gomes-Marcondes, 2001},
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Amino acids absorption can occur by co-transport system and facilitated transport systems through
cellular pathways. The intestinal amino acids transport capacity is related to the animal age and depends on
the microvilli and the number of carrier on the brush border (Vinardell, 1992). The deterrination of nutrients
or amino acids absorption in certain pathologies is an important condition to assurance the better dietary
program to be given in these cases. Furthermore, this is an important issue in the study of cancer, since
altered intestinal absorption may alter blood chemistry and contribute to anorexia genesis. To investigate
the effects or a leucine supplemented diet on leucine, methionine and glucose absorption in the presence of

Walker 256 tumor growth was the main purpose of the study reported here.

Methods

1)  Animails and diets:

Young female Wistar rats (45 days old. N=60) were obtained from the animal facilities of University of
Campinas, S&o Paulo, Brazil. The females rats were placed with adults males (90-100 days old, 4 females:
1 male) in collective cages during one night (12 hours), in agreement with harem methodology (Baker,
1991). The first day of pregnancy was determined following detection of sperm in vaginal smear.

All animals were kept in metabolic cages under normal conditions (22+2°C, 12/12 h light/dark cycle)
with free access to water and food during 20 days.

The semi purified control diet contained 18% protein, 63% carbohydrate, 7% fat, and 5% fibers- AIN-
03G (Reeves et al., 1993). High leucine diet contained 15% protein added 3% L-leucine and same amount

carbohydrate, fat and fibers percentage as the controi diet.

2)  Groups of rats studied

The fermale rats were distributed into 7 groups: four groups were fed with semi-purified control diet:
control (virginy C; pregnant, P; pregnant tumor bearing rat, W, pregnant pair fed group, Pp, received the

same amouni ingested by tumor-bearing group W. Three others pregnant groups were fed with semi-purified
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leucine supplemented diet: pregnant, L; pregnant tumor bearing, LW, and pregnant pair fed rat receiving

leucine suppiemented diet in the same amount ingested by LW group, Lp.

3 Tumor implantation

Groups W and LW were subcutaneously implanted with Walker 256 tumor cell suspension (approx.
0,25 x 106 in 0,5mL of saline) in the right flank of the rats. These pregnant groups were injected with tumor
cells immediately after the detection of the pregnancy. The groups without tumor were injected with 0,5mL
0.9%{w.v.) NaCi without anesthesia,

All experiments were commenced between 8:00 and 10:00 am, and followed during 20 days after

tumor implantation.

4)  Experimental proceedings

Food intake and body weight were measured every two days. Tumor weight was calculated from 3
orthegonal linear measurements using the weight dimension curves (Gomes et al, 1983).

After 20 days all experimentai groups were submitted to intestinal perfusion, as described by Gomes-
Marcondes et al (1898) to estimate leucine, methionine and glucose after fiux perfused solution containing
138,7 umol/L giucose, or 167, 5umol/L. DL-methionine or 190,5umol/L L-leucine. The flow rate was 0,5 to 1,0
mi/min at 37°C, pH 7,0, during 60 min.

The animals were killed after Nembutal hyper dose followed cervical dislocation. Arterial blood
samples were collected to determine glucose, total protein and, albumin and muscle samples were weighted

and determined the total protein content.

5) Biochemical determinations

Perfused and blood glucose were determined by colorimetric method, Trinder (1969). Methionine and

leucine were measured following the spectrophotometric method described by McCarthy & Sulivan (1941)
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and Rosen (1957) respectively. Total protein content was analyzed using colorimetric method (Bradford,

1976)

6) Statistical analysis

The Kruskal-Wallis one way analysis (Gad & Weil, 1994) assessed statistical differences, using the
GraphPad Prism, v 3.00 for Windows 95. The comparisons among groups were considered statistically

significant when the P value was below 5% level.

Reasuis

Effect of Walker 256 tumor-bearing on body weight, food intake and fetal weight:

in this study, change in body and tumor weight were sequential monitored. These data is show in
Table 1. In both pregnant groups, the fumor growth promoted a high decrease in food intake; it was around
58% decrease in W compared to P groups, and this decrease was less intense in WL group (50%). High
decrease in food intake is demonstrated in several studies that show a deep decrease in food intake by
tumor bearing (Guaitani et al., 1983, Tisdale, 2000). The same food intake was proposed to pair-fed groups.

