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RESUMO

Tese de Doutorado
Programa de Pés-Graduagdo em Ciéncias Biol dgicas. Bioguimica Toxicolégica
Universidade Federal de SantaMaria, RS, Brasil

INFLUENCIA DE PRODUTOSALIMENTICIOSRICOSEM FIBRA NA
BIODISPONIBILIDADE DE CADMIO E DE METAISESSENCIAIS
AUTORA: MARIA DA GRACA KOLINSKI CALLEGARO
ORIENTADORA: TATIANA EMANUELLI
Datae Local daDefesa: Santa Maria, 21 de Dezembro de 2009.

As fibras aimentares (FA) podem interferir na biodisponibilidade de elementos minerais tanto negativa
guanto positivamente. Este tem sido um assunto de diversas pesquisas e grande interesse em relacdo aos
minerais essenciais e alguns estudos também tém sido feitos em relacdo aos elementos tOxicos como o
cadmio (Cd). A contaminacdo ambiental com Cd e sua conseqiente entrada na cadeia alimentar pode levar a
graves problemas no homem e nos animais em geral, afetando varios 6rgéos, o que pode ser mais grave
guando a exposicao se da durante a fase de crescimento. Suplementos ricos em fibra sdo utilizados por parte
da populacdo em face da falta deste constituinte em suas dietas. Por outro lado, as multimisturas (MMs) sdo
suplementos alimentares de composi¢do varidvel e baixo custo, utilizados para melhorar o estado nutriciona
de criangas, sendo que estes suplementos sdo normalmente ricos em fibra e também em elementos minerais.
O objetivo deste trabalho foi avaliar o efeito de MMs e outros produtos alimenticios ricos em FA sobre a
absorcdo de elementos minerais e sobre a absor¢do, acumulacdo e toxicidade do Cd, em ratos em
crescimento. Foram conduzidos trés experimentos independentes. No primeiro experimento as multimisturas,
usadas como suplementos na propor¢éo de 5% da dieta, aumentaram a absor¢éo absol uta aparente de fosforo,
magnésio e manganés, proporcionalmente ao seu teor de fibra alimentar, ndo chegando a interferir na
absorc¢éo de célcio e cobre, o que sugere que estes suplementos podem ser fonte de alguns minerais na dieta
e, em proporcdes semel hantes aquela utilizada neste estudo, ndo reduziriam a absor¢éo de cacio ou cobre.
Num segundo estudo, uma MM, rica em fibra e em minerais essenciais, ndo reduziu a acumulagdo nem a
toxicidade do Cd quando este foi utilizado na dose de 25 mg/kg de dieta, mas reduziu a acumulagdo renal do
metal quando este foi utilizado na dose de 5 mg/kg de dieta, a qual é compativel com a exposi¢do humana
em algumas areas contaminadas, sugerindo que a multimistura poderia contribuir para reduzir a toxicidade
do Cd em zonas de contaminagéo aindainevitavel. No terceiro experimento, em que se comparou alinhaca e
o farelo de trigo com a celul ose purificada, observou-se que a linhaga, que contém maior proporcao de fibra
soltvel, aumentou a quantidade de Cd retido no figado e rins dos ratos em crescimento em comparagdo com
as outras duas fontes, que contém predominantemente fibra insollvel. Estes resultados indicam que
alimentos com maior proporcao de fibra solivel podem aumentar a deposicéo corporal de Cd, sugerindo que
deve haver cuidado naingestdo dos mesmos em regides contaminadas com Cd. A linhaca e o farelo de trigo,
usados como fonte de fibra alimentar para os ratos expostos ao Cd, reduziram a absorcdo aparente do calcio e
do fosforo e aumentaram a absorgao aparente de magnésio em comparagdo com a celulose, o que poderia ser
atribuido a umainteracéo do Cd com o fitato presente naguelas fontes de fibra. Os resultados deste trabalho
mostram que as MMs podem ser fonte de alguns minerais essenciais, além de reduzir a acumulagao rena de
ca&dmio, apds exposicdo a baixas doses deste metal. Também observou-se que diferentes fontes de fibra
podem interferir de forma diversa na retencdo de minerais toxicos como o Cd, devendo-se ter cuidado com
fontes ricas em fibras soliveis, como alinhaga, que podem aumentar a retencéo do metal.

Palavras-chave: fibra alimentar soltvel; fibra alimentar insoltvel; multimistura; farelo de cereais; linhaca;
minerais essenciais; cadmio.
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INFLUENCE OF FOOD RICH IN DIETARY FIBERSON CADMIUM AND
ESSENTIAL METALSAVAILABILITY
AUTHOR: MARIA DA GRACA KOLINSKI CALLEGARO
ADVISOR: TATIANA EMANUELLI
Date and Place of the Defense: Santa Maria, December 21, 2009.

Dietary fibers can interfere in the bioavailability of mineral elements both negatively and positively.
This has been the subject of several researches because there is a great interest in essential minerals;
also, some studies have been done regarding toxic elements such as cadmium (Cd). Environmental
contamination with Cd and its consequent interference in the food chain can cause serious problemsin
humans and animals affecting several organs in general, and this can become even worse when
exposure takes place during growth. Fiber-rich supplements are employed by people that have low
levels of fiber in the diet. On the other hand, multimixtures (MMs) are low-cost food supplements with
different compositions that are used to improve the nutritional conditions of children. These
supplements are normally rich in fibers and mineral elements. The objective of this study was to
evaluate the effect of MMs and other food products rich in dietary fibers on the absorption of mineral
elements and on Cd absorption, accumulation, and toxicity in growing rats. Three independent
experiments were conducted. In the first experiment, MMs, used as supplements at a 5% proportion in
diets, increased apparent absolute absorption of phosphorus, magnesium and manganese,
proportionaly to its level of dietary fiber, but did not interfere in calcium or copper absorption. This
suggests that these supplements can be a source of some minerals in the diet, and similar proportions
to those employed in this study did not diminish calcium and copper absorption. In the second
experiment, one MM, rich in fibers and essential minerals did not diminish either Cd accumulation or
toxicity when this metal was employed at 25 mg/kg in the diet, but MM diminished Cd accumulation
in the kidneys when it was employed at 5 mg/kg in the diet. This latter Cd level is similar to human
exposure in some contaminated areas, which suggests that MM may contribute to diminish Cd toxicity
in polluted areas. In the third experiment, when flaxseed and bran wheat were compared to purified
cellulose, it was observed that flaxseed, which has a higher proportion of soluble fiber, increased Cd
accumulation in the liver and kidneys of growing rats in comparison to the other two fiber sources,
which have basically insoluble fiber. These results indicate that foods with a higher proportion of
soluble fiber can increase Cd body retention, suggesting that one should be careful when ingesting
these foods in Cd contaminated areas. Flaxseed and bran wheat, used as sources of dietary fiber for
rats exposed do Cd, decreased apparent absorption of Ca and P and increased apparent absorption of
Mg in comparison to purified cellulose, which might be attributed to an interaction of Cd and phytate
present in these fiber sources. Results of the present study show that MMs can be source of some
essential mineral, besides reducing renal Cd accumulation, after exposure to low Cd doses. It was also
observed that different sources of fiber may differentially affect the retention of toxic metals like Cd,
and one should be careful when using foodstuffs rich in soluble fiber, like flaxseed, which can increase
Cd retention.

Keywords: insoluble dietary fiber, soluble dietary fiber, multimixtures, cereal bran, flaxseed, essentia
minerals, cadmium.
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1. INTRODUCAO

A fibra alimentar, constituida principalmente por carboidratos indigeriveis, € um dos
constituintes essenciais na dieta humana em face das suas funcdes no funcionamento
intestinal e na regulacéo da glicose e do colesterol sanguineos. Além disso, 0 consumo de
fibra ou de alimentos ricos em fibra tem sido associado com a prevencao de disturbios, como
a obesidade, e de doencas como céancer de colon (AACC, 2001; Eastwood e Kritchevsky,
2005).

A presenca da fibra na dieta pode interferir com a biodisponibilidade de outros
nutrientes, como os el ementos minerais. Embora tenha se considerado inicialmente o efeito
negativo das fibras sobre a biodisponibilidade de minerais, sabe-se hoje que diferentes tipos
de fibras podem ter efeitos distintos. De modo geral, considera-se que 0s constituintes
insolGveis da fibra, bem como substancias associadas, tém maior potencial paraligar minerais
e diminuir sua absorcdo e que os constituintes sollveis tém efeito mais varidvel, podendo
interferir mais positivamente. Além disso, alguns dos produtos ricos em fibra, como os farelos
de cereais contém também relevantes quantidades de elementos minerais, 0s quais sdo em
parte biodisponivels (Ruiz-Roso et a., 2001; Filisetti e Lobo, 2007).

Multimisturas (MMs) sdo suplementos aimentares formulados a base de produtos
alimenticios subutilizados na alimentacdo humana, usados amplamente no Brasil e também
em outros paises, com 0 objetivo de melhorar o estado nutricional de criangas. Existem
controvérsias quanto a eficiéncia das MMs como suplementos nutricionais, sendo que um dos
questionamentos é sobre sua interferéncia na biodisponibilidade de minerais (Ferreira et al.,
2005; Kaminski et ., 2006).

Sabe-se que a fibra alimentar também pode interferir negativa ou positivamente sobre
a biodisponibilidade de elementos minerais toxicos (Filisetti e Lobo, 2007). O cadmio (Cd) é
um dos metais toxicos com ampla distribuicdo, devido a sua ocorréncia natural, mas
principalmente em decorréncia do seu uso industrial e como contaminante de a guns insumos
agricolas (Satarug et al., 2003). Devido a sualonga meia-vida (até 26 anos no homem; WHO,
1992), o Cd pode se acumular no organismo de animais, entre os quais 0 homem, causando
danos ao figado, rins, 0ssos e pulmdes, entre outros orgaos (WHO, 1992; ATSDR, 2008). A
principal ac8o necess&ria em relacdo ao Cd é evitar a contaminagdo do ambiente com este
metal; no entanto, em regibes onde a contaminacd ambiental ainda € preocupante, o
conhecimento de condigdes que possam diminuir sua acumulacdo nos organismos Vvivos é de

grande importancia.
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Tendo em vista as controveérsias ainda existentes sobre o efeito das MMs e de outros
suplementos ricos em fibra sobre a biodisponibilidade de elementos minerais essenciais e da
importancia de elucidar a interferéncia destes produtos sobre absorcéo e toxicidade do Cd foi
proposto 0 presente trabalho, visando avaliar o efeito de suplementos dietéticos sobre a

absorcéo de minerais essenciais e sobre a absor¢do, acumulacéo e toxicidade do Cd.
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1.1. Objetivos

1.1.1. Objetivo geral
Avdliar o efeito de suplementos dietéticos com diferentes teores e qualidade de fibras
sobre a absor¢cdo de minerais essenciais e sobre a absor¢cdo, a acumulagdo e a
toxicidade do Cd..

1.1.2. Objetivos especificos

- Veificar a influéncia de multimisturas com diferentes teores de fibra adimentar sobre a

absorgéo de minerais essenciais em ratos;

- Avdiar o efeito da suplementagdo de uma dieta (nutricionalmente incompleta) com a

multimistura, sobre a acumulagéo e toxicidade do Cd em ratos;

- Comparar o efeito de fontes de fibra com diferentes proporcdes de fibra soltvel e insolUvel
sobre a absorcdo, acumulacdo e toxicidade do Cd e sobre a absor¢do de macromineras

essenciais em ratos.
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2. REVISAO DA LITERATURA

2.1. Fibra alimentar

A idéia sobre a importancia da ingestdo de alimentos ricos em fibra apareceu na
literatura muito antes do conhecimento da fibra como um dos constituintes dos alimentos. Ja
no século VI aC, Hipocrates observou que “ao corpo humano faz uma grande diferenca se o
pdo € feito de farinha de trigo fina ou grossa, com ou sem farelo” (AACC, 2001). Ao longo da
histéria, foram registradas outras observaces sobre a importancia dos alimentos fibrosos,
todavia a primeira determinagéo da fibra como uma fragdo dos aimentos data de 1850,
através do método da “fibra bruta’. Apesar de terem sido publicados alguns estudos
importantes sobre a determinacdo e também sobre as funcdes da fibra a partir de entdo, foi
somente a partir de 1950 que a comunidade cientifica voltou maior atencéo para esta fracdo da
dieta, no sentido de elucidar sua importancia para 0 organismo humano e também de
desenvolver metodologias mais adequadas para sua quantificacdo nos alimentos (Asp e
Johansson, 1984; Eastwood e Kritchevsky, 2005).

2.1.1. Definigéo

Existe uma grande variedade de definigbes de fibra, sendo que algumas delas sdo
baseadas somente em um ou mais métodos analiticos usados paraisolar fibra, enquanto outras
s80 bhaseadas em sua funcdo fisiologicaa A definicdo de fibra tem se modificado,
historicamente, com o desenvolvimento do conhecimento das funcdes desta fracdo e também
dos métodos analiticos para sua determinacdo (Asp e Johansson, 1984; AACC, 2001; Dreher,
2001, Eastwood e Kritchevsky, 2005).

Considera-se que o termo “fibra alimentar” foi usado pela primeira vez em 1953, por
Hipsley, para designar “constituintes ndo-digeriveis da parede celular vegetal”. Até entéo,
usava-se o termo “fibra bruta’ (determinada pelo método correspondente) ou simplesmente
“fibra”. Na década de 1970, baseada em observacbes sobre condi¢bes de salde de
popul acles, foi lancada a “ hipétese da fibra alimentar”, a qual relacionava o consumo de fibra
com a menor incidéncia de diversas doencgas (ver no item 2.1.3). Neste contexto, a definigéo
de fibra foi ampliada, passando a incluir todos os polissacaridios resistentes a digestdo (e ndo
somente os constituintes da parede celular), além de oligossacaridios resistentes a digestéo,
incluindo também outras substancias, como taninos e fitatos, as quais ocorrem associadas aos
congtituintes majoritérios da fibra. Foi também a partir da década de 1970 que houve um
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trabalho mais intensivo por parte de pesquisadores visando desenvolver metodologias
adequadas para quantificar os constituintes da fibra incluidos na definicdo entdo proposta.
Tais pesquisas levaram a0 desenvolvimento de novas metodologias, as quais foram
oficialmente recomendadas, a partir da década 1980, pela Associacdo Oficial de Quimicos
Analiticos (Association of Official Analytical Chemists - AOAC) e também pela Associacao
Americana de Quimicos de Cereais (American Association of Cereal Chemists - AACC)
(AACC, 2001; Dreher, 2001).

Apesar do grande desenvolvimento do conhecimento sobre a fragdo fibra alimentar,
tem havido ainda muita controvérsia sobre sua definicdo, funcdes e quantificacdo. Tendo em
vista estas controvérsias, em 1998, a AACC estabeleceu um comité cientifico objetivando
rever e, se necessario, atualizar, a definicdo de “fibra aimentar” (AACC, 2001). Apds uma
ampla discussdo a nivel mundial, envolvendo pesquisadores, membros da industria e publico
em gerd, o referido comité chegou, em 1999, a definicdo de fibra colocada a seguir, a qual
inclui os mesmos constituintes da definicdo anterior, delimitando-os mais claramente e
incluindo, ainda, o aspecto dafuncionalidade.

“Fibras alimentares consistem em congtituintes remanescentes de partes
comestiveis de plantas e carboidratos andlogos, os quais sdo resistentes a digestdo e
absorcdo no intestino delgado humano, podendo ser fermentados completa ou
parcialmente no intestino grosso. A fibra alimentar inclui polissacaridios,
oligossacaridios, lignina e substancias vegetais associadas. A fibra alimentar promove
efeitos fisiologicos benéficos incluindo efeitos laxativos e/ou reducdo do colesterol
sanguineo e/ou reducao da glicose sanguinea” (AACC, 2001).

Quanto a metodologia para quantificacéo da fibra, o comité acima citado considerou que
as metodol ogias recomendadas pela AACC e AOAC, correntemente usadas para determinar
fibra aimentar, continuavam sendo adequadas para a determinacéo de fibra na maior parte
dos aimentos, de acordo com a definicdo proposta nesta oportunidade. No entanto, foi
também indicada, pelo mesmo comité, a necessidade de desenvolvimento de metodologia
adiciona para a quantificacdo de fibra aimentar em alguns alimentos que contivessem
substéncias ndo determinadas pelos métodos correntemente usados (frutanas, dextrinas
modificadas e/ou substancias sintéticas andlogas a fibra) (AACC, 2001).

Considera-se importante chamar a atencdo para o fato de que ainda permanecem duvidas e
controvérsias sobre a definicdo de fibra alimentar (Dreher, 2001; Eastwood e Kritchevsky,

2005). No contexto desta tese, adota-se 0 conceito de fibra alimentar proposto pela AACC
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(2001), que também esta de acordo com a legislacdo brasileira (Brasil, 2003) e tem sido
encontrado amplamente na literatura.

No Brasil, a fibra alimentar € um dos 7 itens obrigatorios na informacéo nutriciona de
alimentos a serem comercializados embalados, constando da legislacdo pertinente conforme a
seguinte definicdo: “Fibra alimentar é qualquer material comestivel que néo sgja hidrolisado
pelas enzimas endégenas do trato digestivo humano”. Tendo em vista que esta mesma
legislacdo também recomenda método indicado pela AACC, considera-se que os constituintes

dafibra séo os mesmos (Brasil, 2003).

2.1.2. Congtituintes e classificacéo

Os constituintes da fibra sdo, na sua maior parte, substancias de origem vegetal,
predominantemente originados da parede celular e, em menor parte, alguns polissacaridios
extraidos de plantas ou sintetizados por microrganismos. Sendo assim, a fibra alimentar esta
presente na dieta humana através do consumo de uma grande variedade de alimentos de
origem vegetal (ex.. gréos, frutos, raizes), nos quais esta presente normalmente como
constituinte natural e/ou em alimentos em geral onde tenha sido adicionada €/ou na forma de
suplementos alimentares ricos em fibra.

As substancias incluidas como constituintes da fibra, conforme a definicdo da AACC
estdo listadas no Quadro 1. A composicao da fibra presente nos vegetais é bastante variavel,
na dependéncia de muitos fatores, podendo-se destacar que esta variacdo provém
principamente de diferencas: a) entre diferentes espécies vegetais; b) entre variedades, dentro
da mesma espécie vegetal; ¢) entre os diferentes 6rgaos ou tecidos vegetais, inclusive dentro
da mesma espécie; d) num mesmo 6rgdo ou tecido, na dependéncia da fase de
desenvolvimento e/ou maturidade do vegetal; €) ocasionadas por processamentos industriais
ou culinarios; f) ocasionadas por condi¢des de armazenamento (Buckeridge e Tiné, 2001;
Dreher, 2001).

Conforme a grande maioria dos autores, a fibra aimentar total (FAT) é classificada de
acordo com sua solubilidade em &gua, em duas fractes: fibra aimentar insoltvel (FAI) efibra
alimentar soluvel (FAS). A FAI consiste principalmente de constituintes da parede celular que
incluem a celulose, lignina e hemiceluloses e a sua ingestéo esta relacionada principal mente
com a diminui¢do do tempo de transito intestina e o aumento de volume do bolo fecal. A
FAS consiste de polissacaridios ndo-celuldsicos tais como pectinas, gomas e mucilagens e

polifrutoses, grande parte dos quais sofrem degradacéo/fermentacdo no intestino grosso e
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entre suas fungdes ja bem estabelecidas estdo o retardamento do esvaziamento géstrico e da
absorcdo da glicose e a reducdo dos niveis séricos de colesterol. (Dreher, 2001, Lajolo et al.,
2001; Filisetti e Lobo, 2007). O retardamento do esvaziamento gastrico parece se dar pelo
fato de que as fibras sollveis, aumentando a viscosidade do quimo estomacal, aumentam a
resisténcia do piloro a sua passagem, o que também contribui para o retardamento da digestéo
e conseguientemente da absor¢éo da glicose no intestino (Reyes e Areas, 2001). Entre os
mecanismos propostos para o efeito das fibras solUveis sobre o colesterol sérico os mais
aceitos sd0: 0 aumento da excregdo dos &cidos biliares através das fezes, com consequente
mobilizacdo de colesterol para sintese hepética dos mesmos e a redugdo da sintese enddgena
do proprio colesterol por substancias formadas a partir da fermentacdo das fibras,
principamente o propionato (Derivi e Mendez, 2001). A FAI é aprincipal fracéo de fibra da
grande maioria dos aimentos, sendo gque em muitos alimentos, é a Unica ou quase-Unica
fracéo (Dreher, 2001; Lgolo et a., 2001). Conforme Dreher (2001), cerca de 75% da fibra
presente nos alimentos se constitui em fibrainsolGvel.

Grupos Constituintes

Polissacar idios ndo-amilaceos e oligossacaridios  Celulose
resistentes a digestéo Hemiceluloses
Polifrutoses (inulinas e oligofrutanas)
Galactooligossacaridios
Gomas
Mucilagens
Pectinas

Carboidratos analogos ao primeiro grupo Dextrinasindigeriveis
Carboidratos sintetizados:. (ex.: polidextrose,
metilcelulose)
Amidos resistentes a digestéo

Lignina Lignina

Substancias associadas com os polissacaridiose  Fitatos
lignina formador es da fibra nas plantas Cutina

Saponinas

Taninos

Fonte: AACC (2001).

Quadro 1 - Constituintes da fibra alimentar

2.1.3. Efeitos biol 6gicos
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Entre os diferentes constituintes da dieta que sdo relacionados com prevencéo e
tratamento de doencas estdo as fibras alimentares. Na década de 1970, baseados em
observactes de que determinadas doencas de ata incidéncia em populacbes de regifes mais
industrializadas tinham incidéncia muito menor em comunidades mais primitivas e que estas
Ultimas consumiam dietas muito mais ricas em alimentos fibrosos, estudiosos lancaram a
chamada “hipétese da fibra aimentar”. Esta hipétese pressupunha que uma ingestéo de dietas
com ato teor de fibras estava diretamente relacionada com a menor incidéncia de
enfermidades comuns ao estilo de vida ocidental como a doenca intestinal crénica, o cancer
de colon, o diabetes e a doenca cardiaca coronoariana (Dreher, 2001, Eastwood e
Kritchevsky, 2005).

Ao considerarmos a relacdo da dieta com a sallde, é fundamental termos em mente que
as dietas compostas por alimentos ricos em fibra sdo diferentes em muitos aspectos, e néo
somente quanto ao seu conteldo de fibras, das dietas pobres em fibra. Neste sentido, sobre os
efeitos relacionados com as dietas ricas em fibra, as pesquisas tém procurado elucidar, quais
deles sdo devidos a fibra propriamente. Além disso, a fibra, como colocado acima, € uma
mescla de constituintes muito diversos. Estes constituintes tém propriedades fisico-quimicas e
efeitos fisiolégicos distintos como tém demonstrado as pesquisas ao longo das Ultimas
décadas. Atualmente ja esté claro o pape da fibra alimentar, ou de parte de seus constituintes,
na prevencao e/ou tratamento de al guns disturbios ou enfermidades como hipercol esterolemia,
diabetes e constipacdo intestinal. Com relacéo a prevencao/tratamento de outros distdrbios ou
enfermidades, como obesidade e aterosclerose a associagdo comprovada € aquela com dietas
ricas em aimentos fibrosos e ndo com fibra alimentar propriamente dita (LAJOLO et 4.,
2001; CHO e DREHER, 2001; Eastwood e Kritchevsky, 2005).

2.1.4. Recomendacéo nutricional

No Brasil, a recomendacdo de fibra estéd implicita na informacdo nutricional dos
rétulos de alimentos embalados. Conforme a legislagdo pertinente, para um valor de
referéncia de uma dieta diaria de 2000 kcal, a recomendacéo de fibra é de 25 g.