The body weight gain was significantly reduced in W and WL groups compared to their respectively
groups {50% in W and less reduced value was found in WL group, around 42%). In pair-fed groups the body
weight gain was less reduced compared fo tumor bearing, around 42% in Pp and 38% in Lp.

The same tumor weight was observed in both pregnant tumor bearing groups. The tumor/carcass
weight ratio was around 7% in both groups.

Against a fetal weight reduction, around 57% and 66% in W and WL respectively tumor-bearing
groups higher. In pair-fed groups, this reduction was not intense as in tumor bearing groups (around 20% on

the both groups).

Hematological parameters:

Blood glucose, total protein and albumin data are shown in Table 1.
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Blood glucose decrease in pregnant groups, with and without tumor, but this decrease was especially
higher in W groups. The leucine supplemented diet groups did not presented biood glucose variation
compared to comirol groups; and their values were significantly higher compared to P, W and Pp groups.
around 26%. These values were similar to controi group (C).

Despite of equal serum total protein, the serum albumin was decreased in both tumor-bearing groups

compared to respective groups (P and L, Table 1).

Effects of Walker 256 carcinoma on muscle weight and protein:

Indeed, the tumor growth caused a pronounced decrease in muscle weight and protein content in W
and WL groups (Figure 1). Analyzing the leucine supplemented diet groups it was verified that although WL
groups presented decrease in muscle protein content in comparison to L group, it was slightly higher than in

W group.

intestinal Absorption during Walker 256 tumor growth:

Giucose, methionine and leucine absorption data are shown in Figure 2. The pregnant state caused a
significant increase in glucose absorption independent on the diet freatment. This increase was around twice
in both P and L groups (Figure 2 A).

Tumor growth promoted significant decrease on glucose absorption, around 50% in W and 30% in WL
groups. Both pair fed groups also presented a decrease on glucose absorption (42% in Pp and non-
significant decrease 25% in Lp).

Methionine absorption (Figure 2 B) was slightly increase in P, but it was 5 fold higher in L group
compared to C group. Pregnant state really promotes an improvement on nutrients absorption due to the
metabolic alterations to support maternal metabolic expenses and fetal growth.

indeed the tumor growth inducing food intake promoted reduction on methionine absorption in W
{20%) and WL group (30%). Similar decrease on this amino acid absorption was observed in both pair fed
groups.

In contrast, the leucine absorption was not increased in P group, but in pregnant groups which

received leucine supplemented diet the absorption rate was 1.5 fold higher than control group.
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Although amino acid absorption is controlled by carrier transport, which can be increased or
unchanged with food deprivation, in tumor bearing group W the leucine absorption was higher compared to
C and P group, suggesting increased nutrients offer to provide the neopiasic celis proliferation. On the other
hand, the leucine supplemented diet groups implanted with Walker 256 tumor vresented a decrease on

leucine absorption rate, differently from the pattern showed by W group.

Discussion

This study demonsirates that the tumour growth produces some host alterations in pregnant rats,
which can be less pronounced during feucine supplemented diet. In the present experiments we can
observe reduction in some parameters in LW group, such as food intake, body weight gain, muscie protein
content, but less intense as in W group (Table 1 and Figure 1).

Reduction on food intake is frequently observed in animais and patients with cancer and it remains
unknown the mechanism involved in the anorexia process. The tumour-bearing state is associated with a
decrease in the host insulin: glucagon ratio. Hyperglucagonemia in the tumour-bearing state may be the
most important hormonal alteration causing abnormal carbohydrate metabolism in cancer anorexia {Hartl et
al, 1998). Increased glucagon levels can lead to anorexia, as well as increased hepatic gluconeogenesis
and utilisation of gluconeogenic amino acids at the expense of protein synthesis, leading to a negative
energy balance. Inhibiting glucagon secretion may increase carcass weight, preserve muscle protein, and
even inhibit tumour growth (Hartl et al, 1998). Cytokines such as IL-6 stimulate glucagon secretion in
humans (Inu, 1999). Recently, a transplantable rat glucagonoma has been isolated, which shows highly
increased circulating levels of glucagon and GLP-l, and is associated with severe anorexia, adipsia, and
weight loss (Inu, 1999). In recent study, decrease on food intake was observed in Walker tumour-bearing
rats (Gomes-Marcondes et al., 1888 a,b).