Numa das ultimas recomendacdes divulgadas, o valor sugerido para adultos foi de 15
gramas para cada 1000 kcal de dieta (Estados Unidos, 2005), o qual é um vaor bem préximo
darecomendacéo brasileira.

Para ratos, os animais mais utilizados em experimentacdo na é&rea de alimentos

visando aplicactes em humanos, a recomendacdo de fibra € similar a de humanos (Reeves et
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al., 1993). Esta recomendacdo, bem como a comparacéo entre as recomendagdes para ratos e

para seres humanos em relacdo a outros nutrientes constam do Anexo .

2.2. Minerais

Embora ndo exista uma definicdo universal de minerais, na area da ciéncia de
aimentos e nutricdo, o termo “Minera” é utilizado para referir-se a todos os elementos
presentes nos alimentos, com excegdo dos quatro principais el ementos da matéria organica (C,
H, O e N). Portanto, sdo designados como minerais os elementos essenciais e também os
elementos ndo-essenciais. Entre os minerais, a maioria pertence ao grupo dos metais, isto €,
possuem forte tendéncia a doar elétrons e, portanto, formar cétions. (Miller, 2000; Mahan &
Escott-Stump, 2002)

Conforme as quantidades diarias requeridas no organismo humano, os minerais
essenciais sdo classificados em dois grupos: & macronutrientes essenciais (Ca, P, S, K, Cl,
Na e Mg, necessarios em quantidades maiores do que 100 mg diarios); b- micronutrientes
essenciais (Fe, F, Zn, Cu, I, Cr, Co, Se, Mn e Mo, necessarios em alguns miligramas por diae
Si, V, Sn e Ni, necessarios em quantidades minimas e ainda ndo estimadas). O organismo
humano pode conter ainda muitos outros elementos, alguns com funcéo conhecida (embora
nao-essenciais) como o Li e outros sem fungdo conhecida, entre os quais 0s metais toxicos
como o Pb, o Hg e o Cd (Miller, 2000; Mahan & Escott-Stump, 2002).

A obtencdo dos elementos minerais essenciais, e também de muitos ndo-essenciais,
pelo organismo animal se da basicamente através da ingestéo oral, principa mente através dos
alimentos e, em alguns casos, também através da agua. A maioria dos minerais € absorvida no
intestino delgado, principamente no duodeno, mas existem agumas particularidades.
Segundo alguns estudos, 0 Cu e 0 Se sdo absorvidos parcialmente no estbmago (Filisetti e
Lobo, 2007). Os detrdlitos (Na, K e Cl) sdo permutados entre o lUmen intestinal e os tecidos
ao longo de todo intestino e a maior parte desta troca ocorre no célon (Mahan & Escott-
Stump, 2002; Filisetti e Lobo, 2007). Nos ultimos anos, varios estudos, a maioria em
roedores,vém mostrando a relevancia da absor¢do de outros minerais além dos el etrdlitos,
principamente Ca e Mg, no célon (Younes et a., 2001; Coudray et al., 2003; Filisetti e Lobo,
2007).

2.2.1. Fatores que interferem na biodisponibilidade de minerais
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Conforme Filisetti e Lobo (2007) ndo ha uma defini¢do universalmente aceita sobre
biodisponibilidade, porém a mais utilizada a define como “a quantidade de um nutriente, ou
outra substancia, que esta disponivel para sua absorcdo na forma em que ele é
fisiologicamente aproveitavel”.

A absorcdo é considerada a etapa mais critica na determinagdo da biodiponibilidade
dos elementos minerais e € influenciada por fatores intrinsecos e fatores extrinsecos. Os
fatores intrinsecos estdo relacionados com as mudancas fisioldgicas gque ocorrem no
organismo, como idade, sexo e gravidez e também com as condi¢des de salde/doenca. As
criangas, como 0s animais em crescimento de modo geral, absorvem umamaior quantidade de
minerais em proporcao ao seu peso corporal, em relacéo aos adultos (Mahan & Escott-Stump,
2002. Fatores extrinsecos estdo relacionados diretamente com a dieta do individuo. Entre os
fatores da dieta que podem influenciar mais positivamente na absorcéo dos minerais em geral
pode-se citar 0s é&cidos organicos (como o ascorbico e o citrico), os aclcares (como afrutose e
alactose) e a fibra alimentar soltvel. Por outro lado, entre os fatores que podem influenciar
mais negativamente estdo os oxalatos, os taninos, os fitatos e a fibra alimentar insolUvel.
Além disso, mudancas nas quantidades e propor¢des de carboidratos, proteinas e gorduras da
dieta também podem interferir na absor¢éo de minerais. Outro fator de grande importéncia na
absorcdo de um mineral especifico é a presenca de outros elementos minerais com os quais
pode competir por substancias ligantes e/ou por sitios de absor¢do. Sabe-se, por exemplo, que
um excesso de Ca pode diminuir a absor¢éo de minerais essenciais como Mg e também de
metais toxicos como o Cd (Ruiz-Roso et al., 2001; Mahan & Escott-Stump, 2002; Filisetti e
Lobo, 2007). Por outro lado, dietas pobres em calcio aumentam a absorcdo de metais como o
Cd (WHO, 1992; ATSDR, 2008).

2.2.2. Fibra aimentar e biodisponibilidade de minerais

A interferéncia da fibra alimentar sobre a absor¢céo de minerais vem sendo estudada ao
longo de vérias décadas, em animais e em seres humanos, sendo que a maioria dos estudos se
deu com minerais essenciais (Harland, 1989; Torre et al., 1991; Harland e Narula, 2001; Ruiz-
Roso et al., 2001; Filisetti e Lobo, 2007). Embora também se encontre na literatura estudos
sobre fibra e minerai s toxicos eles sdo bem mais raros.

Estudos in vitro tém demonstrado a afinidade de fibras ou de seus constitutintes por
minerais, sendo que, muitas vezes, estes estudos déo uma importante indicacdo do potencia
de ligagdo da fibra (Torre et al., 2001; Filisetti e Lobo, 2007). No entanto, considerando a
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dificuldade de reproduzir a complexa fisiologia animal, para a confirmacdo e/ou a
complementacdo dos resultados dos estudos in vitro sdo necessarios estudos in vivo em
animais e/ou humanos.

A idéa mais geral é que a fibra pode reduzir a biodisponibilidade de diversos
minerais, principalmente metais bivalentes, devido a reducdo da absor¢do intestina dos
mesmos. Foram propostos 0s seguintes mecanismos para a reducéo da absorcao intestinal de
minerais por acdo da fibra: a) diminuicdo do tempo de transito intestinal, 0 que provocaria
tanto uma diminuicdo da absorcéo dos minerais da dieta quanto daqueles de origem enddgena
resultantes das secrecOes normais e da descamacdo de membranas no meio gastrintestinal; b)
diluicéo do contelido intestinal e aumento do volume fecal; c) retencéo de ions nos poros da
estrutura gelatinosa de alguns tipos de fibra; d) ligacdo entre constituintes da fibra e minerais;
€) troca iénica (Ruiz-Roso et a., 2001). Cada tipo de fibra exerce sua influéncia sobre a
absorcéo dos minerais por um ou diversos destes mecanismos e sabe-se que os diferentes
minerais sdo afetados desigualmente (Torre et a., 1991; Ruiz-Roso et a., 2001; Filisetti e
Lobo, 2007). O quadro 2 apresenta quais fracdes da fibra alimentar ou substéancias associadas
afibratém sido associadas a cada tipo de mecanismo.

Mais recentemente, estudos em animais e em seres humanos tém demonstrado que
algumas fibras podem aumentar a absor¢céo de minerais. Grande parte destes estudos diz
respeito a fibras solGveis, as quais podem ser total ou parcialmente fermentadas no intestino
grosso, aumentando a absorcdo devido a acidificacdo do contetido luminal no intestino grosso.
O amido resistente a digestdo também € bastante fermentado no intestino grosso e pode
melhorar o aproveitamento de minerais da dieta (Ruiz-Roso et al., 2001; Coudray et a.,
2003). O aumento do contelido de fibra na dieta também pode aumentar a disponibilidade de
minerais para 0 organismo humano quando o produto rico em fibra adicionado a dieta
também é rico em elementos minerais (Ruiz-Roso et al., 2001; Coudray et al., 2003). Este € o
caso dos gréos de cereais, nos quais as estruturas mais ricas em fibra, os tegumentos externos
e 0 gérmen, sdo também as mais ricas em minerais (Hoseney, 1990; Callegaro e Tirapegui,
1996; Estados Unidos, 2009). Portanto, a adicéo de cereais integrais ou de seus farelos a dieta
aumenta concomitantemente os niveis de fibra e de alguns minerais, 0s quais sdo, em parte,
biodisponiveis (Shah et d., 1990; Lopez et d., 2000; Filisetti e Lobo, 2007). O quadro 2
apresenta exemplos de constituintes da fibra e de produtos ricos em fibra que tém sido

associados com o aumento da absor¢ao de minerais.
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M ecanismo

Fibraseseu efeito

1. Diminuicéo da absor¢ao

Diminui¢do do tempo de trénsito
intestinal,com conseqiiente diminuicéo
da absor¢do dos mineraisdadietae
dagueles de origem enddgena

Todas asfibras;

Aceleracdo do trénsito intestinal e, consequentemente,
diminuicdo do tempo de contato dos minerais com 0s
respectivos sitios de absorcao.

Diluic&o do contetido intestinal

Principalmente as fibras solGveis;

Retardamento e possivel diminuicgo da absorgéo.

Retencdo de ions nos poros da estrutura
gelatinosa de alguns tipos de fibra

Fibras solGveis como pectinas e algumas hemiceluloses.

Ligac&o quimica entre constituintes da
fibrae metais

Fibras que possuem grupos ionizaveis;

Algumas hemiceluloses e pectinas formam quelatos fortes
através de seus grupos carboxilicos.

Trocaionica— liberagdo de proton H* e
captacdo de metal

Ligninas.

Efeitos de substancias associadas afibra
alimentar

Fitatos: presentes nas estruturas fibrosas de sementes em
gerad — possuem grupos fosfatos, os quais ligam ions
metdlicos;

Oxalatos- formagdo de complexos fibra-metal-oxalato,
mais dificil de romper do que os complexos oxalato-
mineral ou fibra-mineral;

Substéncias polifendlicas, como taninos.

2. Aumento da absor ¢do

Fermentac&o de carboidratos indigeridos
e consequente producédo de acidos
organicos como lactato e &cidos graxos
de cadeia curta (AGCC) e acidificacdo
do contetido luminal no intestino grosso

Fibras soliveis como as frutanas (inulinas) e beta
glucanas, oligossacaridios indigeriveis como os galacto e
frutooligossacaridios; amido resistente a digestao;

A acidificagdo do meio aumenta a solubilidade dos
minerais tornando-os mais passiveis de absor¢ao;

Hipertrofia do ceco aumentando a superficie absortiva e o
fluxo sanguineo na &reg;

Troca ibnica nos AGCC e conseqlente absorcdo de
minerais junto com 0S Mesmos.

Produtos concomitantemente ricos em
fibra e em e ementos minerais

Sementes em geral, principalmente cereaisintegraise
farelos de cereais.

Fonte: TORRE et al., 1991; Ruiz-Roso et al., 2001; Coudray et al, 2003; Filisetti e Lobo, 2007.
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Quadro 2 - Mecanismos propostos para influéncia da fibra ou de produtos ricos em

fibra na absor cdo de minerais
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A partir de um grande nimero de estudos presentes na literatura, infere-se que o0s
efeitos reais da fibra sobre a biodisponibilidade dos minerais dependem de diversos fatores.
Um dos principais fatores € a quantidade, sendo que uma determinada proporcéo de fibra €
essencia para o bom funcionamento do intestino e de outras fungbes organicas, como ja foi
citado, mas 0 seu excesso pode acelerar demais o transito intestinal, prejudicando a absor¢éo
ndo somente dos minerais, mas de varios nutrientes (Ruiz-Roso et al., 2001; Filisetti e Lobo,
2007). Por outro lado, estudos tém demonstrado que associacdo de diferentes tipos de fibra
pode resultar em efeitos importantes. Younes et a. (2001) observaram, em ratos, que a
associacdo de inulina e amido resistente provocaram um maior aumento da absorcéo de Ca e
Mg do que o uso de cada um deles isoladamente. Lopez et a. (2000), também em ratos,
demonstraram que a associagcdo de farelo de cereals com amido resistente aumentou a
biodisponibilidade de minerais da dieta.

Entre as substancias associadas a fibra, os fitatos tém sido os mais estudados. Tendo
em vista que podem apresentar até 6 grupos negativamente carregados, estas substancias tém
grande afinidade pelos metais (Reddy et al., 1989). Os penta e hexafosfatos sdo considerados
responsaveis por grande parte da afinidade da fibra de gréos de cereais e leguminosas por
minerais e os fitatos com menor nimero de grupos fosfatos parecem ter pouca ou nenhuma
acdo. Tem-se observado que a agéo da fitase, intrinseca do aimento ou adicionada, diminui a
ligacéo fitato-minerais (Plaami, 1997).

A concentracdo concomitante dos diversos elementos minerais na dieta, além de ser
importante pela competicdo entre os mesmos pel os sitios de absor¢do no trato gastrintestinal,
também é importante em relacdo a interferéncia da fibra na biodisponibilidade dos minerais.
Esta importancia decorre do fato dos minerais competirem também pelos sitios de ligagdo da
fibra (Ruiz-Roso et al., 2001; Filisetti e Lobo, 2007).

Outro aspecto de grande relevancia quanto a influéncia da fibra na biodiponibilidade
dos minerais € a adaptacdo. Este fato foi evidenciado iniciamente através de estudos em
individuos vegetarianos, 0s quais, apesar de ato consumo de aimentos fibrosos néo
apresentaram, em grande parte dos estudos, sinais de deficiéncia de minerais. Posteriormente,
foi observado, tanto em animais quanto humanos, que a diminuicdo da absorcdo de minerais
subsequiente a adicéo de fibras (ou mais fibras) a dieta, pode ser revertida com a manutencao
desta fibra por um periodo mais prolongado de tempo (Cho et a., 2001; Filisetti e Lobo,
2007). Com relacdo ao farelo de trigo, possivelmente o produto mais utilizado como
suplemento alimentar de fibra na alimentacdo humana, o grande nimero de estudos existentes

na literatura apresenta também uma grande diversidade de resultados quanto ao seu efeito
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sobre a biodisponibilidade de minerais (efeito negativo, nulo ou positivo). Numa reviséo
sobre o assunto, Cho et a. (2001) concluiram que, enquanto os estudos a curto prazo
apresentam amaior diversidade de resultados, a maior parte dos estudos a longo prazo indica
um efeito positivo do farelo de trigo sobre a biodisponibilidade de minerais.

E interessante observar que, apesar do grande nimero de estudos sobre “fibra
alimentar e biodisponibilidade de minerais’, ainda ha controvérsias em relacéo a produtos ja
amplamente estudados, como o farelo de trigo, e ainda mais sobre produtos mais complexos
como as multimisturas. Sobre outros produtos como a linhaca 0 conhecimento nesta area é
quase inexistente. Portanto, este € um tema de interesse relevante. O interesse em relacdo aos
minerais essenciais é ampliar o conhecimento sobre quantidades e formas de uso que possam
melhorar a sua biodisponiblidade. Por outro lado, em relacéo aos €lementos minerais toxicos,
busca-se conhecer 0 quanto os produtos ricos em fibra podem ou ndo gjudar a diminuir sua
biodisponibilidade em situagdes em gue a sua presenca na cadeia alimentar ainda ndo foi
evitada.

2.3. Multimisturas

As multimisturas (MM) sd0 suplementos alimentares compostos por alimentos e
subprodutos da producéo de alimentos normalmente subutilizados na alimentagcdo humana,
tais como farelos de cereais (trigo e arroz), pé de folhas escuras, pd de sementes e pod de casca
de ovo, podendo incluir também constituintes como farinhas amilaceas, acUcar, entre outros.
As MM vém sendo sistematicamente usadas como suplementos alimentares, difundidos no
Brasil através do trabalho da Pastoral da Crianca (Conferéncia Nacional dos Bispos do Brasil
- CNBB), como uma estratégia no combate a desnutricdo (Callegaro et al., 2004; Kaminski et
al, 2008). Uma das controvérsias quanto ao uso das MM é justamente pelo fato de seus
constituintes majoritérios serem normalmente os farelos de cereais, com ato teor de fibra e
também de fitatos. Tendo em vista que as fibras dos cereais estdo entre aguelas que mais
ligam minerais (Harrington et al., 2001, Filisetti e Lobo, 2007), uma das preocupacoes
quanto a eficacia das MM € justamente a sua influéncia sobre o balango mineral (Amaya-
Farfan, 1998; Bittencourt, 1998). A legislacdo brasileira atual em relacdo a MMs estabelece
apenas parametros de controle de qualidade em relagdo a sua conservagcdo, mas ndo em
relacdo a sua composi¢cao em nutrientes (Brasil, 2005).

2.3.1. Multimisturas e minerais
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Comparando-se as MMs com os alimentos em geral, observa-se uma alta concentracéo
de diversos minerais nas mesmas (Madruga e Camara, 2000; Vizeu et a., 2005; Kaminski et
a., 2006). No entanto, Vizeu et a. (2005) e Kaminski et a. (2006) chamam a atencdo para o
fato de que as MM avaliadas em seus estudos n&o podem ser consideradas suplementos de
minerais pelo fato de que, nas quantidades normalmente utilizadas, exceto com relagdo ao
manganés, nao chegam a contribuir com a quantidade de minerais que as qualifique como tal.
Barbosa et al. (2006) fizeram observacOes semel hantes, no entanto consideraram que algumas
das MM de seu estudo poderiam ser consideradas suplementos de magnésio, aém do
manganés. E importante observar que as MMs avaliadas nestes estudos ou ndo continham
casca de ovos ou continham em quantidades muito reduzidas. Possivelmente as MMs com
quantidade significativa de casca de ovos possam ser qualificadas como fonte de célcio pelo
fato de apresentarem ata concentracéo deste mineral (Schaafsma e Beelen, 1999).

Quanto a biodisponibilidade de minerais das MMs, ainda sdo poucos os estudos na
literatura, sendo que a maioria deles foi conduzido em ratos. Ratos subnutridos que passaram
a receber suplementacdo de MM (composta de farelos, folhas verdes e casca-de-ovos)
apresentaram maior ganho de peso e maior contelido de calcio e fosforo ésseo do que o grupo
controle que recebeu a mesma dieta sem esta suplementacéo (Siqueira et a., 2001; Souza et
al., 2002). Santos et al. (2004) observaram, em ratos previamente desnutridos que receberam
dieta suplementada com MM (composta de farelos, farinhas, sementes e casca-de-ovos), um
aumento dos niveis sanguineos de Ca e Mg mas ndo nos niveis de P, em relacdo aos animais
gue ndo receberam a suplementacéo. Ferreira et a. (2005) fornecendo uma MM (composta de
farelos, folhas verdes e casca-de-ovos) para ratos com dieta deficiente em minerais (20% das
recomendacdes apenas), observaram que a suplementacdo preveniu parcialmente o déficit de
crescimento observado no grupo de ratos sem suplementacdo de MM. Estes resultados
indicam que pelo menos parte do calcio e do fosforo de uma MM rica em farelo e casca de
ovos pode ser biodisponivel. Apesar da grande diversidade das MMs utilizadas, cada um

destes estudos avaliou apenas um tipo de formulagéo destes suplementos.

2.4. Cadmio
2.4.1. |dentificagéo e ocorréncia

O cadmio (Cd) € um elemento natural naface terrestre, na qual ocorre em concentragoes
entre 0,1 e 0,5 ppm e esta normamente associado com minas de zinco, chumbo e cobre. E

encontrado normalmente combinado com outros elementos como oxigénio (0xido de cadmio),
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cloro (cloreto de cadmio) ou enxofre (sulfato de cadmio, sulfito de cadmio). Todos os solos e
rochas, incluindo carvéo e fertilizantes minerais, contém Cd em alguma quantidade (ATSDR,
2008). Na dgua marinha o Cd pode estar presente em concentraces que variam desde <0,5
até 100 ng/l, sendo que entre as maiores concentracOes estdo aquelas encontradas na costa
litornea. A concentracdo nas aguas terrestres naturais € normalmente menor que 1 pg/l. A
acao do homem tem provocado a elevacdo do Cd no ambiente, sendo que as principais fontes
s80 a mineracdo e o refinamento de zinco, chumbo e cobre, a fabricagdo e aplicacdo de
fertilizantes a base de fosfato, 0 uso de combustiveis fossels e 0 descarte e incineracéo de
residuos de materiais que contém Cd. O Cd originado das referidas fontes esté presente no ar,
no solo e nadgua (WHO, 1992; Satarug et al., 2003; ATSDR, 2008).

Quando presente no ar o Cd (como 6xido, cloreto e sulfato) se encontra na forma de
particulas ou de vapor, resultantes de processos que envolvem o uso de temperaturas
elevadas; nestas formas o Cd pode ser transportado na atmosfera, em longas distancias, até se
depositar no solo e nas aguas. O Cd presente no solo pode ter mobilidade, na dependéncia de
alguns fatores, mas considera-se que a maior parte se liga fortemente a matéria organica
ficando assim imével até a incorporacdo nas plantas em crescimento. Na &gua, o Cd existe
como ion hidratado ou como complexo iénico com outras substancias inorganicas e organicas,
sendo que as formas sollveis migram na agua e as formas insolGvels se depositam e se ligam
aos sedimentos (Satarug et al., 2003; ATSDR, 2008).

No Brasil, o Cd tem sido encontrado em niveis preocupantes em algumas regifes, como
em aguas pluviais no Estado de Minas Gerais (Ambiente Brasil Centro de Estudos, 2006).
Em S&o Paulo, em regido proxima a usina de reciclagem de chumbo foram encontrados niveis
elevados na atmosfera, nas &guas e no solo (Borges et a. 2004) e no Estado do Parana foram
encontrados niveis acima do permitido em peixes de agua doce (Marengoni et al., 2008).

Do ar, do solo e da agua o Cd é incorporado pelos reinos vegetal e animal, entrando na
cadeia alimentar. O Cd do solo é incorporado pelas plantas em maiores proporcdes em relacéo
a outros metais toxicos como o chumbo e o mercurio. Pelo fato das plantas tolerarem altos
teores de Cd, elas podem se tornar fonte significativa desse metal para o reino animal, quando
se desenvolvem em locais contaminados (Satarug et al., 2003). Algumas espécies vegetais se
caracterizam por acumular mais Cd, entre elas o trigo do tipo “durum”, o girassol e alinhaca
(Grant et d., 2008).

2.4.2. Formas de exposi¢céo
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Os animais em geral sdo expostos ao Cd principamente através da alimentagéo e da
agua, enquanto a maior exposi¢ao do homem se da através da fumaga do cigarro. No entanto,
entre humanos nédo-fumantes e nao-ocupacionalmente expostos, a ingestéo de aimentos
contaminados com Cd € a maior fonte de exposi¢cdo ao metal (Cardoso & Chasin, 2001).

Os animais aguaticos séo fonte importante de exposicdo humana ao Cd, quando
provenientes de areas contaminadas (Satarug et al., 2003). Ainda que diversos tipos de
alimentos possam apresentar contaminac&o por Cd, no Brasil, a legislagdo de contaminantes
inorganicos em alimentos estabelece limite maximo para Cd apenas em peixes e produtos da
pesca (1,0 mg/kg, Portaria 685 de 27 de agosto de 1998, SVS-MS).

Na é&gua, o Cd esté principalmente na forma de ions livres; nos aimentos o Cd esta
presente geralmente na forma de complexo com uma variedade de substancias incluindo
proteinas como as metalotioneinas (Groten et al. 1990; ATSDR, 2008).

A forma do Cd e a via de exposicdo podem influenciar grandemente a absorcdo e a
distribuicdo do Cd aos tecidos-alvo (WHO, 1992; ARSDR, 2008).

2.4.3. Absorcao por viaora

A absor¢do gastrintestinal do Cd parece ser um processo saturavel, tendo em vista que
a absorcdo relativa (% do total ingerido) decresce com 0 aumento das concentracdes; no
entanto, quando as doses séo atas a ponto de causar danos na mucosa gastrintestinal a
absorcéo relativa aumenta (ATSDR, 2008). Por outro lado, Groten et a. (1991) observaram
uma menor absorcdo do Cd ligado a metalotioneina em comparacdo com o cloreto de Cd,
mas o contelido renal de Cd foi apenas levemente menor nos animais expostos ao Cd ligado a
metal otioneina. De modo geral, a absor¢do do Cd dos alimentos parece ser semelhante para a
formaiobnica e parao Cd ligado a proteinas (ATSDR, 2008).

Para cada individuo, a absorcdo de determinada dose oral de Cd depende do estado
fisiologico (idade, estado nutricional em relacdo ao ferro, célcio e zinco, historico obstétrico,
entre outros) e também da presenca e concentracfes de constituintes da dieta como minerais,
proteinas e fibras. Em humanos a absor¢do gastrintestinal pode chegar até 37% em criangas,
enquanto nos adultos €, em média, 5% (Crews et a., 2000). Animais jovens também
absorvem mais Cd do que os adultos (ATSDR, 2008). Foi observado em animais que, em
deficiéncia de Ca e/ou Fe e/ou Zn, a absor¢éo do Cd é maior. Embora a deficiéncia de Zn por
s s pareca ndo aumentar a absor¢do, ela pode potencializar o efeito da deficiéncia de Fe e/ou

Ca (Reeves e Chaney, 2008). Por outro lado, uma ingestéo adequada ou aumentada de Ca e de
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Fe protege contra a absorcdo de Cd (Brzéska e Moniuszko-Jakoniuk, 1998). Dietas
deficientes em proteinas aumentam a absorcéo do Cd (Omori e Muto, 1977; WHO, 1992).

2.4.3.1. Fibraaimentar e absorc¢éo de Cd

Estudosin vitro tém demonstrado que as fibras alimentares podem ligar Cd (Persson et
al, 1991; Ou et a., 1999; Borycka e Stachowiak, 2008). No entanto, estudos in vivo relativo
ao efeito de fibras sobre a acumulacéo de Cd, realizados a maioria em roedores, tém mostrado
resultados diversos na dependéncia do tipo de fibra aimentar utilizado. Kiyozumi et al.
(1982) compararam o efeito de lignina, celulose e carboximetilcelulose (uma forma soltvel
da celulose) em ratos, encontrando uma reducdo da retencdo tecidual de Cd (renal e
hepética, inclusive) pela lignina e carboximetilcelulose e nenhum efeito por parte da
celulose. Rose e Quarterman (1987) observaram, também em ratos, que alginatos, pectinas,
agar e carragenas, que sao fibras solGveis, aumentaram a retencéo tecidual de Cd, em relacéo
a dieta sem adicdo de fibra, enquanto a celulose provocou efeito oposto. Estudos, conduzidos
em roedores, avaliando o efeito do gréo integral de trigo ou do farelo de trigo sobre a
absorcdo de baixas concentracbes de Cd dietético mostraram um efeito de reducdo da
absorcéo e/ou da retencdo tecidual de Cd na presenca dos mesmos, em comparacéo com
dietas contendo somente o endosperma do trigo, que é uma fracéo pobre em fibras (Moberg et
al., 1987; Wing, 1993; Chan et a., 2000). Lind et a. (1998) também encontraram uma menor
retencéo tecidual do Cd em camundongos, na presenca de fibra naforma de farelo de trigo em
comparacdo com as mesmas dietas contendo fibra de beterraba e de cenoura. Estes estudos
usaram dietas nutricional mente completas. Ja o estudo que comparou acumulacéo de Cd em
ratos em diferentes condigdes nutricionais em relagdo ao ferro demonstrou que o farelo de
trigo reduz a acumulacdo de Cd, quando comparado ao endosperma de trigo, nos ratos com
bom estado nutricional em relagdo ao ferro, mas ndo nos ratos com desnutricdo em relacéo a
este elemento (Wing et al., 1992).

2.4.4. Distribuicdo, metabolismo e excregéo

O Cd absorvido é distribuido através do organismo animal atingindo as maiores
concentracbes no figado e rins. Pelo que se sabe, 0 Cd ndo sofre qualquer conversao
metabdlica direta, sendo inerte a reagcdes de éxido-reducdo, quando comparado a metais como

ferro e cobre. A forma iénica (Cd®*) se liga a grupos anionicos, especialmente grupos

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

32

sulfidrilicos de proteinas, tais como metalotioneinas (MTs) e abumina, e também de outras
mol éculas como glutationa (ATSDR, 2008; Klaassen et a, 2009). O Cd permanece por longo
tempo no organismo animal, sendo que a meia-vida do metal pode ser de até 26 anos no
homem e de alguns meses até diversos anos em animais experimentais como camundongos e
ratos (WHO, 1992; ATSDR, 2008).

No plasma, o Cd circula principa mente ligado as proteinas albumina e MTs. Embora,
nos tecidos em geral, o Cd possa se ligar a outras proteinas ricas em grupos sulfidrilicos, séo
as MTs que exercem um papel-chave na cinética e toxidade do Cd no organismo (ATSDR,
2008; Klaassen et a., 2009). As MTs sdo um grupo de proteinas de baixo peso molecular,
ricas em cisteina, que podem ligar metais (essenciais ou ndo) através de seus grupos
sulfidrilicos. Embora tenham pouca influéncia sobre a absorcdo do Cd, as MTs tém
importante papel sobre a retencdo do metal nos tecidos. No figado, o Cd induz a sintese de
MTs formando o complexo Cd-MTs. Este complexo, além de manter parte do Cd acumulado
no figado, diminuindo a excregdo biliar do metal, é também, em grande parte, liberado na
circulacdo sanguinea sendo, entdo, excretado pela urina e também captado pelos tecidos,
principalmente pelos rins (Klaassen, 1999). Nosrins, aMT € degradada nos lisossomos; o Cd
livre é liberado e estimula a sintese de novo da MT mantendo o Cd na forma de complexo.
Quando a concentragcdo de Cd se eleva demasiadamente no rim, parte do metal permanece
livre, causando danos ao 6rgdo. Considera-se que o complexo Cd-MT sgja responsavel pela
longa permanéncia do Cd no organismo. No entanto, considera-se que as MTs exercem uma
funcdo protetora em relacdo a toxicidade do Cd, tendo em vista que o Cd ligado a MT é
bastante inerte, ndo apresentando os efeitos toxicos da forma idnica livre do metal (ATSDR,
2008; Klaassen et al., 2009).

O Cd recentemente ingerido é excretado em grande parte pelas fezes, tendo em vista
gue uma fracéo peguena do Cd presente no trato gastrintestinal é absorvida. Apos a absor¢ao,
quando o Cd esta distribuido no organismo (principamente no figado e rins), as quantidades
de Cd fecal e urinario sdo aproximadamente iguais. O Cd excretado pelas fezes apls a
absorcéo representa aquele secretado no meio gastrintestinal, originado do sangue via parede
intestinal e do figado via bile. A excrecéo urindria depende das concentragdes do metal no
sangue e nos rins. De acordo com resultados de diferentes estudos, a excrecéo urinaria do
metal absorvido é inicialmente menor do que a excrecdo fecal, igualando-se ap6s um certo
tempo ( ATSDR, 2008). Conforme Klaassen et a. (1999) pelo menos uma parte do Cd

excretado pela urina pode estar naforma do complexo Cd-MT.
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2.4.5. Toxicidade

Os efeitos toxicos do Cd no organismo animal se d&o por exposicao aguda ou crénica
e atingem muitos 6rgdos e tecidos, como rins, figado, pulmdes, testiculos, cérebro, 0ssos e
sangue. Quando a exposi¢do aguda acontece pelainalacdo de altos teores de vapores de Cd, 0
principal érgéo afetado € o pulmé&o, sendo que 0s sintomas variam com a concentragdo dos
vapores toxicos e o0 tempo de exposi¢cdo, desde uma leve irritagdo, passando por diversos tipos
e graus de sintomas, podendo chegar a letalidade. A ingestdo de alimentos ou agua com alta
concentragdo de Cd irrita gravemente o trato gastrintestinal, levando a vomitos e diarréia.
ExposicOes prolongadas a quantidades menores de Cd através do ar, alimentos ou agua
ocasionam principal mente acumulo de Cd renal e, consequentemente, disfungdes neste 6rgéo,
além de outros danos, como doenca pulmonar e fragilidade 6ssea (WHO, 1992; ATSDR,
2008). A fragilizacdo Ossea aumenta do risco de fraturas, especialmente em individuos com
fatores de risco como dietas nutricionalmente inadequadas (Aoshima et a, 2003; ATSDR,
2008). Este problema foi denominado “doenca de Itai-Itai” em mulheres japonesas expostas a
altos teores de Cd através da ingestdo de arroz e de &gua e foi reproduzido experimentalmente
em animais expostos ao Cd (Wang et a., 1994; Whelton et a., 1997).

Embora tenha sido observado que o Cd ligado a metal otioneina também causa algum
dano renal (ATSDR, 2008), os efeitos téxicos do Cd no organismo sdo atribuidos quase
invariavelmente a sua forma idnica livre (ATSDR, 2008; Klaassen et al., 2009). A base da
toxicidade do Cd é sua influéncia negativa no sistema enzimético das células, por substituir
outros metais, como Zn** e Cu** em metaloenzimas e sua forte afinidade por estruturas
biologicas contendo grupos —SH (Stohs e Bagchi, 1995). As enzimas sulfidrilicas,
especialmente a &cido d-aminolevulinico desidratase (ALA-D), sdo sensiveis a inibicéo por
Cd (Peixoto et a, 2004; Santos et a, 2005). Além disto, estudos tém demonstrado que o Cd
aumenta a peroxidacdo lipidica em diversos tecidos (Chater et a., 2008, ATSDR, 2008).

O figado tem sido bastante estudado em ensaios de intoxicacdo aguda e subcrénica
com animais pelo fato de que, nos periodos iniciais de exposicao, este érgdo acumula grande
quantidade de Cd (WHO, 1992; Groten et a., 1994; Lind et al., 1998; ATSDR, 2008; Borges,
2008). Diversos parametros sao utilizados para avaliar o dano hepatico induzido pelo Cd em
animais de experimentacdo, entre eles o peso relativo do 6rgao (Hwang, 2001; Asagba e Obi,
2005), atividades de enzimas no tecido hepético (Jurczuk et a., 2004, Borges, 2008) e a
atividade das enzimas transaminases no plasma (Santos et al., 2005; Haouem et al., 2007;
Hispard et al, 2008).
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Na intoxicacdo crénica o rim é o 6rgéo mais afetado pelo Cd, sendo o que acumula as
maiores concentracdes do metal, podendo ser, inclusive, utilizado, em animais, para estimar a
absorcéo intestinal (WHO, 1992; ATSDR, 2008). De acordo com grande nimero de estudos,
guando a concentracdo de Cd no rim atinge entre 50 e 300 pg/g tecido, a quantidade de Cd
livre (ndo ligado a MT) torna-se suficiente para lesar os tubulos renais ocasionando
proteindria, glicoslria, aminoaciduria e polidria, em humanos e em diversas espécies de
animais de laboratério (ATSDR, 2008). Em estagios mais iniciais da intoxicacdo, entre os
par@metros mais utilizados para avaliar danos renais em animais de experimentacdo estdo as
atividades de enzimas na urina (lactato desidrogenase, alcalino fosfatase, entre outras,
ATSDR, 2008). Também sdo utilizadas medidas de atividades enziméticas, inclusive da
ALA-D (Nogueira et a., 2003; Peixoto et al., 2004; Santos et a., 2005) e medidas de dano
oxidativo (Jurczuk et al., 2004; Santos et al., 2005; Chater et a., 2008), no tecido renal.
Outros paréametros bioquimicos também tém sido usados para avaliar o dano renal induzido
pelo Cd, entre eles a creatinina plasmatica (EI-Demerdash et a, 2004, Santos et al., 2005).
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3. RESULTADOS

Os resultados que fazem parte desta tese estéo apresentados sob a forma de um artigo
e dois manuscritos, 0s quais se encontram aqui organizados. Os itens Material e Métodos,
Resultados, Discussdo dos Resultados e Referéncias Bibliogréficas encontram-se nos préprios
artigos e manuscritos. A apresentacdo do artigo esta baseada na versdo final aceita para
publicacdo (Artigo 1) e os manuscritos encontram-se na versdo preparada para submisséo
(Manuscritos1 e 2).

Os itens, DISCUSSAO E CONCLUSOES desta tese representam interpretacdes e
comentérios gerais sobre o artigo e os manuscritos cientificos contidos neste trabalho. O item
REFERENCIAS BIBLIOGRAFICAS contém somente as citaches que aparecem nos itens
INTRODUCAO, REVISAO BIBLIOGRAFICA e DISCUSSAO.

Os manuscritos e artigo seréo apresentados, a seguir, na seguinte ordem:

3.1. Manuscrito 1. Effect of multimixtures with different dietary fiber levels on the
absor ption of mineralsin rats

Artigo em fase final de revisdo pel os autores para ser submetido a Revista Nutrition Research.

3.2. Artigo 1. Influence of cereal bran supplement on cadmium effectsin growing rats

Artigo aceito para publicacdo na Revista Human and Experimental Toxicology.

3.3. Manuscrito 2. Effect of wheat bran and flaxseed on cadmium effects and retention
inrats
Artigo em fase final de revisdo pelos autores para ser submetido a Revista Human and

Experimental Toxicology.
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Manuscrito 1

Effect of multimixtureswith different dietary fiber levels on the absor ption of minerals

inrats
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Running title: Multimixtures and mineral absorption
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ABSTRACT : Multimixtures (MMs) are dietary supplements prepared with low-cost
ingredients and food by-products that are widely used in Brazil and aso in other countries to
counteract malnutrition. The objective of this study was to evaluate the effect of dietary
supplementation with MM containing increasing levels of dietary fiber on the apparent
absorption of Ca, P, Mg, Mn, and Cu in growing rats. Animals recelved basic diet (BD,
representative of a nutritionally deficient population diet) alone or supplemented with low
(MM1), intermediate (MM2), or high fiber level (MM3) MMs. Relative apparent Ca
absorption was slightly decreased by MM 3 addition, with no change in the absolute apparent
absorption. The absolute apparent absorption of P and Mg was increased by MM2 and MM3
addition, while Mn absorption was increased only by MM3. Cu apparent absorption was not
affected by MM supplementation. The increased apparent absorption of minerals was always
related to the increase in the mineral dietary concentration triggered by MM. Thus we
conclude that the dietary fiber level of MM affects the apparent absorption of minerals and
that MM with intermediate and high fiber level may be a strategy to improve the nutritional

value of poor diets.

Keywords:. dietary fiber, calcium, phosphorus, magnesium, manganese, copper
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1. Introduction

The access to an adequate diet is still far from being reached by most inhabitants in
severa countries, among which Brazil, and this is a challenge for society in genera. In
addition, to optimize the use of food by-products normally thrown away is aso a chalenge
for society and researchers. Within this context, multimixture was created to counteract
malnutrition. This is a dietary supplement prepared with low-cost ingredients and food by-
products that include cereal bran, green leaves powder, various kinds of seeds, and eggshell
powder, among others, according to the local availability (Madruga and Camara, 2000; Souza
et al, 2002; Kaminski et a., 2006). The use of multimixture has been stimulated mainly by the
Child Pastoral Organization (Pastoral da Crianga - CNBB), a non-government organization
that is active in various countries, including Brazil. Among other actions, Child Pastoral
Organization stimulates dietary enrichment with this supplement, principally geared towards
children (Madruga and Camara, 2000; Souza et a 2002; Siqueira et a, 2003). Besides
stimulating a better employment of local low-cost food by-products, MMs present other

advantages, such asthe fact of being used as an additional element to the everyday diet.

Even though MMs contain a high concentration of proteins, B vitamins, and minerals,
among other nutrients (Madruga and Camara, 2000; Souza et a., 2002), their use have been
contested by nutrition professionals in Brazil. One of the controversies regarding the use of
MMs is the scanty information concerning the bioavailability of their nutrients and MMs
effect on the bioavailability of nutrients from other foods, especially minerals (Souza et d.,

2002).

The main ingredients of MM are different kinds of cereal bran that may reach a
concentration of 70% or more (Souza et a 2002; Siqueira et al, 2003). Cerea bran contains
high levels of minerals, but it aso contains a high amount of dietary fiber and phytates, which

bind minerals, and may impair their absorption (O'Dell et a., 1972; Plaami, 1997; Souza et
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a., 2002). Although some in vitro and in vivo studies showed that cereal bran can bind
essential minerals (Idouraine et al, 1996; Harrington et a., 2001), other studies did not find
adverse effects of cereal bran on minera absorption and utilization (Sandberg et al., 1982;
Shah et a., 1990). Other MM ingredients, which have a high concentration of minerals are
green leaves, which have a high level of Mg and Fe (Madruga and Camara, 2000; Souza et a

2002).

MMs were found to contain a high concentration of several minerals (Madruga and
Camara, 2000; Vizeu et a., 2005; Kaminski et a., 2006). However, some authors postul ate
that the contribution of MM for the dietary minerals would be insignificant due to the low
amount of MM that is generally employed, with the possible exception of Mn and Mg
(Barbosa et al., 2006; Vizeu et a., 2005; Kaminski et al., 2006). Although the studies
regarding MMs and mineral bioavailability are scarce, some studiesin rats reveaed that MMs
can provide some minerals. Undernourished rats fed with a MM supplemented diet had
greater weight gain and higher femur calcium and phosphorus contents than did rats fed a diet
without MM (Siqueira et al., 2001; Souza et al., 2002), which suggests that calcium and
phosphorus from MM are at least partialy bio-available. In addition, in rats previously fed
with a low-protein diet and then submitted to a diet similar to that used in a nursery school,
MM supplementation increased Ca and Mg, but not P blood levels (Santos et a., 2004).
However, when used as supplement for a mineral deficient diet (20% of the recommended
mineral amount) MM partially prevented the growing deficits in rats, suggesting that it could

supply only part of the minerals requirements (Ferreira et a., 2005).

Although MM composition varies in the amount and type of ingredients according to
the local availability, these previous studies on minerals bioavailability evaluated the effect of

only one MM formulation. Thus, the objective of the present study was to evaluate the effect
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of dietary supplementation with different formulations of MM containing increasing levels of

dietary fiber on the apparent absorption of Ca, P, Mg, Mn, and Cu in growing rats.

2. Materials and methods

This study was approved by the Ethics and Animal Welfare Committee from Federal
University of Santa Maria (UFSM).

2.1. Basic diet and multimixtures

Basic diet (BD): The diet used in this study was based on an average of foods taken by
children that consume MM in the city of Santa Maria (RS, Brazil). A questionnaire was
applied to parents who gave information regarding their children’s diet. Data from 200
children were used to formulate the basic diet that contained 20.9% bread, 16.4% rice, 13.2%
beans, 10.4% milk, 8.2% beef, 6.4% cookie, 7.2% sugar, 1.4% bologna, 5.3% chicken, 2.9%
chips, 2.1% margarine, 1.9% chocolate powder, 1.9% macaroni, 1.8% of other ingredients
(apple, banana, egg, potato, lettuce, tomato, cabbage and coffee — individual amounts lower
than 0.5%). Food ingredients were bought at local stores, prepared as for human consumption,

dried at 55°C, ground and mixed to form the BD.

Multimixtures (MM): The MMs employed were prepared according to formulae used in the
central part of the State of Rio Grande do Sul (Brazil). The formulae of MMs employed in
this experiment were chosen among 20 samples used by Child Pastoral Organization in this
area (Kaminski et a., 2006; Table 1). We evaluated the effects of 3 MM formulae with
distinct levels of dietary fiber, since this is the dietary constituent, which has presented more
controversial results regarding mineral absorption (Filisetti and Lobo, 2007). MMs were

prepared with low, medium, and high dietary fiber level, respectively MM 1, MM2, and MM3
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(Table 1). The proportion of MM employed in the diets (5%) was also selected in accordance
to the average proportion taken by children that consume MM in the city of Santa Maria (RS,
Brazil). The MMS' ingredients were obtained at local stores or prepared according to the
Child Pastoral Organization recommendations (2004).
2.2. Animals and experimental protocols

Weaning male Wistar rats (3 weeks-old weighing 53+10 g) were randomly divided
into the experimental groups (n=7) and individually housed in metabolic cages, under
controlled conventional conditions (21+1°C, 12 h/12 h light-dark cycle) with free access to
drinking water and experimental diets during acclimatization period (5 days) and
experimental period (30 days). Experimental groups were fed BD (100% basic diet - control)
or BD supplemented with three different MMs that had increasing levels of dietary fiber
(DM1, DM2 and DM3) (95% BD + 5% MM) . Also, for reference purposes we included
another group (AIN group) that received diet prepared according to the American Institute of
Nutrition rodent diet (Reeves et a., 1993). All diets were prepared immediately before the
experiment start and stored at 4°C until they were used. The feed intake was recorded daily
and the body weight of animals was obtained every three days; these data were used to
determine the feed intake, the body weight gain, and the feed efficiency ratio. Feces were
quantitatively and separately collected for each animal aong two distinct periods (from the 1%
to the 7" and from the 22" to the 29" experimental day) in order to evaluate whether there
was any change on the mineral absorption because of adaptability to diet. At the end of each
collecting period, feces were weighed before and after being dried, ground, and stored for
mineral determination. At the end of experiment, the animals were weighed, anesthetized and

killed by cardiac puncture.

2.3. Analytical procedures
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Diets and MM were analyzed as described by AOAC (1995) for moisture (method
925.10), ash (method 923.03), fat (method 945.39), and crude protein (method 960.52, N x
6.25, microkjeldahl method). Total and insoluble dietary fiber contents were determined by
enzymic-gravimetric methods n° 985.29 and n° 991.42 (AOAC, 1995), and soluble dietary
fiber content was calculated by difference. All the enzymes used in chemical analysis,
Termamyl 120L° (amylase), AMG 200° (amyloglycosidase) and Alcaase 2.4L° (protease),
were provided by Novozymes Latin America Ltd. Available carbohydrates (Nitrogen-free
extract, NFE fraction) were calculated by difference, as follows. [NFE fraction % = 100 —
(moisture% + crude ash% + crude fat% + crude protein% + dietary fiber%)]. The energetic
value was calculated using the factor 9.0 kcal/g for lipids and 4.0 kcal/g for protein and NFE

fraction.

For determining essential minerals, MMs, diet, and feces samples were wet-digested
with nitric and perchloric acids (5:1, v/v). Ca, Mg, Mn and Cu concentrations were measured
a 422.7, 202.6, 279.5, and 324.8 nm, respectively, using a flame Atomic Absorption
Spectrophotometer model AA12/1475, Varian (Australia). P concentrations were measured
spectrophotometrically after reaction with ammonium-molybdate and ammonium-

metavanadate (Quinlan and DeSesa, 1955).