Although, the anorexia is always associated with a deep reduction on body weight gain, there are
many studies demonstrating that the cachexia process is much more complex as a simple association. Here
in this study a significant reduction in body weight was associated with decrease in food intake, but these
data was less pronounced in pair fed groups. Depletion of lean body mass in cancer cachexia is a major

factor responsible for the reduced survival time of cancer patients (Tisdale 2000). Both reduced rates of
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protein synthesis and increased rates of protein degradation have been observed in biopsies of skeletal
muscle from cachetic-cancer patients. Whereas muscle-protean synthesis as depress, syntheses of
secretory proteins, such as acute-phase reactants, by the iiver is actually increased, so that there may be no
change in total body-protein synthesis. However, in these patients muscie- protein synthesis only accounted
for 8% of total body synthesis versus 53% for healthy control subjects.

Although to date no studies have been reported in cancer patients, degradation of myofibrillar proteins
probably occurs by the adenosine triphosphate- ubiquitin- dependent proteclytic system because studies in
animals have implicated this pathway not only in cachexia but also in starvation, sepsis denervation,
atrophy, and metabolic acidosis.

Loss of skeletai-muscie mass in both cancer patients' and an experimented model of cachexia in the
mouse has been shown o correlate with the presence in the serum of bioactivity capable of inducing protein
degradation in isolated skeletal muscle. Such bioactivity has been termed the proteolysis-inducing factor
(PIF). Tisdale and collaborates (2000) demonstrated that this glicoprotein which can promote proteolysis on
skeletal muscle in cachetic tumour and in now tumour-bearing animals. Our results showed decrease in
muscle weight and protein content especially in W group. These results suggest that probably the leucine-
supplemented diet can improve the synthesis processes or inhibit the degradation mechanism in tumour
bearing host. The positive reports of an effect of leucine have been observed in tissues in catabolic states.
Conditions in vitro are, in general, catabolic, and studies in vivo have mostly been made on siarved and/or
siressed animals or man. Therefore, McNurlan et al (1882) have also investigated the effect of leucine on
protein synthesis in starvation and protein depletion, both of which are characterised by loss of body
nitrogen and low rates of tissue protein synthesis. Previous reports confirm (Garlick et al., 1975; McNurlan et
al., 1982) that protein synthesis under starvation conditions is depressed in all tissues, with skeletal muscle
the most seriously affected. In both starvation and protein deprivation depressed rates of protein synthesis
were accompanied by low concentrations of plasma insulin, conditions that in the study of Li & Jefferson
(1978) allowed leucine to stimulate protein synthesis in perfused muscie. In all groups which insulin
concentrations were higher in animals receiving leucine, there was no increased in protein synthesis.

In starvation, concentrations were little different from those in fed rats, whereas in protein deprivation

they were low. There was thus no correlation between rates of protein synthesis in any tissue and the



72

concentration of the branched-chain amino acids in plasma, confirming the observation of Millward et al,
(1876) that there was no relationship between concentrations of branched-chain amine acids in muscle and
the rate of protein synthesis. Injection of leucine caused an increase in its concentration in plasma o about 1
mM, which is comparable with that which stimulated protein synthesis in incubated muscle (Buse & Reid,
1975, Fulks et ai., 1979), perfused hemicorpus (Li & Jefferson, 1878) and in perfused heart (Rannels et gl
1974; Chua et al., 1878).

Branched-chain amino acids (BCAA; leucine, isoleucine, and valine) are essential nutrients for both
humans and animals, making up to 40% of the minimal daily requirerments of indispensable amino acids in
humans (Adibi, 1976}, leucine alone representing 8% of body protein in humans {Block, 1958}, Branched-
chain aminc acids (BCAA) have long been recognised as having a clear inhibitory action on proteclysis in
skeletal muscie (Li & Jefferson, 1978 C). The baby maintains the quality of its protein mass by a continuos
repair process. This repair involves continuo process of protein synthesis and degradation and can be under
control of the net balance between these two processes (Nair et al. 1892). Many nutrients, such as amino
zcids, have potential regulatory roles in protein metabolism (Fulks et al., 1975).