2.4. Calculations and statistical analysis

Feed intake, body weight gain, and feed efficiency ratio were calculated throughout
the whole experimental period. The minerals parameters (ingestion, feces excretion and
apparent absorption) were obtained from their content in the diets and in the feces and were
determined for each period of feces collection. The minera absorption was calculated using

the following equations:

Absolute apparent absorption (net abs, mg/day) = intake — fecal excretion
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Relative apparent absorption (%) = (intake — fecal excretion) / intake x 100

Results are presented as the mean + standard error of the mean. The paired Student”s t-
test (P<0.05) was used to determine differences in apparent mineral absorption between the
two periods of feces collection in each diet group. Differences among the test-groups (BD
and BD+MMs groups) were evaluated using one-way analysis of variance (ANOVA) and
post-hoc analysis was carried out using Duncan’ s test (P<0.05). The AIN group was presented
only as areference and was not included in this statistical analysis, since in most measures the
AIN group presented results greatly different from the other groups. This was done because
the inclusion of these results would make it difficult to detect differences among the

experimental groups. The software used for the analysis was Statistica 6.0 for Windows.

3. Results

3.1. Composition of diets

The composition of multimixtures and diets is summarized in Table 2. The MMs,
which were chosen based on their dietary fiber concentration, also presented different levels
of other constituents. The MM with lower dietary fiber level (MM1) presented the highest
level of digestible carbohydrates (NFE) and Ca and the lowest levels of ash (total minerals)
crude fat, crude protein, P, Mg, Mn, and Cu. The MM with intermediate dietary fiber level
(MM2) presented also intermediate crude fat, ash and minerals, but the lowest level of Ca and
the highest level of crude protein. The MM with higher dietary fiber level (MM3) presented
the highest levels of ash, crude fat, P, Mg, Mn and Cu and the lowest level of digestible
carbohydrates. The MM3 also presented a higher proportion of soluble dietary fiber (SDF,

27%) in relation to the other MMs (about 12%).

Concerning the diets composition, MM addition to the BD changed the levels of some

constituents, but this ateration was minor because just a small amount of MM was added
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(5%). Experimental diets were isocaloric and presented similar levels of most constituents.
Comparing with rat’s recommendations (AIN diet), it was observed that the experimental
diets presented higher crude ash, crude fat and soluble dietary fiber, but lower crude protein

and NFE levels, while the total dietary fiber levels were similar..

3.2. Feed intake, body weight gain, and feed efficiency ratio

The growing parameters are presented in Figure 1. The MMs with different fiber
levels caused distinct effects on the biological parameters evaluated. While supplementation
with the intermediate-fiber level MM (DM2 group) increased animals feed intake, body
weight gain, and feed efficiency ratio in comparison to the BD group, the other MMs (low

and high fiber level) had no such effect.

3.3. Apparent mineral absorption

Tables 3-7 present data for calcium, phosphorus, magnesium, manganese and copper
ingestion, excretion, and absorption, besides mineral dietary concentration. It has to be
pointed out that all the groups presented ingestion, fecal excretion and absolute apparent
absorption (mg/day) higher for all mineras in the second period of feces collection as
compared to the first one. However, when absorption was calculated as relative absorption
(%), no differences were observed within each group between the first and the second periods

(p>0.05).

Concerning calcium, the experimental diets presented a very low concentration
(around 25%) as compared to the standard diet (AIN, Table 2). , All experimental groups
presented similar Caingestion and apparent net absorption, but the fecal excretion was higher
in the groups fed MMs with intermediate and higher fiber level (DM2 and DM 3) as compared
to the BD and DM 1 groups (Table 3). The relative absorption was very high (above 90%) in

al experimental groups and all of them presented similar relative Ca absorption in the first
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period of feces collection, but in the second period the group fed the MM with the higher fiber

level (DM3) had lower relative apparent absorption than the BD and DM 1 groups.

Regarding phosphorus, experimental diets presented P concentration similar or higher
than the diet recommended for rats (AIN diet, Table 2). P concentration was higher in the
diets with MMs containing the intermediate and higher fiber level (DM2 and DM3) as
compared to the BD and DM1 ones. As a result, both in the first and in the second feces
collection period, the rats fed DM2 and DM3 had higher P ingestion and net absorption
despite presenting a higher fecal excretion (Table 4). When apparent P absorption was

calculated as relative absorption (%), all experimental groups had similar values.

Concerning Mg, it was observed that all experimental diets had higher dietary
concentration than the rat’s recommendations (AIN diet, Table 2). Data relative to Mg
absorption are in Table 5. It was observed that, diets containing MMs with the intermediate
and higher fiber level had higher Mg content than the BD and DM 1 ones. Because of higher
Mg dietary concentration, both in the first and in the second feces collection period, rats fed
with DM2 and DM3 diets presented higher Mg ingestion and absolute absorption (mg/day)

than the BD and DM 1 groups, even though they also presented higher fecal excretion.

Mn concentration in the BD diet was remarkably lower than the recommendations for
rats (AIN diet, Table 2). Athough dietary concentration of Mn increased linearly with the
increase in the fiber level of MM added to the diet, this increase was insufficient to attain the
dietary recommendation for rats. It was observed that, both in the first and in the second feces
collection period, rats fed diet with MM containing the higher fiber level (DM3) had higher
Mn ingestion and absol ute absorption even though presenting a higher fecal excretion than the
other experimental groups, especially the BD and DM 1 groups (Table 6). However, the DM2

group, although presenting higher Mn ingestion, showed a similar absolute absorption in
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relation to the BD and DM 1 groups, which was related to the lower relative absorption (Table

6).

The Cu concentration in the BD was only half of that recommended for rats (AIN diet,
Table 2), and the MM supplementation did not change the Cu dietary concentration. Although
some differences were observed among experimental groups regarding ingestion and fecal
excretion, concerning Cu absolute and relative absorption there were no statistical differences

in both observation periods (Table 7).

4. Discussion

The problems of dietary malnutrition are usually addressed through supplementation,
food fortification or dietary diversification. The use of MMs may be an important strategy to
improve nutritional value of diets, since the mgor MM ingredients contain high concentration
of nutrients at alow cost (Madruga and Camara, 2000, Souza et a., 2002). Nevertheless, since
the MMs composition and also the diets employed by possible consumers of MMs can greatly
vary, there is still a great deal of studies to be developed in order to verify the efficiency of

these supplements.

Diets composition and animal’s growing

We studied three MMs with increasing levels of dietary fiber as supplement to a diet
representative of the foods taken by children that consume MMs. Although the BD used in
our experiment had a good balance of energetic nutrients considering human
recommendations (lipids, protein and carbohydrates gave about 24, 20 and 56% of dietary
caloric value, respectively), more than 50% of the BD was composed of foods with low

nutritional value (refined cereals and sugars). Studies suggest that the increase of consumption
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of refined products is associated with the marginal deficiency of vitamins (Batifoulier et a.,
2006). Moreover, the BD diet was poor in protein (79%), calcium (25%), Mn (55%) and Cu

(50%) when compared to the recommendation for rats (AIN, Reeves et a., 1993).

Even though the addition of 5% MMs caused few changes in the composition of diets,
diet with the intermediate dietary fiber level MM (DM?2) increased feed intake, body weight
gain, and feed efficiency ratio of the animals when compared to the BD group. These findings
could be explained by some ingredients like oat flakes and wheat germ, that were found in
MM2 but not in the other two MMs, which had no effect on the growing parameters of rats.
Considering that the addition of MM2 to the BD caused minor changes in the analyzed
constituents, we propose that this MM improved the dietary concentration of other nutrients,
probably B vitamins. It is known that the concentration of most B vitamins in wheat germ is
similar to that of bran cereal, but wheat germ has a higher concentration of thiamin and folate
(USDA, 2009). Thiamin is essentia for carbohydrates metabolism and also plays a role in
growth (Mahan & Escott-Stump, 2002). The fact that refined carbohydrates were not added,
and B vitamins levels were increased a little may have caused the differences of the MM2
results in relation to those obtained in the DM1 and DM3 groups. Some studies employing
MMs as supplements did not find any positive nutritional results (Boaventura et al., 2000;
Madruga et a., 2004; Santos et a., 2004). However, these studies evaluated the effect of MM
on rats fed a good nutritional quality diet. In contrast, other studies that used a very poor
nutritional value diet found a positive result after MM addition (Souza et al., 2002, Ferreira et
al., 2005). Our results are relevant because they revea that some kinds of MMs may have a
beneficial effect even on populations that have a dightly deficient diet, like those that

consume the BD.

Mineral absorption
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The mgjor MM ingredient, cereal bran, has high minerals concentrations, but has also
high dietary fiber and phytates concentrations, which can interfere in mineral bioavailability.
For this reason, the biovailability of MM minerals and MM effects on minerals of other foods
is still a controversia aspect. In our study, we evauated the influence of MMs with different
dietary fiber level on the apparent absorption of dietary Ca, P, Mg, Mn, and Cu. These
minerals can be divided into two groups, according to the results obtained: those present in
MMs at levels that did not cause aterations in their concentration on the experimental diets
(Ca and Cu) and those present in MMs so that there was a significant increase of their
concentration in diets (P, Mg, and Mn). The evaluation was performed during two distinct
periods of experimental period, in order to determine whether there was any change in the
minera absorption because of adaptability to the diet. No differences were observed in the
relative apparent absorption (%) between the first and the second periods for any of the
mineras or any of the MM treatments. It is known that the intestinal absorption of some
minerals, as calcium, decrease with age (Coudray et al., 2006), but this did not occur in our
study, probably because the interval between the two periods of feces collection was small.
However, the absolute data, that is, ingestion, fecal excretion and absolute apparent
absorption, were higher in the second period of feces collection than in the first one. This fact
occurred because the animals grew aong the experiment and, as a consequence, increased

their food ingestion.

Concerning Ca and Cu data, whose dietary concentration was not altered by MMs
addition, it was observed that, despite of some minor numerical differences related to
ingestion and excretion, the relative and absol ute apparent absorption were, in general, similar
among the different groups. The relative apparent Ca absorption (%) in the experimental
groups was almost twice that observed in the AIN group. This probably occurred because of

the low Ca concentration in the experimental diets, which is known to increase the relative
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absorption (Broner & Pansu, 1999; Water et al., 2000). Even though the relative Ca
absorption was very similar among all experimental groups, it is important to point out that it
was reduced by the MM with the higher dietary fiber level in the second period of feces
collection. We propose that this decrease may have occurred because of the higher cereal bran
level of MM 3, since cereal bran has been shown to bind Ca (Idouraine et al, 1996; Harrington
et a., 2001). Thus, our results indicate that in the high dietary fiber level MMs (bran-rich)
part of the Cais not bioavailable. This finding emphasizes the importance of adding arich-Ca
source, like egg-shell powder, to bran-rich MMs. This practice is aready used in some MM
formulae. In addition, this finding is in agreement with the recommendation that diets with
bran addition (high fiber level) should also have a high level of Ca (Zittermann et al., 1999;
Chen et al., 2004). However, it is important to point out that the absolute apparent Ca
absorption was not reduced by feeding diets with the high fiber level MM, as compared to the

basic diet. Thus, DM 3 diet did not impair net Ca absorption in these conditions.

In contrast to that observed for Ca, the apparent absorption of Cu was not changed by
any MM containing diet. This finding is related to the low Cu concentration found in MM
containing diets, which was similar to that found in the BD. Besides, this result suggests that

MM constituents did not decrease the bioavailability of Cu from other dietary sources.

On the contrary to what happened to Ca, the dietary P levels of the experimental diets
were similar to or higher than those recommended for rats (AIN group). The increase of P
concentration in the diets containing MMs with intermediate and higher fiber level was due to
phytate, since about 80% of cereal bran phosphorus is phytate-phosphorus (Reddy et a.,
1989). Our results indicate that this phytate-phosphorus is bioavailable for rats (higher
absolute apparent P absorption), which is in agreement with previous data on the absorption
of P from cerea bran (Shah et al., 1990; Lopez et a., 2000; Souza et a., 2002) and data

indicating that rats have phytase activity in the small intestine (Rao & Ramakrishnan, 1986;
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Igbal et a., 1994). Although our results indicate that bran-rich MMs may be a source of P for
rats, these data cannot be directly transposed to humans since phytase intestinal activity is

very limited in humans (Igbal et a., 1994).

Experimental diets presented higher Mg concentration than recommendations for rats
(AIN diet). The absolute Mg absorption of rats fed diets containing MMs with intermediate
and higher fiber level was higher than that of the ones fed the BD. Shah et al. (1990) and Toba
et a. (1999) also observed an increase of net absorption when Mg dietary levels were
increased. Studiesin rats (Lopez et al., 2000) and in humans (Reinhold et al., 1976; Sandberg
et a., 1982) have shown that Mg of whole cereals (or cereal bran), despite having less
bioavailability than other sources, contributes to the increase of total Mg absorption. Barbosa
et a (2006) pointed out that some MMs present high Mg concentration and our data give

evidence that rich-bran MMs may be an important source of Mg.

Concerning manganese, it is important to point out that the amount of this element in
the experimental diets increased linearly with the increase in the amount of dietary fiber. In
fact, this was expected since dietary fiber from the tested MMs came from cereal bran, which
is known to have high Mn concentration (O’'Dell et a., 1972). However, only the diets
containing MMs with intermediate and higher fiber levels increased the absolute apparent Mn
absorption. Our results indicate that bran-rich MM may be a Mn source, which confirms a
previous suggestion of other studies that evaluated the composition of various MMs (Vizeu et

al., 2005; Kaminski et a., 2006).

As found in other studies (Siqueira et al., 2001; Souza et a, 2002; Ferreira et al.,
2005), our results indicate that some MMs may be a source of minerals, since they increased
the dietary levels and the absolute apparent absorption of P, Mg, and Mn, without changes in

the apparent absorption of Ca and Cu. In addition, we demonstrated for the first time that the
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increase of minera dietary concentration and absorption was directly related to the fiber
levels of MMSs. Although part of the Ca from the high-fiber level MMs (bran-rich) may not be
available for absorption (lower relative absorption of DM3), this kind of MM did not reduced
the net Ca. However, caution should be taken when transposing these experimental data to
humans, because of some biological differences between humans and rats, like the minerd
requirements and the phytase intestinal activity. Nevertheless, our results are important
because they reved that the dietary fiber level of MMs affects the apparent absorption of
minerals and suggest that these low-cost supplements, especially those with high fiber level
may be a strategy to improve the nutritional value of poor diets. However, since constituents
other than dietary fiber may also vary in the different MM formulae used, further studies are

required to elucidate the influence of these changes in the nutritional efficiency of MMs.
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Table 1 Ingredients of the different multimixtures evaluated

Ingredients MM1 MM2 MM3
Wheat bran 17.6 26.3 375
Rice bran 1.7 13.2 225
Oat flakes 13.2
Wheat flour 28.7
Corn flour 30.5 26.3 14.0
Cassava med 121 154
Wheat germ 13.2
Soybean fiber 6.5
Sesame seed powder 13
Seeds powder* 1.7 5.1
L eaves powder 2 1.7 55

MM1, MM2, MM3: Multimixture 1, 2, 3.

Ypumpkin and watermelon seeds; cassava and sweet potato green leaves powder.
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Table 2 Composition of multimixtures and experimental diets (wet weight basis)

Multimixtures

Experimental diets

MM1
Energy (kca %) 322.5
Moisture 9.3
Crude ash (%) 2.3
Crude fat (%) 2.9
Crude protein (%) 9.6
Dietary fiber
TDF (%) 11.4
IDF (%) 102
SDF (%) 1.2
Nitrogen-free extract (%) 64.5
Ca (mg%) 4352
P (mg%) 217.0
Mg (mg%) 120.3
Mn (mg%) 4.05
Cu (mg%) 0.19

MM2
313.5
5.7
39
6.3
18.0

199
171
2.8

46.2
175.0
849.8
332.0

7.98

0.52

MM3
280.9
3.8
5.6
9.3
12.2

32.0
235
8.5

37.1
230.0

1162.2

660.1
14.10
0.73

BD
378.9
115
3.6
11.7
138

4.8
4.0
0.8
54.6
129.2
317.0
86.9
1.04
0.30

DM1
377.3

115
3.5
11.3
131

4.8
4.0
0.8
55.8
145.3
312.4
88.9
121
0.29

DM2
379.1

11.0
3.6
115
141

5.0
4.1
0.9
54.8
131.8
346.2
98.6
1.39
0.31

DM3
378.5

10.9
3.7
11.7
13.9

5.4
4.3
11
54.4
133.5
359.4
115.0
1.68
0.32

AIN
Diet
377.1
7.1
2.8
7.1
174

4.9
4.8
0.1
60.7
512.6
315.3
47.0
1.89
0.60

MM1, MM2, MM3: Multimixture 1, 2, 3; BD= basic diet; DM 1= 95% basic diet + 5% MM1;, DM2= 95% basic diet + 5% MM2; DM 3= 95% basic

57

diet + 5% MM3; AIN= diet elaborated based on American Institute of Nutrition recommendations for experimental growing rats (Reeves et a., 1993);

TDF=total dietary fiber ; IDF= isoluble dietary fiber ; SDF= soluble dietary fiber.
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Fig. 1 Feed intake (A), body weight gain (B), and feed efficiency ratio (C) of growing rats fed diets without or with multimixtures. BD= basic diet;
DM1= 95% basic diet + 5% MM1; DM2= 95% basic diet + 5% MM2; DM 3= 95% basic diet + 5% MM3: BW= body weight; FER= feed efficiency
ratio. Results are mean values + standard error of the mean (n=7). * Different from the BD group (P<0.05; one-way ANOVA followed by Duncan’s

test). Horizontal lines represent values of animalsfed AIN diet.
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Table 3 Dietary concentration and ingestion, excretion, and absorption of calcium in rats fed diets without or with multimixtures in two experimental

periods
Parameters BD DM1 DM2 DM3
Dietary concentration (mg %) 1292+11a 1453%55a 131.8 + 8.8a 1335+ 4.7a
Ingestion (mg/day)
1% period 17.7+0.4a 19.2+0.4a 18.7+05a 19.1+0.8a
2" period 21.7+05a 239+15a 255+11a 228+13a
Fecal excretion (mg/day)
1% period 1.3+01a 1.3+01a 14+01a 1.4+0.1a
2" period 1.6+0.1b 1.6+0.1b 20+0.1a 21+02a
Absolute apparent absorption (mg/day)
1% period 164+04a 17.8+x04a 173+ 05a 179+ 1.1a
2" period 201+04a 224+13a 235+10a 208*12a
Relative apparent absorption (%)
1% period 928+ 05a 93.6+0.7a 924+05a 926+09a
2" period 928+ 05a 93.6+05a 92.1+ 0.4ab 90.9+05b

BD= basic diet; DM1= 95% basic diet + 5% MM1;, DM2= 95% basic diet + 5% MM2; DM 3= 95% basic diet + 5% MM 3. Results are expressed as
mean values + standard error of the mean (n=7). Vaues followed by different letters within the same line are significantly different (P<0.05; one-way
ANOVA followed by Duncan’stest). Animals fed AIN diet ingested 80.9 + 3.0 and 120.9 + 4.3, excreted 36.4 + 1.3 and 60.9 £ 2.2, and absorbed 44.5
+ 1.4 and 60.0 + 2.2 mg Ca/day, with a relative apparent calcium absorption of 55.0 + 2.5 and 52.2 + 1.4 %, respectively in the first and in the second
period.
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Table 4 Dietary concentration and ingestion, excretion, and absorption of phosphorus in rats fed diets without or with multimixtures in two
experimental periods
Parameters BD DM1 DM2 DM3

Dietary concentration (mg %) 3170+25b 3124+31b 346.2+38a 3594+40a

Ingestion (mg/day)
1% period 433+10b  414+08b 491+13a 514+23a
2" period 531+11b  515+32b 67.1+28a 615+36a
Fecal excretion (mg/day)
1% period 53+03b 54+01b  59+03a 66+03a
2" period 59+05b 6.2+06b 82+09a 7.8+04ab
Absolute apparent absorption (mg/day)
1% period 381+08b  359+09p 432+1la 453+29a
2" period 472+08b  452+27b 589+20a 538+33a
Relative apparent absorption (%)
1% period 87.7+06a 87.7+08a 880+03a 870+10a
2" period 889+0.7a 883+06a 880+10a 87.3x06a

BD= basic diet; DM1= 95% basic diet + 5% MM1;, DM2= 95% basic diet + 5% MM2; DM 3= 95% basic diet + 5% MM 3. Results are expressed as
mean values * standard error of the mean (n=7). Values followed by different letters within the same line are significantly different (P<0.05; one-way
ANOVA followed by Duncan’s test). Animals fed AIN diet ingested 49.8 + 1.8 and 74.4 + 2.7, excreted 15.3 + 0.6 and 23.8 + 0.9, and absorbed 34.4
+ 1.3 and 50.6 + 1.8 mg P/day, with arelative apparent phosphorus absorption of 69.2 + 1.6 and 68.0 + 1.5 %, respectively in the first and in the second
period.
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Table 5 Dietary concentration and ingestion, excretion, and absorption of magnesium in rats fed diets without or with multimixtures in two

experimental periods

Parameters BD DM1 DM2 DM3
Dietary concentration (mg %) 869+11c 889+14c 986+13b 115+13a
Ingestion (mg/day)

1% period 119+03b 118+02b 142+03a 164+0.7a

2" period 147+04b 146+09b 19.1+08a 197x1l1la
Fecal excretion (mg/day)

1% period 29+01b 31+02b 41+02& 46+03a

2" period 39+04b 37+03b 59+04a 52+03a
Absolute apparent absorption (mg/day)

1% period 89+02b 86+02b 102+0.2a 120+x09a

2" period 108+ 0.2b 109+0.7b 132+04a 145%x09a
Relative apparent absorption (%)

1% period 75.2+0.8a 750x20a 709+x1lla 719+x21a

2" period 736+26a 747+08a 69.2+09b 735+08a

BD= basic diet; DM1= 95% basic diet + 5% MM1;, DM2= 95% basic diet + 5% MM2; DM 3= 95% basic diet + 5% MM 3. Results are expressed as
mean values * standard error of the mean (n=7). Values followed by different letters within the same line are significantly different (P<0.05; one-way
ANOVA followed by Duncan’s test). Animals fed AIN diet ingested 7.4 + 0.3 and 11.1 + 0.4, excreted 1.8 + 0.1 and 2.9 + 0.1, and absorbed 5.6 + 0.2
and 8.2 = 0.3 mg Mg/day, with a relative apparent magnesium absorption of 75.2 + 2.2 and 74.1 £ 2.7 %, respectively in the first and in the second
period.
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Table 6 Dietary concentration and ingestion, excretion, and absorption of manganese in rats fed diets without or with multimixtures in two

experimental periods

Parameters BD DM1 DM2 DM3
Dietary concentration (g %) 1037.2+89.2c 1207.3+x7.5bc 1389.3+53.0ab 1679.1+125.0a
Ingestion (g /day)
1% period 1422+ 3.2cC 1596+ 3.7cC 197.2+53b 2426+126a
2" period 1743+38b 1994+ 125b 2694+112a 2875+ 16.8a
Fecal excretion (ug /day)
1% period 89.0+3.0c 116.2+36b 1449+4.7a 1520 = 7.7a
2" period 105.0+32b 1204+ 10.1b 1715%7.7a 1704+ 119a
Absolute apparent absorption (ug /day)
1% period 53.3+25D 434 £ 27b 522 £58b 905+ 7.0a
2" period 69.3+15¢c 79.0+ 5.7 bc 921+53b 1134+ 88a
Relative apparent absorption (%)
1% period 37.5x15a 27.2+15Db 27.8+25Db 37.1+16a
2" period 39.8+0.8a 399+23a 345+09b 399+14a

62

BD= basic diet; DM1= 95% basic diet + 5% MM1;, DM2= 95% basic diet + 5% MM2; DM 3= 95% basic diet + 5% MM 3. Results are expressed as
mean values * standard error of the mean (n=7). Values followed by different letters within the same line are significantly different (P<0.05; one-way
ANOVA followed by Duncan’s test). Animals fed AIN diet ingested 291.7 + 11.5 and 432.1 + 20.1, excreted 218.0 £ 12.1 and 279.6 + 14.4, and
absorbed 90.8 £ 7.2 and 151.4 + 9.1 pg Mn/day, with arelative apparent magnesium absorption of 30.9 + 1.6 and 35.1 £ 1.4 %, respectively in the first

and in the second period.
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Table 7 Dietary concentration and ingestion, excretion, and absorption of copper in rats fed diets without or with multimixtures in two experimental

periods
Parameters BD DM1 DM2 DM3
Dietary concentration (g %) 301.2+39a 287.7+115a 307.8+85a 3166+1l.1la
Ingestion (ug/day)
1% period 41.2+09bc 379+09c 437+12a& 457+24a
2" period 505+1.1b 494+27b 600+25a 524%3.1b

Fecal excretion (g /day)

1% period 309+0.7b 303+10b 336%x10a 351+16a

2" period 369+12b 391+23b 484%3la 424+19ab
Absolute apparent absorption (ug/day)

1% period 103+1.0a 80x1l4a 101+04a 106+14a

2" period 131+11a 103+09a 110+04a 100x20a
Relative apparent absorption (%)

1% period 245+23a 235x20a 231x09a 229%+24a

2" period 235+20a 208x15a 186x13a 210%x22a

BD= basic diet; DM1= 95% basic diet + 5% MM1;, DM2= 95% basic diet + 5% MM2; DM 3= 95% basic diet + 5% MM 3. Results are expressed as
mean values * standard error of the mean (n=7). Values followed by different letters within the same line are significantly different (P<0.05; one-way
ANOVA followed by Duncan’s test). Animals fed AIN diet ingested 101.1 + 3.8 and 136.8 + 6.4, excreted 82.5 + 3.0 and 113.2 + 6.8, and absorbed
185+ 1.2 and 21.5 + 1.0 pg Cu/day, with a relative apparent copper absorption of 18.2 + 0.8 and 16.1 + 0.8 %, respectively in the first and in the
second period.
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Footnoteto page 1

Abbreviations: AIN, American Institute of Nutrition ; ANOVA, analysis of variance; BD,
basic diet; IDF, insoluble dietary fiber; MM, “multimistura’ or multimixture; NET ABS,
absolute apparent absorption. NFE, Nitrogen-free extract; SDF, soluble dietary fiber; TDF,

total dietary fiber; % ABS, relative apparent absorption.
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SISAGE

Influence of cereal bran supplement
on cadmium effects in growing rats

MGK Callegare'’, BG Milbradt®, T Diettrich’, E Alves’,
FA Duarte?, EMM Flores®, VL Dressler?, LP Silva® and

T Emanuelli?

Abstract

Stravepies to diminish cadmium (Cd) absorption are highly desirable especially where Cd exposure due to envi-
ronmental contaminaton is stll inevitable, Cd toxicity may be influenced by digtary compaonents, such as fiber
and mirerals. Multimixtures are low-cost cereal bran supplements used in Brazil and in cther countries o
counteract malnutrition n low-income populations. This study was aimed at evaluatng whether multimizxturas
would reduce Cd efferts n young rats. Animals received a diet with or without the multimixture plus 0. 5. or
25 mg Cdikg (control, Cd-5, and Cd-15 groups) during 30 days. The Cd-5 groups weara similar to control
groups i all parameters analyzed. except in the higher renal Cd concermtration. However, the Cd-25 groups
had lower biological prowth parameters and renal d-aminclevulinate dehydratase activity, besides higher renal
Cd concertraton and plasma alanine aminotransferase activity compared to the cortrals. The multimixtore
did not prevent Cd effects in the Cd-23 group, but caused a small reduction in renal Cd concentration in the
Cd-5 group. Although this multimikture was ineffective 1o prevent Cd effeces at the higher concentration, i
seemed to reduce Cd accumulation at the lower Cd dietary concemtration, which is similar to levels of buman
exposure in some polluted arsas.

Keywords
alanine aminotransferase. &-aminclevulinate dehydratase, aspartate aminotransferase, cadmium. dietary fiber,
multimixture

[ASTY activines have alsn heen used as indicators
of Cd hepatic injury.

Introduction

Cadmiwm (Cd) is one of the most worrisoms heavy
memls due o its soxiciny and increasing envirommen-
tal levels. It occors abundantly in nature in zine and
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cad ores and in phosphate fertilizers. Agriculral use
ol ploosphale ferlicers and sewage sludee, as well as
industrial vses of cadmivm, have been identificd as
the major causcs of widcspread dispersion of this
melal al ace levels imo the general eoviromment.'
Cd enters the food chain and accumulates inoanimal
organisms duc to its long biological bLal&lifc?
Cd toxicily mainly alTeels the kidneys, lver, and
bone, '™ where it inhibits various enzymatic systems,
a-Armelevulinale dehydratase (ALA-DY a sulllydryl-
conlaiming cngymne of heme bosvahesis, 15 used
as a blomarker of Cd exposure, since it has high
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The major roue ol exposure o cadnnom [or the
non-sinoking aeneral populaion s ovia lownd. ™ The
biaavailability of cadmiwm from food s an important
detcrimnant ol s potential nsk. 100s well known that
the rate of cadmivm absorption from vartous food
sonrces depends on the noutrton:l smms of mmerals,
especially wine, iron, and ealeium.” Tn additan, pro-
Lo malnutriiion enbuances susceplibilily 1o cadnnum
intoxication ©* Malmrtrition is a common problen in
oy couniries, wlineh has been counteracied by ooy -
ernment and non-goverment instifn
Pastoral Organization (Pastoral da Crianca — CWBEB)
is a non-grvernment arganization aerive in Deazil and

olhwr couniries, which, among odier achions, slunu-
lales digtary ennclhoment wilh non-conventiomal sup-
plements to treat malnutrition.” These supplements
are preparcd using low-vost meredicnts (aenealiural
by-products) thot include cereal bran, green leaf
o ter, vt komds o seecds, o eeeshell powder,
amarg athers, and are commeonly knowm as mndr-
s bures” (M MO Dug o s low cost, MM are used
all vver Braal and o olber counines W counleract
malnwtrition in low-meome populations. The amount
and type of incredients used o prepare MM vary
according to local availability. Even though MM con-
tain a hagh concentration of proteins, [ vigmms, ana
%10

minerals, amang atherrutrients, " theiruse has heen
vurtested by nuiriion prolessionals m Braal, One ol
the controversies reparding the use of MM is the
scanty nformation conceming the bioavatlability of
their rmatrients and its effect om the hicavailahility of
nutrients fom other foods, especially minerals.”
The main mgredient of MM 15 cereal an, which
miay reach u concentmtion o 05 or mare, Cereal
brans contain bigh levels ol munerals, bul they alse
contaiin a high amount of dictary fiber and phytate,
which hind minerals, and may impair their absorp-
tion. " Althoush some in vitro and in vivo stodias

hive shocwn Lhad cereal brans con bind essenbial -

erals,"""" nrher smdies did nat find adverse effects of
cencal  bruns on omuneral abserplon and ubliza-
tion. ™" Besides brans, MM contain other ingredients
such as cpg shell poveder. Egg shell has high caleinm
content that is ahsarbad in the sasrointestinal mract.
Although studies regording MM and mineral bloavail-
ahhbe are scirce, o lew stodies morins bave revenl e

: : Lols
Ut MM may provide some minerals.

I comirast e essentiad mmerals, @ redue on ol Lthe
castrointestinal absorption of heavy metals is desie-
able. It has been demonstrated that corcal brans can
also hind mowic meal ioms such as lead and cadminm

i v Moreover, the addition ol distary libers,
inclacdimg lpmn, cellulose, and carboxymet by leel lo-
lose, reduced Cd retention in rat tissues. ™' ® The main
concer n the prevention ol luman caposuee o heavy
metals such as Cd is to redoce environmental contam-
IMACen and 0 aveln 108 entrance int the thad chain.,
[Trwever, the high eost of cleaning un conmminazed
argas limuls remedialion measures, especially o
developing countries, where funds are scarcs. In this
contesl, low-cosl slrlegies W diminish beavy mneial
ahsorption are hizhly desirable. Thus, the ohjective
of the prosent study was to ovaluate the offect of
dieriry supplemertrion with a fiher and mineral-
1 MB oo Cd seeurmulation and toxiely m growing
rals, Tins approach 15 mportant because bolh Dber
and essential minerals have the potential o provent
o wosieily, ol most provious stodies have oeused
an the effects of isolated minerals or dietary fiber
soarees am Uil oo b, mather than an the eflecls of
camplex cereal hran mixmres like Wb

Materials and methods
This study was approved by the Frhies and Animal
Woal lare Clommillee Irom the Dmversidacde Federal

de Santa Maria (2308 100577 22006-54).

Animals and experimental protocol

A total of 4R e Wistar rats (3 weeks ald weiginng
O = 10z wers vsed inthis study. The aninals were
individually hosed inometaholic eazes, under con-
trolled convenfional conditions (2070 — [°C, 12
12 b hght-darke cvele), and had free nocess to drinking
water and diet, during the whaole experimental perind
(30 davs) The amrmals were allocaled randonly o
ane of the following six exporimental groups of cight
rils cach:

# Cd 0 group — the animals reccived a basie diet
(R withent O

o Ol 04 MM group — recerved 13 wath molimie-
e withoot [Cd)
Cd 5 ogroup — reectved BD wilh 5 g Cdrkg dick
Cd 5 + MM zroup — reccived BD with muoltimix-
furc and 5 mg Cd'kp diet;

o Ol 25 promp received B0 with 25 mg Cdkp
diet; and

o Ol 250 MM group
lure and 22 myg Cdky dicl

recerved DB wath mllmns-
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Table | Ingredient composition of basic diet (20)

rgredients Armount (g1 0E dry weight)

Bread 2092
Rice 16.38
Beans 13.18
Milk 10.38
Buef B2l
Cookie B35
Sugar EAN
Bologna .35
Chicken 5.34
Chips 2489
Margaring 212
Choealime pavwder 1.54
Macaroni 1.92
Others” 132

“Apple, banana, e, p-..l'.dl.u. lettuce temato, cebbage, and colfew
all zmounts lomwer than 0.5%.

Since nubrbonil deliciencies miy alTect Cd absome-
tlon, the dict used in this study was bascd on the aver-
ape foods consumead by children that receive MMM in
the oty ol samta Mara (85, Bral), which are
children considerad o he at nomitional risk. A ques-
tionmaire was applied o parents who gave informa-
on pegarding ther chaldren™s diet Data rom 200
children were used to formuolate the BD (Table 1)
Fond ingredients were honght ar the local market, pre-
parcd as for luman consumption, doed at 25°C
around, and mixed to form the BD. Cadoomm was
added o the diets as monobydrated CdCl (analytical
grave, Merch, Genmany) W oblan the 3 and 25 mg
Ciddep dier, Dhetary cadminm at & ma'kg was chosen
W provide an exposure sonlur o thal observed
some polluted arcas " and dictary  cadrmurn al
23 mp'kg was chasen o compare the MM effect at
a higher exposire level. The experimental model was
bascd on a previous study in growing Wistar rats t".l"l.
wsed similar dietary Ud levels and sxnosiee period.”
Considenng tal MM are mainly vsed lor children,
this studw was conducted n growing rats,

The MM used 1 the present rescarch was prepared
dceording 1w one of the prodormmant ormuolac vsed by

the Child Pastoral Orzanization in the cenmal part of

the State of Rio Grande do Sol [Brazil), heconse it has
d hugh armount of Nber, The mgrediems ol the MM
(whear hean, 37590 rice hean, 239 cassava meal,

W e cormomeal 145
leaf powder, 5% pumpkin and sunflower seed pow-
der, 5% and epp-shell powder, 1753 were finely
ground, Loasted, and oused, Groups expossd o the

seassava and kale green

67

MM were given a diet containing DO MM and 905
B, while the other sroups wers oiven a diet contain-
g 100G B This MM level was chosen because 1L 1s
an imerrmediale level i relation w previous siudies of
this supplement in rats {125 7

Phie feed mlake was recorded daly and the body
welsht vl unimuls was obtamed cvery 5 days. These
datn were nsed to determine the feed ﬂT'm iency mio.
Al the end ol the cxperirment (30 dayd the aniroals
were welghed, anesthetized, and killed by cardiac
puncmrg. The hlond wis collected in heparinized
bubes [or subsequent guantnlieabion of plasma aning-
transterases (ALT and AST) and creatinine, The liver
and kidneys were removed and weighed Lor evalua-
ool relatve weightl, The right sidoey was monedi-
ately homogenized with saline solution {123, wiv) and
centrifiiged at 3000z ar £ for 10 min o vield a low-
'_-.pu:cd 5L |p|,.':1.1m i U was wsed Lor delenmmalion ol

LA-TY activiry, while the left kidres was froren for

.‘-il.:':.‘-i:‘.‘l.ll.r:” I.I.t!|l.'i'.'l|lr'il Lo ol

tn 25

“the Cul concenlration.

Analytical procedures

Diets and MM analpsiz. Thiets and WM were annlvred
as tescribed by ACQAC Tor moisture (melhod Y25, 103,
ash (method 923.03), fat (method 945,39, and crade
protzin (methnd 900,520 N (.25 micm-Kjeldahl
e thod . Total and insoluble dictary [ber contents wore
determined kv ensymatic-gravimerric  methods .
RS9 amd . 99142
was calculated by difference ™ All the cnzyvmcs used
i chemical analysis, Termamyl 1 200% (amylase),
AMG 200" famyloglyeosidased, and Alcalase 2,417
(protease), wers provided by Novorymes Tatin Amer-
ica [l Available carholyedrazes (WFE fracrion) were
caleulawed by dullerence, as [ollows: | NEE [raetion %

LO0 — (mwoisturc'd — crude ash't + coude fan'
cride prorein' | dietuy fiber'i 1], The energetic '"|||.-.=
was calenlated vsing the factor 9.0 keal/g for lipids and
4.0 keal’ for protein and NFE fraction. Fordotermining
essenlal munerals, diel samples were wel-digesled
wilh mitoe and perchlorie acids, Ca, Mg, Cu, Pe, M,
and Zn concentrations were measured by atomic
absorplion speclromelry using an Atne Absorplion
Specicophoiometer muedel AAL1Z1475) Vanan,
(Aunsmalin) P oeoncentrations were measured spee-
trophotometricallv after reaction with ammaoniom-
molybdats and am monium-metavanadate, =

il soluble dhetary her content

Cd determination. Samples (diets and whole kidney)
weire digested with analy eal grade nnre acud using |
closed digestion system with hanting at 14070 for 2
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hours, Measursments by 10T OES were carned oul
vsinge o Model speetso Cieos CCD (specino Analyieal
Instruments, Kleve, Genmany ), The vperational pas-
meters used were radiolrequeney power ol 1000 W
and [lew-rates [or plasma gos, austhary gas, and
nebulizer gas of 12, 1O, and 0.9 T, min ' TESEC-
tvely, A cross-llow (Spectre) nebulizer coupled o a
donhle-pass glass spray chamber (Speciro) was nsed,
The wavelength 214435 nm was monitorsd for cad-
i determinatinn.

Agueous calibration standards woere preparcd by
seqiential dilution of a stock selution of Cd 0 mg
L ', Spex CertiPrep, Metuchen, NI, USA). Standards
wiore prieparcd daily wsing 2.5 30 W00, 250, 50010,
and 1000 pe L "o Sample dipests wers diluted
whien necessary, Acvuraey was evaluated by analysis
of cne blological cortificd reforencs materal NIST
SEMOLSTTh (bovine lever, 030 4 005 pe ,g"':.
Recrwvery tests were alan performed for sample
digests and waler samples. Aller every len measone-
ments, two sandard Cd soleions were analyzed o
check the slope of the calibration curve. In e euse
of 2 slepe difference higher than 6%, the calibration
curve was prepared again using all staindards. Preci-
sion of ICP OCS measurements was considered
accepiahle at vp to 300

Cadroiwm corent in dists was expreéssed as mekg,
while in the kidnays data weare expressad ns renal Cd

convemraion (weied aond Cd retained m doey O ol

tatal Cd intake doring entive experimental period).

Plgsma creotinine and aminatransferases

Plasma creatining and aminctranaferases (ATT and
AST) were measured using rouline laboratory kils
iMnles rengents, Goianin, GOy, Trazil),

ALAD octivity, ALA-LY was assaved 1 renal horme-
genate by measuring the rare of product (porphohili-
nogen) (ormalion as desvribed by Sassa”t The
reaction was stared 100 min after the addition of the
crnzyvme preparation by adding the substrate. Incuba-
tinn wns carried out for |80 minotes ot 3950 The
reaction product was determined wsing Elwlich’s
redgment dl 3535 min, with o moelar absorption coell-
cient of 6.1 = 10" for the Ehrlich-porphabilinozen
sl Besulls were eaprossed as mnol porplobilino-
gewhour'mg protein. Profein was measured o renal
honno genate aecording 1o Lowry ¢l al = usang bovine
gerinm alhumin ns the standand.

Stotistical analysis

Results are presented as the mean + standard error of
the mean. Data were analyzad by teo-way analysis nf
varignee [ANOVAY 3 cadmium doses = 2 MM levels
for all resiults, Post hoc analysis was camied out using
Dunean’s wst (g 03} and was used only when
AMOWA indicared o significant main affect or inter-
action. Data on renal Cd concentration was log trans-
lormed belore ANOVA, The solbware wsed [or the
analysis was Statistica 6.0 for Windows,

Results
Ihe compositon of cxpernvental diets and ML are
summmartzed 1 Table 2. Diets bad sunilar levels Tor
most analyzed constitucnts. The main di

geitete
armeng diets was i the diglary Dber and mineral con-
tent, The TID-1050 MM diet had higher total digtary
[t comtent ¢ 14-Told )y than the B dietl, This merease
was due v the 1.2-fnld incrense in STIF and 1.5-finld
verease 1 the 1D vontent o BD-10%0 MM diel when
compared  the B0 dien Moreover, the addition nf
MM mereased the concentraiions ol all rmmerals ana-
Iyred. The most expressive increnses were those nf
Mg and Mn (18- and 2. 4-fold, respeenvelyy, bat the
concentrtions af other minerals were also increasad
in the MM diets. Cd levels in the M, and in the
BL diers withou! Od were below the deweclion i
of the TCP OFS assay (003 madlyr, daka not shown ),
Fuor the purpese ol clarily, o concentralions me e
contuminated diets are presented as the ameamnt nf
cadrmurm added o the diels O3 and 25 me'kg), smwee
Ui levels detected by 1O QLS mothese diels did o
deviate more than 1059 Trom (he added amount (data
nol shownh

Al the begimnng ol the capermment, all ras had
suntlar slarling body weights (data nol shown) All
the animals survived the experimental period resard-

less ol the wealment, [lowevern somne samples wers
Last during the assavs, vielding an exparimental num-
ber ol 7 10 8 animals per group depending on the mea-
surement. ANOWVA revealed a significant main effect

welght gain, and feed efficiency mtin. Post hoo anal-
vsis rovealed that animals that received 5 mplee Cd
lad no change e Jeed mlake, body weighl san, or
feed officicney ratio when comparsd to the contral
sroup  (Cd . Table 33 Howewer, Lzl
received 22 meks Cd had lower food mmtake, body
werghl conry, and Fecd ellicreney ralo when compared
ta contral {Cd 0} and to 5 mg'eg Cd groaps (p < 05,

HT LI HIE
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Table 2. Energy and chemical compositdon of MM and the experimental diets
MM BD BD (90%) +— MM {105)

Energy (leeal 35 2667 3834 3704
Moiscure (%) €37 .69 672
Crude ash (%) 442 339 351
Crude fac (%] a5 9.9 2.79
Crude protein (%) |3.28 [%9.30 |B.68
Digtary fiber

TOF {%) I €.80 240

DF (%) 2392 373 5.74

SOF (%) 8,80 307 366
Mitrogen-free extract (%) 35.06 53.86 51.90
1 (mg %) 467 56 [39.55 [B6.15
Fimg %) 7118l 3202 3B3.22
Mg (mg %) 37457 ¥1.89 [33.29
Cu {mg %) | .08 039 0.6
Fe (mg%) 4.06 4.2 4.59
M img®) 1057 Q.79 [.20
Zn (mgi) T8I 349 3.76

BD. Lasic diwt MM, mulimizwre,

Tahle 3. Feed intake, body weight gain, and feed efficiency ratio of rats exposed o a Cdeomaining diet (00 5 or 25 mg/

kg withour or with multimivture {4+ MMy during 30 days

Group (k) Fzed intmke {g) Body weight zain {g) Feed efficiency ratic” (2/5)
Cd D7 444.8 46" 64 | 667 0362 © 0006 *
Cd 0+ MM [B) 4378 + 137 1546 + 4.6 ° 0354 + 00I0*
Cd 5 (3] 437 .4 13.7° 1533 | 65° 0350 L ooin®
Cd 5+ MM (8 4876 L led” 567 L 66" 0,343 © 0008
Cd 25 (8) 3603 1 157" 1123 | 54° 0312 | oooe®
Cd 25 + MM (8) 357.0 . leo" 06,1 L 75" 029 _ 0010"

Cd, cadmiuny; MM, muldmixoire.

MIOTE: Rl are ceprossod 2o moezn waloes 4 scanderd erroe el the moen, Moan values fllow ] by differene lecees wichin che sams
column zre significancly different (b« 0% cvo-way AMOVA followed by Duncan's test).

* p Body weighr minig fard consumed.

Tahle ). The differences in fead inrake herween Cd-
25 pronmms and their comtral groups were similar along
the four cxperimental weeks, while differcnces in
bowdy wenghl gnn ncreased shghtly Teom the Tirst Lo
Uie last experimental week (dala not shown), Mo sig-
wificant Cd » MM intcraction was obscrved, indicat-
g hal the addition o MM did nol prevent Cd ellzcls
on [eed imake, body waight gan, or ed cllicieney
ratio (Tahle 3}

i had a significant main effect on liver relarive
wistghl and AT aclivity, but o cllizel on A5T acliv-
itv. Post hoc analysis revealed that animals thas
received diets with 3 mphe Cd showed no changes
n indicaters of lver foxicity (Table 4} Hewewer,
animals that received 25 mpdkg Cd had lower liver
relutive welghl and mereased ALT aclivily when

compared to contrn] and to 2 medke Od proaps (p o<
A5 Table 4} ART acoviny was similar among
all experimental provps (Table 43 MM did not alter
indhicators ol hiver toacily per se or prevenl Ui elTects
i Table 4.