The availability of essential amino acids is critical for maintaining protein balance. Some studies
suggest that leucine and its ketoanalogues decrease net nitrogen loss in humans (Sapir et al., 1983),
therefore the mechanism of its anabolic effect remains controversial.

Leucine has been shown fo stimulate incorporation of amino acids into skeletal and cardiac muscle
protein (Fulks et al., 1985) and further to inhibit protein degradation in liver {Mich et al 1971, Sapir et al.,
1983) and skeletal muscle (Fulks et al., 1875). In vivo studies in rats failed to demonstrate any effects of
leucine on protein synthesis, buf in humans a mixture of amino acids was reported to stimulate protein
synthesis (McNurlan, et al., 1882).

Studies with human subjects indicate that the nitrogen balance is improved in response to BCAA
administration in conditions in which a negative nitrogen balance exists (e.g., starvation, surgery, acute
hepatic failure, and cancer) (Hunter et al., 1989, Miwa et al., 1995). Schaur et al. (1980) found that dietary
administration of BCAA (leucine and isoleucine) to tumour-bearing rats caused 2 limited increase in survival
time and decreases in tumour growth. Moreover, it has been shown that insulin effects on muscle protein

synthesis in vivo are enhanced by BCAA infusion (Garlick and Grant, 1988) These results clearly support



the hypothesis that BCAA may give important signals in controlling muscle protein turnover. It was precisely
with this aim that we investigated the action of leucine on muscle protein degradation with the objective of
elucidating which proteciytic system was invoived in the action of BCAA in skeletal muscle.

The results presented here clearly show that leucine is able to minimised the muscle proteolysis
which can be seen in body weight gain, food intake and muscle protein content. An elegant experiment,
done by Busguets et al. {2000) showed that lsucine can influence gene expression for the different
proteolytic system ubiquitin inducing a significant decrease (49 and 48% for the 2.4- and 1.2-kb transcripts,
respectively) in the expression of the ubiquitin genes. Furthermore, the presence of the amino acid aiso
caused a decrease in the C8 subunit of the proteasome both at 5 and 10 mM (31 and 47%, respectively}. It
has fo be pointed out that the muscles did not show any significant changes that could affect the ATP-
requiring ubiquitin system in either ATP or phosphocreatine (Busquets et al., 2000).

Normally the processes of growth and metabolism in the mammalian foetus are supported by a
constant uptake of oxygen, giucose, lactate, and amino acids across the umbilical circulation (Milley, 1998).
If the availability of these substrates to the foetus is limited, foetal growth decreases. It is widely assumed
that, once the chorioplacenta is functional amino acid nutrition occurs by the direct placental transfers of free
amino acids from the maternal to the foetal blood stream (Beckman et al., 1998)

During the period of foetal growth, before the chorioallantoic placenta is fully functional, the principal
source of amino acids for the developing embryo is protein rather than free amino acids {Béckman et al,
1997) maternally derived protein is degraded in the endodermal cell of the visceral yolk sac and the resulting
amino acids are utilised for protein synthesis by both embryo and the yolk sac.

Protein synthesis decreases sufficiently to account for most of a simultaneous decrease in foetal
metabolic rate. Thus reduction of the metabolically expensive process of protein synthesis allow
conservation of limited foetal oxygen supply for other needs.

Protein breakdown represents an additional constituent of protein turnover that requires expenditure c
intraceliufar energy (Milley, 1998). Measurement of this variable is particularly important because festal
protein accretion, the difference between protein synthesis a protein breakdown, is an important component
of foetal growth. Nevertheless, there is no data indicating whether foetal proteolysis is affected by decreased

oxygen availability.
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On the other hand, intestinal amino acid transport is regulated in a complex way by dietary levels of
protein, protein hydrolysates, or amino acids (Stein et al, 1987). Inhibition of giucose absorption by high
concentrations of certain AAs has also noted for mammalian cells in culture, such as mouse-L cells and
Chinese hamster ovary celis (Stein et al, 1987). These factors may contribute to cause the pattern observed
for the intestine. 1) Because several essential neutral AAs compete for absorption by the same intestinal
transporter, an excess of one of those might inhibit growth by reducing absorption of essential AAs. The
same argument applies to the essential basic AAs Lys and Arg, which probably compete for another
transporter. 2) Excesses of essential AAs are generally more toxic than are excesses of nonesseniial AAs
(12). 3) Pro, Asp, and Glu may be more metabolised to yield caiories than are other AAs.