Mo significant cffcct of Cd or MM was obscrved on
sidney relative weighl (Table 3) or on plasma creal-
mne levels, Plasma crealinne levels were 0074 4
003, 077 4+ 005 0,73 4 002 072 ) Dad, 0074
4 005 and 0,74 4+ 004 mgddl . respectively, for the
Cd oy Cd o = MMM, Cd 5, Cd 5 4+ MM, Cd 25, and Od
25 1 MM grovms. Towever, there was o significant
Ci s WM imreraction an the reral Cd concentration,
Fost hoce analvsis revaaled that the renal Cd concen-
tration significantly inercascd with the increase of
Cd vontent m the diets, with the highest concentration
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Table 4. Liver parameters of rats expased o a Cd-cenaining diec (0. 5 ar 28 mglg) withour or with multmixore
{4+ MM during 30 dapx

Relative weight

Group (i) {mg/g body weight] ALT (L) AST (UL

Cd 0F) 4405 | 0607 9.90 L 0.99° 641 L 1.09°
Cd O+ MM (T 44,16 + 0.67 " 1242 + Qe ™" 2712 + 0.28¢
Cd 5 (B 44.8% + 070" .77 + 1.43°%® 2745 + 1.39°
od 5+ MM g 44.69 + 1097 12,53 + 1.37°" 2850 + 215°
Cd 25 {7) 4129 + 057 ° 1460 + 1.36°F 2970 + 111 F
Cd 25 + MM (8) 393z 4+ 077 1488 + 1.77° 2704 +1.33°

ALT, alanies aminzcranslerese, AT, aspartace aminctraes lerases, G, cadmiem; (U, ncarmational aoics, MIM, rmoltmmiscore.
MOTE: Hesules are exprezeed as mean values + standard ermver of the mean. Mezn values within the same celumn dhat zre nocisllowed
by a comman letcer are significanchy different (b < 05 owo-way ANOYA followed by Duncan's test),

Table 5. Renal parameters of rats expoved 0 a Cd-containing diet (0, 5. or 25 mgfhkg) without or with multimizore
{+ MMy during 30 days

Relative weight d concentation d rerined ALAD acrivigy
Group (i) imgtg bow ] (ug'g) (% of total intake] {nmal PRBG R mg protein)
d 0N 387 + Q107 G0 + 0017 n.d. 209 + 04
Cd QMM 3150 | 004° o008 1 00l ° n.d 221 1 0az?
od 3 (8 373+ 003 23+ 0437 G231 + 007" 206 + 0137
Cd 5+ MM (8 367 | 008* 412 | 034° 0172 1 0013 207 1002°
d 25 (7) 7L oale” 385 | 0827 G2 | 0008" 168 1 004"
Cd 25 4 MM (8 353 + 008" 1348 + 038° Q102 + 0.004° .60 + 008"

bowe, body weight ALA-D, é-aminolevulingte dehydietase; MM, multmixture: nod.. nos determined since the €4 concentradon in 2d 0
diers was lower than the dececrion limic (003 pg'z) PEC, porphaobilinogen.
MOTE: Besults are expressed as mean values + stendard arrar of the mean. Mean values followed by diffeirent letzers within the same

column are significandy ditterent (b < 05; two-way AMOYA followed by Duncan's cestl.

fremyg ohserved inammals that recerved 25 mgr Ud o eapecially chnldres G e o theie gt digtary Niher
i 050 Table 2 I adduiion, MM reduced the renal  and muneral content, 10 s possible il MM reduces
Cil comcentration enly in animals that received 5 med the ahsorption of heavy metals.

R Cd e 05; Table 50 ANONVA also revealed g sig- Ihe imclusion of MM mainly mereased the comen
nleant Cd o MM omteraction on the fenen of Cdo ool dietary Ober and minerals ol diets and coosed lodle
retnined (nercent of inmke) in the kidney. The finction  reduction in the caloric wvalie. This finding was
ol Cd that was retwined i the kidney deercased with expecied, sinee provious stodics reported ngh levels
the inercase of Cd in the diet (@ -+ 05, Table 23 More-  of these constituents in M 510 The high level of
aver, MM reduced the fractinn of Cd retaired in the  Cnin MM is due ta epo-shell powder.!” while the hizh
kidoey only me the anonoals that recerved 5 mw'he  levels of digtary Nber, phosphorus, and magnesnon
Cd (p = 0% Table 51 Dictary Cé (25 makg) inhib-  are mainly due to cereal brans,"™ which ameunted to
ited renal ATA-TY(p < 051, hut no effect of MM was  50% of the MM used.

abserved o ALA-L activily [ Table 5). Adthough the BLY used 1nour experiment represenls
the average dietary intake of children at notritiemal
. \ risk, it presentzd a pond halonce of energeric
Discussion nutrients (lipds, protem, and carbobyvdeales made up
Stratcgics o diminish Cd absorption are highly  ahowt 245, 205, and 36% of dietary caloric vahe,
desirnhle, especially where Cd exposure due o envi-  respectively) in accordance with dietary recommen-
ropmental conlamnaton i osill nevitable, MM are  dations from the American Institute of Nutrition for
dictary supplements widely vsed in Brazil to improve growing rodents. ™ The levels of phosplorous,
the nutrional slatus ol low-meome populations,  magnesion, o, and e n the BD also met the
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recommendations for erowing rats”" However, morc
than 5005 of the BT was composad of foods with low
putritenal value  (refined cereals and sugors)
Morzover, the BLY was poor wnealeoamm (2857, copper
(78%) and mangnnese (7990 as compared @ the
reeonunendation lor s " MM suppleneniation
mercascd copper and manganese comtenmts of dicts to
levels recammended for rats. [Towever. it increased
1.33-fold the caleium level of dicts, which was still far
from the recommended Ca level, Specific studies
regarding MM and mineral boavalability are scarce
and have revealed that MM may Tunchon as o diclary
srurce of minerals when given as a supplement in a
utriticmally delieient diet ™ Thus, mour slady.
MM could possibly bave onproved e copper, min-
gangse, and calcinm halance, The BT was used to
simulate the same notritional eonditions of popula-
tions that use MM, which arc known to have dictary
deficiencies.™ A recent paper demonstrated that the
vse ol the B i growing Wistar rais cansed a redue-
fion in weight gain (230 lower) when compared to
comral rats fed the American Tnstinnte of Momition
diel lor growing rodents. ™ Mutriional deliciencies
may inereass Cd oabsomption and tosicity, which
wonlld  render  low-numitioral  smams populations

particularly al sk Tor Cd caposure =

The redvetion of feed intake, bodwy weight gain, and
feed efficiency mtio after exvposure to 25 mphe Od
contrasts with previous studies," " where a similar
Cd dosc had no such officct, This discrepancy proba-
bly vecurred because the previous studies used adult
ruls and’or cmployed more numonally  balaneed
diets. "™ Younser animals are known to he mare sus-
cophible w Cd wosweity. and poorer nuloiienal ducls
Lnereass Cd .u.lu.*uuily.2 Although MM inercasod diclary
fiher and mineral content nfthe diet. it did nor prevene
Ll elleets on feed mtake, body werght mao, or Feed
cificiency ratio.

The liveris highly atfected ﬁ}'('r.." In the present
study, hiver relalive werghl and plasma ALT and AT
activities were used as indicators of hepatic effects of
Lol e s koewn thal plasma ALT achivily 1s o mere
reprosemtative paraneler ol hepaie wxweity than
AST ™™ Accordingly, we found an increase in plasma
ALT activity nfter exposure o 25 mgde Cd. Studies
Lot rats using duclary Cd also Toud an mwerease m ALT
activity after long exnosure Or ex postire o high Cd
concentatinns,” Along wiath s merense in ALT,
the lower bwer relative weight of rats cxposcd to

25 mp'ke Cd also suggests lver imjury. Howewver,
Lhese alleralions were valy observed i rals exposed

to 25 mp'ke Cd, a dose higher than that observed in
some polluted areas.'™ ™ As ohserved in the feed
ke and growth parameters, MM did ool presem
Ci-mdoeed elfeels on the lver

It is knovwn that the kidnew is eme ofthe negans that
accumuelates tee highest levels of Cd and Cd aecurmu-
lationy in the kidneys can be vsed as an estimate of the
irtestiral ahsarption of Cd."" Accordingly, the renal
Cd concentration mercased with the mercase of the
Cd concentration in the dict. Afier pastrointestinal
absorption, Cd can induce and bind W evstemne-tich
Lswe-rnelevular-werght protemn metallothienein i the
liver; merallothiomein/Cd  complexes  are  slowly
relensed over i Irom e lver and eirculate o the
kidnews,  whene they  contmbuote o mercase Cd
levels. ™™ Assuming the high cvsteine content in the
metallothionein molecule. it s possihle that this
protein can scquester a high percentage of this toxic
meml ininert compleses, malong ir less availahle o
mleract with sensitive organelles and emeyme sys-
toms. In contrast to the renal Od concentration, the
fractional (Y2} Od retention in the kidnevs decrensed
wilh the merease ol Cd mothe dicl Tlos 15 moagree-
ment with previons shadies in mice' and mts™ and
cold he relared to a samration of meral ahsorprion
al (he lugher dictary level as proviously reported Lo
Ca and Zn™"' The values of renal Cd concentration
and fractional Cd retention found in the present sty
are higher than walves provieusly reported  after
crposurs tooa 5 meke dict under similar conditions
(2 gy and 0.13%, respectively).™ This discrepancy
probubly vccurred beeawse the previvus sludy used o
more halanced diet. Tn addition, other arthors foond
a lower renal Cd coneentralion aller cxposune o 3 and
2itmegke diel (2 and b ope'e, "c.:.pLt:_'li'.-t'ly}_":" which
may he related to the sounger age of rats used in the
present study. B caused o small redoeton iooe Cd

concentration and fractional Cd accwmulation i the
kidnes af rats fed 5 mpdp Ol

The reduction ol renal Cd deposibon o rals led
> mpky Cd oplus MM probably oceurred because
MM contains o hugh level ol cerzal brans that may
dimumish mesunal absorpion of Cd The allimiy of
cereal hrans or their fractions to Cd has alrendy heen
demonstrared in vien 1717 In oadditiom, o lower Cd
relention was observed when other dictary libers,
sich as cellulose and lignin, were added o the dier
of rats 8.08 1018 known that the dietary fiber of wheat
and rice brans (major MM constituents) confains eel-
lulose and ligmin, 37 which probably corfribured to the
proteciive ellect ol MM, Accordingly, svme studies
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dermnns

ed that diers containing wheat hrn redoce
the hioavailahility or the acenmulation of dietary COd
iy rodenms exposed (o low Cd concentrations. 38-40
Thiese Cd levels are sonndar or lower tan the lowest
Clil dose nsed in the present stady, On the ather hand,
additien ol MM inereased the Ca content ol diets, 1
15 howewn Wt oan mereased Ca, ey or £oonlaks
reduces Cd absorption and retention in manmals.™’
Mutritional deficiencies of S, Fe andior Cn seem 0
carrelate with a slower intestinal fransif tme 1n mis,
increusing Cd absorplion. T owas also Tound tat Cd
furnover rate 15 decreascd with these nurritional defi-
ciencies, leading o an increase in the Cd remined by
vartous ral organs T Adthougl the merease of dwclary
Uy oconeenialion dnggercd by MMOowas smwll
(33%0), it could have confributed to reduce the renal
Cd pecumulation in rats exposed to 3 mplg Cd On
the other bamd, the merease ol be and Sooan the MM
diet was much lower (around [078), Furthenmore, dif-
terent from that observed for Ca, the Fe and Zn levels
i the T met rhe dierary recommendation for s,
which makes it unlikely that thess metals contribnred
(o reduee the renal Cd accomuolaton o MA-treated
mts. It is alsp important t mention that an exposire
tr high levels of Znoor Co may induce the synthesis
ol metallothionenn Al wlach s koown W detoxily
33 Tlowevern innour shady, Whe 1nerease ol Znand
Cu levels wriggered by MM is unlikely to induce an
increase in the svnthesis of memnllothinmein.

In conreast 1o thar ohserved inoras exposed
5k, MM did nod clange renal OO accurnulation
aller caposure W 25 mgkye, To caplain Qs pesult, we
nropose that the M fher sites available to hind Od are
liobed and ooy bave boen saturaied al the loweest Cd

coneentration, Thus, when the Cd coneenimlion was
incransed, no further binding was possible and therefors
accmmulatn was nol prevenled al the lnghermetal dise.

Althomgh the kidnevs acoamlate Cd, the Cd expn-
surc scheme uscd apparcently did not induce pross
changes in renal function, si wi did not find
changes in the relative weight nr in plasma crearinine

1wy

lewels, In Facl wvarows stodies have ondhealed that

renal myury ocours valy alter longer perods or ighie
levels af expasure o O than those used in the present
study."¥ Hewever, we found an inhibition of renal
ALA-D aclvily aller exposurs o 25 mg'ke Cd
ALA-D 5 a sulthydryvl-containing cnzyvme of home
biosynthesis. ™ It is extromely scnsitive to situations
associated o onidative stress in the lver, Kidney,
nlond. and hrain of rars™"?
strlted W be inhibited aler Cd exposure both i vito®

ard has heen deman-
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and in vivo® AT AT irhibition by this higher dnse
may he related o the incapacite of the Tiver and kid-
niy 1o imdueing metal lotionemn syithests mothe quan-
[y meeessary W prevenl reng] lesie ellecls, Thos, the
frea metal would he available 40 cmse kidney dom-
age, ™ MM had no protective ellect against the
Cd-mediated ALA-DY inbabuolion, wingh 1s i congru-
cnee with its absence of cffect on renal Cd acenmula-
tion at the highesr dietary O level.

'he 1317 used in this stady hod higher diegtary tiber
content tan recormmended by the Armcrican Instilule
of Nutrition for growing rodents,”” which could have
contribured @ the low effect of MM on Of accomnla-
bon Therelore, nowould be unportam e conduct
othier studies oo the ellvet of MM oo Od wosiely m
animals that are receiving o low-fiber diet

In conclusion, the complex cereal bran mixture
(PR i mob 1
cxposure to a high Cd concontration (25 modke dict).
Although we did not deteet any biological damage
after expnsire 1o 5 mp'kg O, the finding that MM
decreased renal Co accuomulation after exposure o
s Low Od dose (5 medse diel) s inleresing smes
this dose 15 similar to levels of human exposure in
somie polluted arens. Considering that the half-life
ol Cd e the orgaism is elevaled (up Lo 26 years
hurmans b a Long peried ol esposure o low Od levels
may poss a risk, cspeelally for populations with nutri-

tuce Ol oretention or ellecls al
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tiomal deficiencies. In this context, the inclision of

MW as asoupplement in a nemritionally deficient dies
could help 1o reduce Cd aceumulalion. Howewver, (L
15 imporiant wocmphasiee that the MM oclTeet on Cd
renal accomulation was minor, Farthermore, the com-

posttien ol MM may vary aceendig e the region of

U vountey and o Uns study we evaluated te ellect
of a fiber-rich MM that is used in the southem region
al Braal, 10 weonlad alsa be

rlanl Loy comuct alber
studies psing MM with dillerent composibions ancd
longer exposure tines o low levels of Cd in order

to determine whether MM could prevent Cd toxicity.
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Summary: Dietary fiber can affect Cd absorption and toxicity, but the effect appears to
depend on the type of dietary fiber. The aim of the present study was to compare the effect of
dietary sources containing distinct amounts of soluble and insoluble fiber on Cd absorption,
accumulation and toxicity in growing rats. The absorption of essential macrominerals (Ca, P
and Mg) was aso evaluated. Animals received a nutritionally balanced diet with cellulose (cel
— control), wheat bran or flaxseed as the fiber source with 0 or 50 mg Cd kg diet, during 30
days. Cd exposure reduced body weight gain, feed efficiency ratio, epididymal fat relative
weight and liver relative weight, and increased plasma alanine aminotransferase activity in all
fiber groups. The apparent Cd absorption was similar among Cd-groups, but the flax-Cd
group had a higher hepatic and renal Cd concentration. Cd decreased the absorption of Ca and
P, and increased Mg absorption in the wheat bran and flaxseed groups, but not in the cel
group. Although the different fiber sources investigated had no effect on Cd toxicity, the
major soluble fiber source, flaxseed, increased Cd retention. Thus, caution should be taken in
the intake of flaxseed by Cd-exposed populations.

Keywords: Cadmium, dietary fiber, phytates, macrominerals absorption
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Introduction

Cadmium (Cd) is a potentially toxic metal that is very dangerous because of its long
half life in the environment and in animal tissues. Although natura activities such as forest
fires, fossil fuel combustion and volcanic activity contribute to increase Cd in the
environment, its industrial applications (Ni-Cd batteries, paint stabilizer, phosphate fertilizer,

among others) have the highest contribution to this process.?

Many organs are affected by Cd toxicity, such as the kidney, liver, lung, testis, brain,
bone, and blood system.>* The kidneys and liver have received the most scrutiny in this area,
because they are the major sites for Cd accumulation.®>® Plasma aanine aminotransferase
(ALT) activity is frequently used as an indicator of Cd hepatic injury.®® In addition, as Cd
induces oxidative stress,° some endogenous antioxidant molecules, such as non-protein thiol

groups (NPSH), are measured to estimate Cd effects. "

The diet is the main source for Cd exposure in non-smoking and non-occupationally
exposed populations.** Gastrointestinal uptake of Cd may be as high as 37% in children,
compared to about 5% for adults."® The absorption of cadmium in rats also depends on age,
being higher in younger animals.* In addition, the rate of cadmium absorption depends on the
nutritional status of the individual and on the constituents of the diet, such as essentia
minerals and fibers. When the nutritional status of Ca is low, Cd absorption will be
enhanced.™ Conversely, the large intake of Ca protects against the absorption, accumulation
and toxicity of Cd.™ Cd also affects the biological function of minerals as has been shown for
Ca among others.’® Besides minerals, dietary fibers also appears to affect Cd absorption and
toxicity. In vitro studies have demonstrated that dietary fibers are able to bind Cd.'"*°

However, in vivo studies on Cd accumulation are scarce and have shown diverse results

depending on the type of dietary fiber used.”?%*
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Most studies involving the effect of dietary fiber on the absorption of minerals concern
essential minerals. In these studies, results are varied and fibers have been shown to have
negative effects or no effect and even to increase the absorption of essentia minerals,
depending on the experimental conditions and on the fiber source evaluated. Insoluble dietary
fiber (IDF) fractions usually decrease mineral absorption, while soluble dietary fibers (SDF)
have a more variable effect and have been shown to increase absorption.”?® However, due to
the complex composition of the food dietary fiber fraction, generalizations should be avoided,

making it important to evaluate the effects of each source of dietary fiber.

Because most of people consume large amounts of refined foods, which usualy have
low levels of fibers, they sometimes make use of dietary fiber supplements. Wheat bran and
flaxseed are among the most used dietary fiber supplements nowadays. Wheat bran contains
around 45% total fiber and most of it (approximately 85%) is insoluble fiber.?* As other
brans, wheat bran is rich in phytates, which have high affinity for many metals.*® In vitro and
in vivo studies have demonstrated that wheat bran has higher affinity for metals compared to
other fiber-rich products.®* Flaxseed has been used as an edible grain in different parts of
the world since ancient times. Lately, there has been a resurgence of flaxseed use, because it
is a valuable source of w-3 fatty acids, fiber and lignans with beneficial health effects.®® Its
content of dietary fiber is high, generally above 30% total fiber, of which approximately one-
third consists of soluble dietary fiber.?®?" Despite the high fiber content of flaxseed, studies
about its effects on the absorption or accumulation of metals are scarce and only concern

some essential minerals.?8%®

The aim of the present study was to compare the effect of dietary sources of distinct
amounts of soluble and insoluble fiber (wheat bran or flaxseed) on Cd absorption,
accumulation and toxicity in growing rats. The absorption of essential macrominerals (Ca, P

and Mg) was aso evaluated in order to elucidate the observed effects.
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Materials and methods

Diets and treatments

The diets were prepared according to the rodent diet from the American Institute of
Nutrition (AIN),* by whole substitution of the standard fiber (microcrystalline cellulose,
Labsynth, Brazil) with wheat bran (bran groups) or flaxseed (flax groups); the control group,
which used cellulose as the fiber source, was denominated “cel group” (Table 1). Food grade
wheat bran and flaxseed were obtained at the local market. Wheat bran was sieved (20 mesh)
and toasted. Flaxseed was ground and partialy defatted with n-hexane. These ingredients
were finely ground until the particles were smaller than 30 mesh. The proximate composition
and dietary fiber content of wheat bran and flaxseed were evaluated as described below. The
amount of bran and flax used in each diet was calculated to yield the same content of total
dietary fiber as that found in the Cel-diet (5%). Protein, oil and starch content were balanced,
according to the levels of these constituents in wheat bran and flaxseed, to ensure the same
levels in all diets, in order to obtain isocaloric diets. The amount of sucrose, mineral mix,
vitamin mix, choline and methionine were the same in al diets according to AIN-93 (Table
1).

Each of the three diets was formulated both as Cd-free and with 50 mg Cd/kg diet,
yielding six experimental groups (Table 2). For the contamination of the diets, cornstarch was
mixed with an agueous solution of CdCl, (analytical grade, Merck, Germany), dried at 40°C,
ground and used as an ingredient. The Cd-free diets received non-contaminated cornstarch
and the Cd diets received a mixture of non-contaminated and contaminated cornstarch to

ensure 50 mg Cd/kg diet. The amount of Cd in the diets was checked by ICP OES (Table 2).

Animals and experimenta protocol

This study was approved by the Ethics and Animal Welfare Committee of the Federal
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University of Santa Maria (23081.005772/2006-84). A total of 42 male Wistar rats (3 week-
old, weighing, 62.4+0.2 g body weight) were randomly distributed among the six
experimental groups and fed with the different diets (Table 2) during 30 days.

The animals were individually housed in metabolic cages and kept under controlled
conventional conditions (temperature 21+1°C, 12/12h light-dark cycle) and had free access to
drinking water and diet during the experimental period.

The feed intake was checked daily and the body weight of animals was obtained every
five days. These data were used to determine the feed efficiency ratio. Feces were
guantitatively collected in the last days of the experimental period (from the 18" to the 29"
day), when the animals were well adapted to the diets. Feces were dried, ground and stored
for mineral determination.

At the end of the experiment the animals were weighed, anesthetized with ethyl ether
and killed by cardiac puncture, and the blood was collected for subsequent quantification of
plasma alanine aminotransferase and creatinine. The liver and kidneys were removed and
weighed. Part of the liver and the right kidney were homogenized with saline solution and
centrifuged at 3,000 x g. The resulting supernatants were used for determination of non-
protein thiol group levels. The left kidney and the other part of the liver were frozen for
subsequent determination of the Cd concentration.

Anavtical procedures

Chemical composition of wheat bran, flaxseed and diets

Wheat bran, flaxseed, and diets were analyzed as described by AOAC™! for moisture (method
925.10), ash (method 923.03), fat (method 945.39), and crude protein (method 960.52, N x
6.25, microkjeldahl method). Total and insoluble dietary fiber contents were determined by
the enzymic-gravimetric methods 985.29 and 991.42 and soluble dietary fiber content was

calculated by difference.® All the enzymes used in chemical analysis, Termamyl 120L°

(amylase), AMG 200° (amyloglycosidase) and Alcalase 2.41.° (protease), were provided by
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Novozymes Latin America Ltda. Available carbohydrates (nitrogen-free extract, NFE
fraction) were calculated by difference, as follows: [NFE fraction % = 100 — (moisture% +
crude ash% + crude fat% + crude protein% + dietary fiber%)]. The energetic value was

calculated using the factor 9.0 kcal/g for lipids and 4.0 kcal/g for protein and NFE fractions.

Phytate determination

The samples of microcrystalline cellulose, wheat bran and flaxseed used to prepare
diets were totally defatted and duplicates were used for phytate determination according to
Latta and Eskin.*® Phytate content in each diet was calculated from the results obtained for

fiber sources.

Determination of minerals

Essential minerals were determined in the diets and feces, while cadmium was
determined in the diets, feces, liver, and kidney after digestion using a system with
concentrated HNO3 at 140°C for 2 h. Measurements by ICP OES were carried out using a
Model Spectro Ciros CCD (Spectro Analytical Instruments, Kleve, Germany). A cross-flow
(Spectro) nebulizer coupled to a double-pass glass spray chamber (Spectro) was used. The
wavelengths monitored for cadmium, calcium, magnesium and phosphorus determination
were 214.438, 317.933, 285.213, and 178.287 nm, respectively. Analytical determinations

were made directly in sample digests or after adequate dilutions when necessary.

Results of rena or hepatic Cd were expressed as Cd concentration (ng/g) and Cd
retained in the organ (% of total Cd intake during all experimental period). Apparent
absorption coefficients were calculated as the difference between the dietary intake and the
fecal output divided by the dietary intake in the feces collection period. The results were
expressed as the relative mineral absorption (% of total intake) and the absolute apparent
absorption (net absorption), which was measured as mg absorbed per g of the average body

weight during the feces collection period.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

82

Plasma creatinine and alanine aminotransferase

Plasma creatinine and alanine aminotransferase (ALT) were measured using routine

laboratory kits (Doles reagents, Goiania, GO, Brazil).

Non-protein thiol groups

L ow-speed supernatant fraction of liver or kidney was mixed with 10% trichloroacetic
acid (1:1, v/v), followed by centrifugation and neutralization of the supernatant (at pH 7.5)
with 1 M Tris. Non-protein thiol groups (NPSH) were immediately determined as described

by Ellman® using a standard curve of cysteine.

Statistical analysis

Results are presented as the meantstandard error of the mean. Data were analyzed by
two-way analysis of variance. Post-hoc analysis was carried out using Duncan’s test (P<0.05).

The software used for the analysis was Statistica 6.0 for Windows.

Results

Composition of diets

The composition of fiber sources and experimental diets are presented in Table 1. The
experimental diets were isocaloric and had similar levels of crude fat, crude protein and total
dietary fiber. However, the diets presented different IDF/SDF ratios, due to the different
composition of the fiber sources used; while the cel diet presented amost 100% IDF, the
IDF/SDF ratio of wheat bran and flaxseed diets were 11 and 2.6, respectively. The level of
phytates was approximately 2-fold higher in the bran diet than in the flaxseed diet, due to the
higher content of this constituent in wheat bran. In contrast, the cellulose diet had a very small
amount of phytates. Experimental diets had a similar calcium content, but wheat bran and
flaxseed diets had higher P (1.4 and 1.2-fold, respectively) and Mg (2.2 and 2.0-fold,

respectively) content as compared to the control diet (cellulose).
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Growth parametersin rats

Table 3 presents results concerning growth parameters in rats. At the beginning of the
experiment, al rats had similar body weight (data not shown). All the animals survived the
experimental period regardless of the treatment. Wheat bran and flaxseed diets per se had no
significant effect on the growth parameters of rats as compared to the control diet (cellulose).
The feed intake was reduced by Cd in the control diet and in the flaxseed diet (p<0.05).
However, when wheat bran was used as the fiber source, Cd had no significant effect on feed
intake. Cd exposure reduced the body weight gain of rats (p<0.05), but this reduction was less
accentuated when wheat bran was used as the fiber source as compared to cellulose (control)
and flaxseed. Cd exposure also reduced the feed efficiency ratio of the animals (p<0.05), but
no effect of fibers was observed on this parameter. Cd exposure decreased the epididymal fat

relative weight, and this decrease was higher in the flaxseed diet (p<0.05).

Hepatic parameters

Hepatic parameters are shown in Table 4. Wheat bran and flaxseed diets had no
significant effect per se on the hepatic parameters of rats as compared to the control diet
(cellulose). Cd exposure decreased the relative weight of liver (p<0.05), regardless of the
dietary fiber source. The hepatic Cd concentration was lower than the detection limit (0.1
ny/g tissue) in the liver of rats fed the Cd-free diets, and ranged from 10.9 to 13.7 ng/g in the
rats fed the Cd diets. The flax-Cd group had higher liver Cd concentration when compared to
the bran-Cd group (p<0.05). Cd retained in the liver (percent of total intake) was also higher
in the flax-Cd group, being statistically different from the cel-Cd and the bran-Cd groups. Cd
exposure increased plasma a anine aminotransferase activity (p<0.05), but no effect of dietary
fiber was observed on this parameter. The hepatic content of non-protein thiol groups was

similar among all experimental groups.

Renal parameters
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Table 5 shows results concerning renal parameters. Wheat bran and flaxseed diets had

no significant per se effect on the renal parameters of rats as compared to the control diet
(cellulose). Cd exposure did not affect the relative weight of kidneys. Renal Cd concentration
was lower than the detection limit (0.1 ng/g tissue) in the kidneys of rats fed the Cd-free diets,
and ranged from 16.2 to 20.9 ny/g in the Cd-groups. The renal Cd concentration and the
fraction of Cd that was retained in the kidneys (percent of total intake) were significantly
higher in the flax-Cd group as compared to the other Cd groups. All experimental groups had

similar plasma creatinine levels and renal non-protein thiol groups.

Mineral absorption

Results relative to mineral absorption are presented in Figure 1. Wheat bran and
flaxseed diets had no significant per se effect on the relative or net apparent absorption of Ca
as compared to the control diet (cellulose). However, Cd decreased the relative (percent of
total intake) and net Ca absorption in rats fed with wheat bran and flaxseed, but not in rats fed
with the control diet. P absorption, when expressed as the percent of total intake, was reduced
by the wheat bran diet (p<0.05), but not by the flaxseed diet, as compared to the control diet.
In contrast, the net P absorption increased significantly in the flaxseed and wheat bran diets
when compared to the control diet, with the wheat bran diet having the highest values. Cd
exposure decreased both the relative and the net P absorption in rats fed with wheat bran and
flaxseed, but not in rats fed with the control diet. Comparing the different fiber sources, we
observed that the relative Mg absorption was lower in the wheat bran and flaxseed diets than
in the control diet (p<0.05). However, when Mg absorption was expressed as net absorption,
wheat bran and flaxseed diets had higher values as compared to the control diet (p<0.05). Cd
treatment did not affect Mg absorption in the control diet, but increased the relative absorption
of Mg in the wheat bran and flaxseed diets (p<0.05) and the net Mg absorption in the wheat

bran diet (p<0.05). Cd absorption was calculated only for the Cd groups, because Cd levelsin
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the Cd-free diets were lower than the detection limit (0.1 ng/g). The relative absorption of Cd
ranged from 11 to 13% and the net absorption from 6.3 to 8.1 ng/g body weight in the period

and no significant differences were observed among the diets with different fiber sources.

Discussion

Since the diet is the main source of Cd exposure in non-smoking and non-
occupationally exposed populations,®* it is important to identify foods or food constituents
that could reduce or increase Cd absorption and toxicity. In the present study, we investigated
the effect of wheat bran and flaxseed, food sources with a high content of fibers and phytates,

which potentially bind metals.

Although some wheat varieties and flaxseed have been identified as Cd-accumulating
plants,? the Cd concentration in the wheat bran and flaxseed used in experimental diets of the
present study was lower than the detection limit (0.1 ng/g). Therefore, in the present study

wheat bran and flaxseed did not contribute to the Cd levels of diets.

In this study, a 30-day treatment with a balanced diet containing 50 mg Cd/kg reduced
feed intake, body weight gain, feed efficiency ratio and epididymal fat relative weight. In
previous studies with somewhat higher dietary Cd levels areduction in body weight and feed
intake was also observed.®** Epididymal fat weight is used to measure adiposity in rodents™
and its decrease is in agreement with the lower body weight gain of Cd-exposed rats. The
wheat bran diet prevented Cd effects on the feed intake and on the body weight gain, but did
not prevent the reduction in the feed efficiency ratio and epididymal fat relative weight. Since
the wheat bran diet was unable to prevent other effects of Cd, we propose that its protection

against Cd-induced body weight loss is related to its ability to prevent the reduction of feed
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intake induced by Cd. Wheat bran may have masked the metallic flavour leading to increased

palatability of the Cd diet.

We observed lower liver relative weight after Cd exposure, which is in accordance
with other studies.®**’ Liver Cd accumulation ranged from 12 to 14 pg/g tissue, which is in
agreement with previous findings.>® Furthermore, we observed that liver Cd concentration
and Cd retained was higher in the flax-Cd group than in the other Cd-groups. A previous
study showed that dietary supplementation with soluble fibers, such as alginic acid, pectin,
agar and carageenan, increased deposition of dietary Cd in the liver and kidneys of rats.?
Similarly, sugar-beet fiber, which is rich in soluble fiber, increased Cd retention in liver and
kidneys as compared to wheat bran fiber.” In our study, the higher accumulation of Cd in
groups that received flaxseed as the fiber source may be attributed to its higher level of
soluble fiber when compared to cellulose and wheat bran. It is known that some
carbohydrates, such as soluble fiber, may ferment in the large intestine leading to an increase
in the absorption of essential minerals either due to acidification, ionic exchange or phytate
hydrolysis.*®3 A similar mechanism may have contributed to the effects of flax soluble fibers
on Cd retention, since previous studies demonstrated that flaxseed is a highly fermentable
fiber source.™® Despite the higher Cd retention in the flax-Cd group, we did not find a higher
apparent Cd absorption in this group. However, feces collection for evauation of Cd
absorption occurred only between the 18" and the 29" day of the experiment. There is
evidence that an expressive amount of endogenous Cd is excreted into the gastrointestinal
tract, mainly via bile>* Thus, it is possible that the higher Cd accumulation in the flax-Cd
group could lead to higher gastrointestinal excretion of endogenous Cd, which could have

masked flaxseed enhancement of Cd absorption.

On the other hand, the bran-Cd group showed liver Cd retention similar to that of the

cel-Cd group. Many studies have demonstrated that diets containing wheat bran reduce the
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bioavailability or the accumulation of dietary Cd in rodents, but al of these diets had lower
Cd levels than those of the present study.”***® Thus, it is possible that the inefficiency of
dietary wheat bran to prevent Cd effects in our study was due to the fact that the Cd level

exceeded the binding capacity of the wheat bran.

It is known that plasma ALT activity is a representative parameter of hepatic toxicity.
We found an increase in ALT activity in al Cd-groups, as found in previous studies on Cd
exposure.>*% Therefore, wheat bran and flaxseed had no protective effect on liver relative
weight or ALT activity. Although Cd is known to have high affinity for endogenous thiol
molecules,” in this study, we found no change in hepatic NPSH levels after Cd exposure.
Other authors also found no change in NPSH levels after oral Cd exposure during 30 days.*

The fiber sources had no per se effect on hepatic NPSH levels.

The Cd concentration (16 to 21 pg/g tissue) and Cd retained (0.05 to 0.07%) in
kidneys isin agreement with previous results in rats.>** Although the kidneys accumulate Cd,
the Cd exposure scheme used apparently did not affect their functioning, since we did not find
changes in the relative weight or NPSH levels in this organ or in the plasma creatinine levels.
In fact, various studies have indicated that renal injury occurs only after longer periods or
higher levels of exposure to Cd than those used in the present study.®® This finding may be
related to the protective role of renal metallothionein against Cd nephrotoxicity.* As
observed in the liver, the flax diet also increased renal Cd concentration and retention, which

may be related to the higher amount of soluble fiber, as discussed above.

It iswell known that Cd may reduce calcium absorption and utilization in humans and
other mammals.>* In addition, the utilization of other minerals such as P is also affected by
Cd.*® In our study, dietary Cd reduced the relative and the net apparent absorption of Caand P
in the bran and flax groups, but not in the cel group. In contrast to cellulose, wheat bran and

flaxseed contain expressive amounts of phytate. Each phytate molecule has up to 6 P atoms,
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which yielded a higher P content and is probably responsible for the higher net P absorption
in the wheat bran and flaxseed diets. Phytate is known to form a complex with Ca, reducing
its absorption.?* This mechanism could be involved in the interaction of Cd with the wheat

bran and the flaxseed diets to reduce Ca and P absorption.

As observed for Ca, Cd affected Mg absorption in the wheat bran and flaxseed diets,
but not in the control diet. However, contrary to that which occurred for Ca, the apparent Mg
absorption (relative and net) was increased by Cd in these groups. Therefore, we propose that
Cd effects on Ca and Mg absorption have common mechanisms. Phytate can bind to both Ca
and Mg, but Mg absorption seems to be less affected by phytates.*® Rats given Cd and
phytate-containing diets (wheat bran and flaxseed) had lower Ca apparent absorption,
probably due to its binding to phytate. Thus, less phytate sites would be available to bind Mg,
allowing more free Mg for absorption.

Cd toxicity has been related to disturbances in the utilization of minerals and bone
metabolism.>**® Our results indicate an interaction between Cd and diets with different fiber
sources on Ca, P and Mg absorption and phytates were probably responsible for this effect.
We found no previous study on the effect of phytates on Cd absorption and toxicity. Results
of the present study do not allow us to accurately identify the dietary component that
interacted with Cd to affect mineral absorption. However, they are of great practica
importance, since they reveal the effects of dietary supplements that are widely consumed.
The observed interaction between Cd and dietary constituents, probably phytates, would be
important for Cd exposure in endemic areas, since it could aggravate Cd effects on mineral
metabolism. Although in the present study the different fiber sources had no distinct effect on
Cd toxicity parameters, results suggest that flaxseed, which has a mgjor amount of soluble
fiber as compared to the other sources, increased Cd retention. This finding highlights the
concern about flaxseed intake in endemic contaminated regions, since flaxseed is aso known

to accumulate large levels of Cd during its growth, compared to other plants.
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Tablel

Energy and chemica composition of sources of dietary fiber and the experimental diets

Dietary fiber sources Diets
Celuose VN pocend Cd-D  BranD  FlaxD
bran
Corngtarch (%) - - - 52.9 50.6 52.4
Casein (%) - - - 20.0 184 17.3
Sucrose (%) - - - 10.0 10.0 10.0
Soybean oil (%) - - - 7.0 6.6 6.4
Cedlulose (%) - - - 5.0 - -
Whest bran (%) - - - - 10.1 -
Flaxseed (%) - - - - - 9.6
Mineral mix (%) - - - 35 35 35
Vitamin mix ® (%) - - - 1.0 1.0 1.0
L-Cystine (%) - - - 0.3 0.3 0.3
Choline bitartrate (%) - - - 0.25 0.25 0.25
TBHQ ° (%) - - - 0.0014 0.0014 0.0014
Energy (kcal %) - 161.1 184.5 374.6 372.0 371.7
Moisture (%) 3.8 15 16 74 7.4 7.3
Crude ash (%) 0.0 6.1 55 2.8 35 35
Crude fat (%) - 4.3 6.7 6.8 7.0 7.0
Crude protein (%) - 15.9 28.7 174 174 17.2
Dietary fiber °
TDF (%) 49.3 52.2 4.7 4.8 5.0
IDF (%) 93.9 45.6 38.18 4.6 4.4 3.6
SDF (%) 1.9 3.7 14.02 0.1 0.4 14
Phytate (%) 0.1 8.3 4.4 0.005° 0.8° 0.4°
NFE fraction (%) - 14.7 2.4 60.9 59.2 59.6
Ca (mg%) <20 95.0 310.0 545.1 555.0 574.2
P (mg%) <30 1378.0 928.0 334.6 460.4 416.7
Mg (mg%) <5 504.0 482.0 45.8 100.4 93.2
Cd(ngg? <01 <01 <01 <01 <0.1 <0.1

& Mineral mix (g or mg/kg mix): Ca142.94 g; P 44.61 g; K 102.81 g; Na29.11 g; Cl 44,89 g;

S8579g;Mg14.48g;, Fe1.00g; Zn0.86¢g; Si 0.14g; Mn0.30g; Cu0.17g; Cr0.03 g; B
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14.26 mg; F 28.73 mg; Ni 14.31 mg; Li 2.85 mg; Se4.28 mg; | 5.93 mg; Mo 4.32 mg; V 2.87
mg.
b \/itamin mix (g or mg/kg mix): nicotinic acid 3.00 g; Ca pantothenate 1.60 g; pyridoxine-
HCI 0.70 g; thiamin-HCI 0.60 g; riboflavin 0.60 g; folic acid 0.20 g; biotin 0.02 g; vitamin
B12 2.50 mg; vitamin E 15.00 g; vitamin A 0.80 g; vitamin D3 0.25 g; vitamin K 0.075 g.
“TBHQ - tertiary-butylhydroquinone.
d Dietary fiber: TDF (tota dietary fiber); IDF (insoluble dietary fiber); SDF (soluble dietary
fiber).
®Values calculated from the results obtained for cellulose, wheat bran and flaxseed samples.

" NFE = nitrogen-free extract.
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Table?2

Experimental groups, diets and the concentration of Cd found in diets

Groups Diets Cd concentration*
(mg kg™ diet)
Ce AIN diet with cellulose <01
Cel-Cd AIN diet with cellulose + CdCl, 49.3+ 3.6
Bran AIN diet with wheat bran <01
Bran-Cd AIN diet with wheat bran+ CdCl, 51.2+4.1
Flax AIN diet with flaxseed <01
Flax-Cd AIN diet with flaxseed + CdCl, 49.0+ 35

*Measured by ICP OES.
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Table3

Feed intake, body weight gain, feed efficiency ratio and epididymal fat relative weight of rats fed with different fiber sources exposed or not to

50 mg Cd/kgdiet during 30 days.

Feed intake Body weight gain Feed efficiency ratio* Epididymal fat RW

Group
(9) (9) (9/9) (mg/g body weight)
Cd 455.2 + 14.4 a 1575+ 56a 0.334+ 0.005a 160+ 1.2a
cd-cd 3729+ 10.0b 114.3+55¢ 0.303+0.006 b 127+ 04D
Bran 4760+ 119a 158.3+4.1a 0.327 + 0.008 a 15.7+0.8a
Bran-Cd 4436+ 10.2a 135.3+4.8Db 0.305+ 0.007 b 126+ 0.4Db
Flax 480.1+28.6a 163.3+4.3a 0.343 + 0.006 a 145+03a
Flax-Cd 393.0+89b 115.8+6.2¢C 0.285+ 0.009 b 10.7+0.3¢C

Results are expressed as mean values + standard error of the mean (n=7).

* g body weight gain/g feed consumed.

RW= relative weight.

Vauesfollowed by different letters within the same column are significantly different (P < 0.05, Duncan’ s test).

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

99

Table4

Liver parameters of rats fed with different fiber sources exposed or not to 50 mg Cd/kg diet during 30 days

RW Cd concentration Cd retained PlasmaALT NPSH

Group

(mg/g bw) (My/g) (% of total intake) (IU/L) (umol/g)
Ce 50.1+04a <01 n.d. 82+14b 88104
Cel-Cd 46.2+15b 11.8+ 1.0ab 0.478 + 0.018 b 21.2+23a 91+04
Bran 524+14a <01 nd. 105+1.2b 8.9+04
Bran-Cd 46.5+0.8b 109+ 04b 0.450 + 0.007 b 182+ 0.8a 8.7+0.3
Flax 523+04a <01 n.d. 81+12b 85+04
Flax-Cd 451+13b 13.7+0.7a 0.536+0.019a 173+ 21a 8.8+0.3

RW = relative weight; bw= body weight; ALT= Alanine aminotransferase; U= International Units, n.d. = not determined since the Cd
concentration in Cd O diets was lower than the detection limit (0.1 ng/g tissue).

Results are expressed as mean values + standard error of the mean (n=7).

Vauesfollowed by different letters within the same column are significantly different (P < 0.05, Duncan’ s test).

NPSH=non protein thiol groups.
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Table5

Renal parameters of rats fed with different fiber sources exposed or not to 50 mg Cd/kgdiet during 30 days

G RW Cd concentration Cdretained Plasma creatinine NPSH
roup
(no/g) .

(mg/g bw) (% of total intake) (mg/dL) (wmol/g)
Ce 3.7+0.1 <0.1 n.d. 0.78£0.10 41+0.2
Cel-Cd 36+0.1 16.2+08b 0.052 £ 0.003 b 0.77 £ 0.05 4.4+0.2
Bran 36+0.1 <0.1 n.d. 0.78+0.11 43+0.2
Bran-Cd 37+£0.1 174+05b 0.052 + 0.002 b 0.76 + 0.07 4.4+0.2
Flax 36+£0.1 <0.1 n.d. 0.66 +0.12 40+0.3
Flax-Cd 3701 209+06a 0.067 £ 0.001 a 0.66+0.11 42+03

RW= relative weight; bw= body weight; n.d. = not determined since the Cd concentration in Cd O diets was lower than the detection limit (0.1
ny/g tissue); NPSH = non-protein thiol groups.
Results are expressed as mean values + standard error of the mean (n=7).

Valuesfollowed by different letters within the same column are significantly different (P < 0.05, Duncan’s test).
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Figurel

Apparent mineral absorption (relative and absolute) of rats fed with different fiber sources
exposed or not to 50 mg Cd/kg diet. Results are mean values + standard error of the mean (n=7).
Marked values differ significantly (P<0.05; two-way ANOVA followed by Duncan’s test): *
from the respective control group (same diet without Cd); # from the cel group. Cd absorption of
rats fed Cd-free diets was not determined, because the Cd concentration of these diets was lower

than the detection limit (0.1 pug/g diet).
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Footnoteto page 1

Abbreviations: AIN, American Institute of Nutrition; ANOVA, analysis of variance; ALT,
alanine aminotransferase; bw, body weight; IDF, Insoluble dietary fiber; NFE, nitrogen-free
extract; NPSH, non-protein thiol groups; RW, relative weight; SDF, soluble dietary fiber, TDF,

Total dietary fiber.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

103

4. DISCUSSAO

4.1. Efeitos de Produtos Ricos em Fibra sobre Absorcéo de Minerais Essenciais

As MMs podem ser suplementos dietéticos importantes tendo em vista o seu baixo custo
e a possibilidade de suaincorporagéo a dieta habitual. Embora comprovadamente os ingredientes
utilizados nas MMs contenham grande concentracéo de nutrientes, ha dlvidas sobre o quanto
estes suplementos possam realmente contribuir para o valor nutricional de dietas (Boaventura et
a., 2003; Kaminski et al., 2006). Um aspecto de grande interesse em relagdo as MMs s&o os
elementos minerais tendo em vista que estes suplementos normalmente tém concentragcdes mais
atas de varios minerais em comparacdo com outros aimentos, mas também contém maiores
teores de fibra e de fitato, os quais podem diminuir a absor¢éo dos minerais (Souza et al., 2002;
Ferreira et al., 2005). Assim, os gquestionamentos em relagdo a MMs e minerais envolvem as
guantidades e a biodisponibilidade dos minerais das préprias MMs e também o efeito da adicéo
destes suplementos sobre a absor¢ao dos minerais da dieta como um todo.

Tendo em vista que as MMs podem diferir bastante quanto a sua composi¢éo, NOSso
estudo avaliou a influéncia de trés formulacdes sel ecionadas pel os seus diferentes teores de FA.
O estudo foi em ratos, sendo que 0s animais receberam uma dieta basica (DB, representativa da
dieta média de grupos de criangas usudrias da MM), pura ou adicionada de uma MM, de teor
baixo, intermediario ou ato de FA. Também foi constituido um grupo de animais para servir de
referéncia, o grupo AIN, que recebeu uma dieta formulada conforme as recomendagdes para
ratos em crescimento (Reeves et a., 1993). O grupo AIN ndo foi comparado estatisticamente
com os demais, em face das grandes diferencas de resultados, encontradas em diversas
avaliacles, entre este e 0os demais grupos, o que impediria de detectar possivel's diferencas menos
pronunciadas ocasionadas pela adicdo das MMs a DB, objetivo de nosso estudo. Portanto, a
expressao “ grupos experimentais’ na discussao dos resultados deste estudo refere-se somente aos
grupos alimentados com a DB, acrescentada ou ndo de MM.

A adicdo das MMs no teor de 5% das dietas causou poucas alteragdes nas concentragdes
dos nutrientes analisados. Assim, 0 maior consumo alimentar e ganho de peso apresentados pelos
animais alimentados com a MM de teor intermediario de fibra poderiam estar relacionados a uma

maior palatabilidade desta dieta. No entanto, esta hipbtese ndo explica 0 aumento na eficacia
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alimentar apresentado pelos animais deste grupo experimental. Em funcgéo disto, presume-se que
0s aumentos de consumo alimentar, crescimento corporal e eficacia aimentar apresentados pelo
grupo que recebeu a MM de teor intermediario de fibra na dieta sejam devido a constituintes
ndo-analisados em nosso estudo, como vitaminas do complexo B. A DB continha grande
concentragdo de carboidratos refinados (cereais refinados e aglcares) e, portanto, um aumento da
concentragcdo de vitaminas, especiamente a tiamina, a qual € essencia para o metabolismo dos
carboidratos e também atua no crescimento (Mahan & Escott-Stump, 2002), pode ter melhorado
o valor nutricional da DB.