Howaver, it seems uniikely that these differences growth rates per se caused the observed
differences intestinal upiake rates because intestinal and mucosal masses and intestinal lengths did not vary
with ration and because there is no correlation be dietary effects on growth rates and on uptake.

intestinal sugar and amino acid transports are regulated independently. Although we observed
differences in AA uptake related to leucine excess diet, we observed no such differences for D-glucose
uptake except in the pregnant groups. The effects of tumor growing are much evident reducing the glucose,
methionine absorption rate, but the leucine absorption is increased in this group. Conversely, exchanging
one dietary sugar for another has specific effects on sugar uptake but not on AA uptake (Stein et al., 1987).
Simultaneous reciprocal changes in dietary protein and carbohydrate levels affect sugar uptake and AA
uptake in opposite directions. Thus intestinal sugar uptake appears to be regulated by dietary sugars or
carbohydrates, AA uptake by dietary AAs or profeins.

Intestinal AA transporters are regulated semi-independently of each other, because the uptakes of
AAs move via different transporters respond differently to the same dietary AA (Uhing & Arango, 1997).
Stein and collaborators compared the effects of AAs on AA transport involving specific effects on
transporters. For example, Asp is an outstanding stimulant of Asp uptake (mainly involving the acidic AA
transporter) and of Lys uptake (mainly involving the basic AA transporter) but not of Leu uptake (mainty
involving the neutral AA transporter) A priori, dietary supplementation by different AAs might have led to
different rates of AA transport through some non-specific mechanism, such as differences in intestinal

mucosal mass or architecture or energy supply or Na+ gradient. These findings can explain why methionine
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absorption was significantly increased in leucine excess diet group (L, LW and Lp, Figure 2). In contrast,
Hist (1983) reviewed the absorptive mechanisms and related that during nutritional manipulations there are
adaptations of camriers, which can show the differences found in tumour-bearing groups. Thus the AA
transport differences related to supplementing the ration with different AAs must involve specific effects on
transporters especially when it is related with neopiastic growth. This means that the physioiogical impact of

leucine on the effects of tumour growth remains to be further elucidated.
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Figure 1: changes in muscle weight (A} and protein content (B) in virgin and pregnant groups. C,
virgin control group, P pregnant rat; W pregnant tumor bearing group; Pp pregnant pair fed group; leucine
supplemented diet groups: L pregnant rat, WL pregnant tumor bearing and Lp pregnant pair fed group. Data
are means = SE. a p< 0.05 vs control group (C), differences were determined using two-way ANOVA

followed by Dun's test.

Figure 2: Changes on glucese (A), methionine (B) and leucine (C) absorption rate in virgin and pregnant
groups. C, virgin control group; P pregnant rat, W pregnant tumor bearing group; Pp pregnant pair fed
group; leucine supplemented diet groups: L pregnant rat; WL pregnant tumor bearing and Lp pregnant pair
fed group. Data are means + SE. a p< 0.05 vs control group (C); b p< 0.05 comparison P vs W, Pp, and L

VS WL; ¢ p< 0.05 comparison normoprotein diet vs excess diet.
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Table 1: Body weight, food intake, tumor weight/carcass weight, fetal weight, glucose, total protein and albumin serum of the groups studied.

c P W Pp L WL Lp

. o) 30214027 4502+1,32a 2283+053c 2601+107c 43,19+130a 2487x061¢c
'538235 g?;?g(gf?)me st day () 9877+ 455 9575+4,85  40,01+356ac 82,40+864 4129+363ac 20,78 £0440
Tumor weight/carcass weight (%) 7,81+0,27 7,46 +£0,33 277 + 044
Fetal weight (g) g 3,73+0,13 1,61+0.22 298+034 345+016  1,15+0,16 5966011 b
Glucose serum (nmol/L™) 535+015 423+021a 356+0,15ac 417x021a 534+021b 490+0,18b m 1
Total protein serum 786+050 6,47+ 0,49 5,06 + 0,32 5824023 590+048 4724024 0001020
Alburnin serum (g/dL) 2,30£029 2,81%0,31 220:023¢c 2704033 2924028 228+032¢c 0+ 0d

Data are reported as means + SE |10 number of animals per group. Groups: control (C); pregnant control (P}); pregnant tumor-bearing (W);
pregnant control pair-fed to tumor-bearing groups (Pp); pregnant control receiving a leucine supplemented diet (L), pregnant tumor-bearing
receiving a leucine supplemented diet (WL) and pregnant control leucine pair-fed group {Lp). a p<0,05 compared to control group (C); b p< 0,05

comparison among L, WL and Lp groups to P, W and Pp, respectively, ¢ p< 0,05 P vs W and L. vs WL.
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APENDICE

TABELA 1: Evolugao do peso corpéreo (g) dos diferentes grupos experimentais.

Dias de Experimento
0 3 5 7 9 10 12 14 16 19 20 21
139,91 14556 156,47 154,11 160,32 143,00 169,12 171,36 174,98 17134 174,83 18840
+406 +541 +423 +414 +396 +130 +£349 +379 +327 *218 1166 +097
oy 421 1401415724 154,15 154,42 163,23 163,70 168,00 169,59 18791 187,51 18108
+269 +237 +246 +280 +306 +£315 +£258 359 +304 383 303 *2,51

148,67 153,53 158,72 164,55 165,22 161,12 157,77 161,65 148 50 147 42

CWe +468 +392 +508 +523 +433 +£367 +323 +373 =365 + 3,45

141,28 141,03 157,37 164,30 177,18 178,42 196,12 194,58 19760

¢t +6,28 +4,52 +5,13 +4,14 +281 +943 10,04 14068 + 10,07
CWL 137,58 144,31 148,96 162,08 165,28 177,30 177,73
+252 +224 + 2,16 +2,22 +257 +321 +2,13

CWLp 148,74 141,41 150,55 155,37 146,40 140,61 136,16 130,35 123 11 119,56

+329 +515 +346 +356 +264 235 +211 +3,19 +240 1 3,09

Legenda: Grupos: C ratas jovens eutroficas; CW ratas jovens eutréficas portadoras de tumor, CWp ratas jovens
eutrdficas pair-fed; CL ratas jovens submetidas a dieta com excesso de leucina, CWL ratas jovens submetidas & dieta
excesso de leucina portadoras de tumor, CWLp ratas jovens submetidas & dieta excesso de leucina pair-fed.

Resultados expressos como médias + erro padrao da meédia.
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TABELA 2: Evolugdc da ingestao alimentar (g) dos diferentes grupos
experimentais. Legenda de identificacio vide Tabela 1.

Dias de experimento

1 3 5 7 9 10 12 13 14 16 17 gg
173 152 133 135 141 159 155 134 256 18,3 128
c +1.0 +11 +04 +01 +04 +05 £06 =01 £22 =03
234 159 162 138 16,0 144 138 91 83 6.0
CW 00 207 12 £08 0,0 £1.2 +£1.1 110 +12 £ 11
120 121 154 11,0 146 18,6 142 113 19.0 12.0
CL .08 04 19 +1. +12 +15 +14 +1,2 +13 1,1
133 131 135 115 72 61 67 50 57 59
CWL 07 108 +21 +22 +10 £05 +04 +068 +07 +1.0

Tabela 3: Peso do figado, miusculo gastrocnémio e tumor dos
diferentes grupos experimentais. Legenda de
identificacéo vide Tabela 1.

FIGADO GASTROCNEMIO TUMOR
c 6,83 £ 0,50 1,09 + 0,08
cw 8,86 + 0,46 0,88 £ 0,05 11,40 £ 0,45
CWp 4,15+ 0,14 0,93+0,06
CL 7,30 + 0,64 1,14 + 0,04
CWL 742 +£0,23 0,83+0,06 11,56 = 0,37
CWLp 3,46 £0,16 0,756 £ 0,02