Embora a absor¢do de minerais tenha sido avaliada em dois periodos, para avaliar se
haveria diferenca de absorcdo em funcdo da maior adaptacdo a dieta, ndo foram observadas
alteracOes relevantes nas absorcoes relativas entre os dois periodos, sendo que a maior absorgéo
absoluta no segundo periodo pode ser atribuida somente a0 maior consumo de aimentos em
funcdo do crescimento natural dos animais. Observando-se a concentragcao de mineral nas MMs,
observase que a MM com baixa concentracdo de fibra, também apresentou a menor
concentracdo de minerais. Além disso, a ata concentracdo de carboidratos refinados (farinhas)
nesta MM, a descaracteriza em relagdo as MMs em geral, mais ricas em fibra e minerais e com
menor quantidade de carboidratos digeriveis (Callegaro et a., 2004; Kaminski et a., 2006).
Portanto, a adicdo de minerais & DB ocorreu quase que unicamente pela adicdo das outras duas
MMs, ade intermediério e a de alto teor de fibra. Quanto aos minerais avaliados neste trabal ho,
pode-se dividi-los em dois grupos. aqueles presentes nas MMs em teores que ndo chegaram a
causar alteracOes em suas concentracOes nas respectivas dietas (Ca e Cu) e agueles presentes nas
MMs em teores mais elevados, que resultaram em elevacdo significativa de suas concentragoes
nas dietas (P, Mg e Mn).

Observando-se os dados de absor¢do do Ca e do Cu, cuja concentragdo nas dietas ndo foi
aterada pela suplementacdo com qualquer MM, percebe-se que, de modo geral, a absor¢éo
(tanto relativa quanto absoluta) foi semelhante para todos os grupos experimentais, indicando
gue quase ndo houve interferéncia das MMs na absor¢édo destes minerais. Com relagdo ao Ca, no
entanto, observou-se uma pegquena diminuicdo na absorgdo relativa (%) causada pela MM de alto
teor de fibra no segundo periodo de coleta de fezes. Presume-se que esta diminuic¢éo na absorgdo
se deu por alguma ligagcdo do Ca com farelos da MM, tendo em vista que aguns estudos ja

demonstraram a ligac8o de Ca pelos farelos de cereais (Idouraine et d., 1996; Harrington et a.,
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2001). No entanto, a pequena diferenca na absorcéo relativa (%) ndo chegou a se refletir em
diferenca na absorcéo absoluta, o que indica que, em nossas condi¢oes experimentais, aMM rica
em fibra ndo chegou a interferir significativamente na absor¢do do Catotal. Ainda assim, tendo
em vista que MMs ricas em fibra podem ser utilizadas em maiores concentraces nas dietas,
considera-se importante que MMs deste tipo também incluam uma fonte adiciona de Ca, o que
j&é praticado pela Pastoral da Crianca em algumas formulagdes, as quais incluem pé de casca de
ovo.

Em relagdo ao P, Mg e Mn, para 0s quais observou-se um aumento significativo das
concentragdes nas dietas pela adi¢do das MMs de intermedi&rio e alto teor de fibra, observou-se
um aumento da absorc¢ao absoluta dos animais, embora tenha havido variagdes quanto aos dados
de absorgéo relativa entre estes trés elementos. Com relacéo ao P, sabe-se que seu aumento nas
dietas se deu principalmente na forma de fitato, tendo em vista que os farelos (principais fontes
do P das MMs de intermediério e alto teor de fibra) contém cerca de 80% de seu fésforo na
forma de fitato (Reddy et al., 1989). Nossos resultados demonstram que parte deste fosforo-fitico
pode ser biodisponivel para ratos, o que esta de acordo com dados de estudos anteriores sobre
absorcdo de fosforo de farelo de cereais (Shah et a., 1990; Lopez et a., 2000; Souza et a.,
2002). No entanto, estes resultados ndo podem ser transpostos para humanos porque, enquanto
os ratos contém fitase no intestino, a qual hidrolisa o é&cido fitico liberando fésforo para
absorcdo, a atividade intestinal da fitase em humanos € muito limitada (Rao & Ramakrishnan,
1986; Igbal et al., 1994). A maior absor¢do absoluta do Mg pelos ratos que receberam a adicdo
das MMs com intermedidrio e ato teor de fibra estd de acordo com estudos anteriores que
demonstraram a biodisponibilidade do Mg de farelo de cereais em ratos (Lopez et a., 2000) e
também em humanos (Reinhold et d., 1976; Sandberg et al., 1982). Além disso, Barbosa et al.
(2006) destacaram arelevante concentragdo de Mg em algumas MMs e nossos dados evidenciam
gue MMs ricas em farelo podem ser fonte importante de Mg. Da mesma forma como observado
para 0 Mg, nossos dados também indicam que as MMs de intermediario e alto teor de fibra,
podem representar fontes relevantes de Mn. Este resultado confirma observagtes prévias de
outros estudos, os quais, avaliando composicdo de diversas MMs, consideraram grande parte
delas fontes potenciais de Mn (Vizeu et a., 2005; Kaminski et al., 2006).

Concluindo, como observado anteriormente por outros autores (Siqueira et al., 2001,

Souza et a, 2002; Ferreira et al., 2005), nossos resultados indicam que MMs podem representar
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uma fonte de minerais tendo em vista que as MMs com maior teor de fibras aumentaram as
concentragbes de P, Mg e Mn nas dietas com conseqiiente aumento da absor¢do absoluta
aparente destes minerais, sem interferéncia na absorcdo absoluta aparente do Ca e do Cu.
Observou-se também, com relagdo ao P, Mg e Mn, que 0 aumento de suas concentragdes nas
MMs — e consequentemente nas dietas- foi diretamente relacionado com os teores de fibra das
MMs, o qual foi relacionado com a quantidade de farelo de cereais nas formulagdes. No entanto,
deve-se ter cautela em transpor estes resultados para humanos, tendo em vista algumas
diferencas bioldgicas entre ratos e humanos, como os niveis de requerimentos de minerais e a
atividade dafitase intestinal. Apesar disto, os resultados deste estudo sdo indicativos de que estes
suplementos de baixo custo podem ser utilizados como fonte de elementos minerais. Ha
necessidade de mais estudos, com diferentes dietas e diferentes formulagbes de MMs com o fim
de elucidar melhor quais dietas requerem suplementacdo deste tipo, bem como as formulagdes e
guantidades de MM que melhor podem contribuir para a melhoria nutricional de cada padréo de
dieta.

No Manuscrito 2 apresentamos os resultados relativos ao ensaio biolégico no qual
comparamos trés diferentes fontes de fibra quanto ao seu efeito sobre a retencéo e toxicidade do
Cd e também quanto a absor¢do dos macrominerais Ca, P e Mg. No presente item discutiremos,
separadamente, o efeito das fontes de fibras sobre a absor¢do dos macrominerais. Portanto, nos
deteremos aos resultados dos grupos néo-expostos ao Cd.

O objetivo do estudo foi comparar fontes de fibra com diferentes proporgoes de fibra
insolivel e solavel. A celulose microcristalina (recomendada para dieta padréo de ratos) foi
substituida pelo farelo de trigo ou pela linhaga como fontes de fibra, sempre visando obter a
mesma concentracdo de fibra nas dietas (5% de fibra alimentar total - FAT). As dietas foram
nutricionalmente equilibradas para ratos em crescimento (Reeves et al., 1993), inclusive em
minerais. A dieta com celulose apresentou fibra quase totalmente insollvel, enquanto as dietas
com farelo de trigo e linhaga apresentaram relagcdo fibra aimentar insoltvel/fibra alimentar
solavel (FAI/FAS), respectivamente de 11 e 2,6.

As diferentes fontes de fibras ndo alteraram expressivamente a concentracao de Ca das
dietas, nem absorcdo aparente do Ca (relativa ou absoluta). Embora alguns autores tenham
observado reducéo da absorcdo de Ca pela substituicdo de celulose por farelo de trigo em ratos

(Harrington et al., 2001), nossos resultados estdo de acordo com outros autores, que em modelo
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experimental semelhante ao nosso, ndo encontraram tal efeito (Shah et al., 1990). Ainda, embora
j& tenha sido observado aumento da absor¢do de Ca pela adicdo de fibras solGveis na dieta
(Younes et al., 2001; Coudray et al., 2003), neste caso, a fibra soluvel da linhaga ndo chegou a
influenciar na absorgdo aparente do Ca. Como destacam Filisetti e Lobo (2007) a absorcéo de
minerais, como o Ca, torna-se importante no intestino grosso (onde FS podem aumentar
absorcdo de minerais) quando a sua absor¢do € mais limitada no intestino delgado, o que né&o
parece ter acontecido neste ensaio, ja que as dietas continham quantidades adequadas de Ca para
os animais.

A substituicdo de celulose por farelo ou linhaga, aumentou a concentragdo de fosforo nas
dietas, proporcionamente a concentracdo de P destes produtos, isto € o aumento foi maior pela
adicdo do farelo de trigo. Observou-se uma diminuigdo na absorgéo relativa (%) nos grupos que
receberam as dietas com maior concentracdo de P, mas, assim mesmo, um aumento da absorcéo
absoluta nestes grupos, denotando que parte do P do farelo de trigo e da linhaga foi absorvida
pelos ratos. Resultados semelhantes, isto é, reducdo da absorcdo relativa acompanhado de
aumento da absorcdo absoluta, foram obtidos por Shah et al. (1990) e Lopez et a. (2000),
utilizando farelos de cereais em dietas de ratos. A concentragio de Mg aumentou
significativamente nas dietas pela substituicdo da celulose pelo farelo de trigo e pelalinhaga. De
forma semelhante ao que ocorreu para o P, 0 aumento da concentracdo de Mg nas dietas refletiu
em diminuicdo da absorcao relativa, mas, mesmo assim, um aumento na absor¢do absol uta deste
mineral. Outros autores também observaram diminuicdo da absor¢do relativa e aumento da
absorcao absoluta do Mg pela adicdo, em dietas de ratos, de produtos ricos neste mineral (Shah
et al., 1990; Tobaet a., 1999).

O aumento da absorcdo absoluta de P e Mg nos animais gque receberam linhaga como
fonte de fibra, ndo parece relacionado com a maior proporgédo de fibra solUvel da linhaga, tendo
em vista que ocorreu semelhantemente nos animais que receberam farelo como fonte de fibra.
Este aumento parece relacionado com o aumento lumina da concentracdo dos minerais do
mesmo modo que parece ter ocorrido no caso das MMs para estes minerais e também parao Mn.

Concluindo, os produtos alimenticios ricos em fibra avaliados em nossos estudos estéo
entre agueles que, ao adicionar fibra, também adicionam minerais as dietas. No entanto,
considera-se importante chamar atencdo para o fato de que estes produtos adicionam apenas

alguns minerais entre aqueles avaliados em nosso trabal ho.
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4.2. Efeito de produtos ricos em fibra sobre a acumulacéo e toxicidade do Cd

Tendo em vistaque adieta é a principa fonte de Cd para popul agdes ndo-fumantes e ndo
expostas ocupacionalmente (WHO, 1992; ATSDR, 2008), e que a meiavida do mesmo é
bastante longa no organismo humano (até 26 anos, WHO, 1992; ATSDR, 2008) € importante
identificar alimentos ou constituintes alimentares que possam reduzir a absor¢do e toxicidade
deste metal. Neste estudo, investigou-se 0 efeito de produtos alimentares ricos em fibra, as quais
potenciamente ligam metais.

No primeiro estudo (Artigo 1) utilizou-se uma MM rica em fibra e também em minerais
essenciais visando avaliar seu efeito em ratos alimentados com uma dieta com algumas
deficiéncias nutricionais (DB, a qua simulava a dieta média de um grupo de criancas
consumidoras de MMs). Os ratos foram submetidos a dois niveis de exposicdo ao Cd.
Considerando as necessidades nutricionais dos ratos (Reeves et a., 1993), a adicdo da MM
melhorou a dieta quanto ao teor dos minerais Cu, Mn e Ca, sendo que o teor de fibrada DB ja
era um pouco elevado e a adicdo daMM causou um aumento adicional deste constituinte. A MM
ndo foi eficaz no maior nivel de exposicdo ao Cd (25 mg/kg dieta), tendo em vista que ndo
reverteu qualgquer dos efeitos causados pelo metal nesta dose (diminuicdo da ingestdo e eficacia
alimentar e do crescimento, dano hepatico ou renal) e ndo interferiu na retencéo de Cd no rim.
No entanto, a MM diminuiu a retencdo de Cd no rim dos animais expostos a 5 mg Cd/kg de
dieta, resultado relevante, tendo em vista que a retencdo de Cd renal € representativa da absorcao
intestinal do metal (WHO, 1992; Lind et al., 1997). N&o tendo sido detectados efeitos toxicos do
Cd nesta dose (provavelmente pelo periodo relativamente pequeno de exposi¢do — 30 dias), ndo
foi possivel avaliar a eficacia da MM neste sentido. Apesar disto, considera-se de relevancia o
resultado obtido, tendo em vista que o0 menor nivel de exposicdo utilizado no estudo se aproxima
de niveis de exposico em algumas areas contaminadas (Whelton et a., 1997; Noel et al., 2004).
Postulaese que o efeito da MM na diminuicdo da acumulagdo renal de Cd tenha sido
proporcionado pelo fato que a mesma adicionou fibras e minerais a dieta dos animais. A fibra
adicionada pela MM se constitui principalmente de fibra de farelo de cereais (trigo e arroz) os
guais podem ter diminuido a absorcdo intestinal do Cd. Estudos in vitro j& demonstraram a
afinidade de farelos pelo Cd (Persson et al., 1991; Ou et a., 1999). Além disso, alguns estudos
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demonstraram que dietas contendo farelo de trigo reduziram a biodisponibilidade de Cd (da
dieta) em roedores expostos a baixos teores de Cd (Moberg et al., 1997; Lind et al., 1998; House
et al., 2003). Por outro lado, tendo em vista que estudos ja demonstraram biodisponibilidade de
minerais essenciais de MMs semelhantes (Siqueira et al., 2001; Souza et al., 2002; Ferreiraet al.,
2005), presume-se que a MM usada tenha mel horado o balanco de minerais da dieta. Sabe-se que
deficiéncias de Ca, Fe e Zn podem aumentar a absorcéo e retencéo de Cd e que o aumento destes
minerais na dieta reduz a absorcéo e retencdo de Cd em mamiferos (WHO, 1992; Reeves e
Chaney, 2008). Neste estudo, provavelmente ndo houve acéo da adicéo de Fe e Zn, tendo em
vista que o aumento das concentragbes destes minerais na dieta, pela adicdo da MM, foi
pequeno, além do fato de que, de acordo com as recomendacdes para ratos (Reeves et al., 1993),
0S Mesmos ja estavam em niveis satisfatérios na DB. A adi¢cdo de Ca pela MM, no entanto,
embora pequena (33%), pode ter ajudado na menor retencao renal de Cd.

Para explicar afatade eficaciada MM em prevenir aacumulacéo rena do Cd e os danos
produzidos pelo metal na dose mais ata (25 mg/kg dieta), propdem-se que as concentragoes
intestinais de Cd produzidas por esta dose tenham ficado acima do ponto de saturacdo dos sitios
de ligacdo da fibra da MM, ocultando o efeito da mesma. Além disso, o Ca adicional do
suplemento que pode ter feito diferenca na absor¢cdo de Cd no nivel de 5 mg/kg de dieta, pode
ndo ter sido capaz de competir com 0 metal pelos sitios de absorgdo intestinal, quando este foi
ingerido em concentragdo maior.

Considera-se importante enfatizar ainda o fato de que a DB usada no estudo apresentou
maior teor de FA (6,8%) do que o recomendado pararatos (5%) (Reeveset al., 1993), o que pode
ter contribuido para o pequeno efeito da MM na acumulacéo de Cd. Neste sentido, considera-se
importante realizar outros estudos para avaliar o efeito de MMs contra a toxicidade do Cd em
animais submetidos a dietas com baixos teores de fibra Além disto, como as MMs séo
formuladas com composicdo varidvel, os resultados obtidos neste estudo ndo podem ser
extrapolados para as MMs em geral. Portanto, consideram-se necessarios estudos com diferentes
MMs, por periodos de tempo mais longos, com niveis de Cd nas dietas compativeis aqueles
encontrados em contaminagbes ambientais, para uma melhor avaliagdo da efetividade destes
suplementos na prevencéo da toxidade do Cd em exposi¢des cronicas.

Foi realizado um segundo estudo com ratos em crescimento para avaliar o efeito de

produtos ricos em fibra em relacdo a exposicdo ao Cd (Manuscrito 2). Considerando as
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diferencas de acdo ja conhecidas entre constituintes sollvels e insolUvels da fibra em relagdo a
absorcdo de minerais (Ruiz-Roso et al., 2001; Filisetti e Lobo, 2007), comparou-se produtos com
diferentes proporcdes de fibra insolGvel:fibra soluvel (farelo de trigo= 11 e linhagca= 2.6). Neste
estudo, objetivando evidenciar melhor o efeito da fonte de fibra em si, trabalhou-se com dietas
nutricional mente balanceadas conforme as recomendagdes para ratos em crescimento (dieta AIN
- Reeves et al., 1993), substituindo-se apenas a fonte de fibra padréo (celulose purificada, quase
totalmente insolGvel) pelas fontes de fibra testadas, mantendo-se similares as concentragdes de
fibras nas dietas. Tendo em vista que a absorcéo oral de Cd diminui consideravelmente quando a
dieta é nutricionamente balanceada (WHO, 1992; ATSDR, 2008), decidiu-se usar uma
concentracdo maior de Cd (50 mg/kg dieta), visando provocar efeitos toxicos detectaveis pelos
parémetros disponiveis em nossas condigdes de trabalho e, consequentemente, comparar as
diferentes fontes de fibra quanto aos seus potenciais em reverté-los. O periodo experimental foi 0
mesmo do ensaio anterior, 30 dias. Realmente, os ratos expostos a 50 mg/kg de Cd neste estudo
apresentaram menores ingestdo de alimentos, ganho de peso corporal e coeficiente de eficacia
alimentar, além de menor peso relativo de gordura epididima (medida de adiposidade em
roedores, Donavan et al., 2009 ) em relacdo aos ratos dos respectivos grupos-controle. A dieta
com farelo de trigo preveniu os efeitos do Cd com relagdo ao consumo de alimentos e ganho de
peso corporal, mas, tendo em vista, que ndo preveniu os efeitos sobre a eficacia aimentar e
gordura epididimal, presumiu-se que o efeito do farelo em prevenir a perda de peso induzida
pelo Cd deveu-se a sua caracteristica sensorial. Provavelmente o sabor de tostado mais agradavel
do farelo mascarou o sabor do Cd e, assim, preveniu a redugéo do consumo com a consequente
prevencdo da perda de peso.

A concentragdo hepética de Cd foi estatisticamente maior no grupo linhaga em relacéo
aos grupos celulose e farelo. Tendo em vista resultados de estudos anteriores, deduz-se que esta
concentragdo hepatica de Cd se devaamaior proporcao de fibra solUvel nalinhaga em relagdo ao
farelo e a celulose. Rose e Quarterman (1987) observaram que as suplementagdes de dietas com
fibras solGveis (alginatos, pectinas, agar e carragenas) aumentaram as concentragoes hepaticas e
renais de Cd em ratos, em comparagdo com 0s animais que receberam celulose como fonte de
fibra. Similarmente, num outro estudo (Lind et al., 1998), a fibra de beterraba, a qual tem
relevante concentracdo de fibra solivel, aumentou a concentracdo de Cd no figado e rins de ratos

em comparagdo a animais que receberam farelo de trigo como fonte de fibra. O aumento da
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retencdo tecidua de Cd pela linhaga, em nosso estudo, provavelmente se deu pela fermentacéo
da porcéo soltvel da fibra no intestino grosso, ja que estudo anterior demonstrou que a fibra da
linhaca é bastante fermentada (Swanson et a., 2001). Sabe-se que a absor¢do de minerais
essenciais, principamente Ca e Mg, pode aumentar pela adicdo de fibras sollveis na dieta
Tendo em vista as evidéncias da fermentacdo destas fibras no intestino grosso, 0s mecanismos
propostos para 0 aumento da absor¢éo dos minerais tém sido aquel es decorrentes da acidificacéo
do meio intestinal, quais sgjam: solubilizacdo dos minerais, troca iGnica nos &cidos graxos de
cadeia curta (formados pela fermentagdo da fibra), os quais carreariam minerais durante sua
absorcdo e, ainda, a hidrélise do fitato diminuindo sua capacidade de complexacdo de minerais
(Lopez et a., 2000; Coudray et al., 2003). Propde-se que mecanismos similares possam estar
envolvidos numa maior absor¢do do Cd provocada pela linhaga, com conseqiiente aumento da
retencdo tecidual. Curiosamente, a absorcéo do Cd pelo grupo linhaga foi semelhante aguela
encontrada para os grupos celulose e farelo de trigo. No entanto, é importante considerar que a
medida de absor¢do aparente utilizada neste estudo é calculada pela diferenca entre a quantidade
de metal ingerido e a quantidade de metal excretado pelas fezes. Esta técnica, portanto, ndo
distingue o metal da dieta do metal endégeno, isto €, aquele que foi anteriormente absorvido e,
no periodo de coleta das fezes, possa estar sendo secretado no meio intestinal. Tendo em vista
gue relevante quantidade de Cd ja absorvida pode ser secretada no meio intestinal por via biliar e
via descamacdo de células intestinais (Klaassen e Kotsonis, 1977; ATSDR, 2008), presume-se
gue a maior secrecdo de Cd enddgeno, resultante de uma maior absorcdo anterior do metal pelos
animais do grupo linhaga, possa ter mascarado a medida de absorcéo aparente, que foi reaizada
por coleta de fezes no periodo final do experimento (entre o 18° e 0 29° dias).

Por outro lado, o grupo-farelo de trigo apresentou retencdo de Cd similar ao grupo-
celulose. Diversos estudos anteriores evidenciaram uma diminui¢do da biodisponibilidade ou da
acumulacéo de Cd pela adicdo de farelo a dietas de roedores (Moberg et a., 1997; Lind et al.,
1998; House et a., 2003). No entanto, estes estudos utilizaram dietas com concentragdes de Cd
bem menores do que a utilizada neste trabalho. Tendo em vista o resultado observado no artigo
1, em que a MM rica em farelos reduziu a retencdo renal de Cd quando este foi fornecido na
concentragdo de 5 mg/kg de dieta e ndo teve tal efeito nos animais que receberam 25 mg Cd/kg
de dieta, presume-se, como colocado anteriormente, que no caso da maior concentracéo de Cd

intestinal, o efeito dafibra do farelo sgja ocultado.
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Com relacdo aos demais pardmetros hepaticos, observou-se que nenhuma fonte de fibra
reverteu o dano hepético evidenciado pelo aumento da atividade da enzima Transaminase
Glutdmico-Pirtvica (TGP) no plasma e nem aterou per se os niveis de grupos sulfidrilicos ndo-
proteicos hepaticos, os quais também ndo foram alterados pelo Cd, apesar de ser conhecida a
afinidade do metal por grupos sulfidrilicos.

O Cd acumulado no rim (de 16 a 21 pg/g tecido) ndo chegou a causar dano renal
evidencidvel pelos parametros utilizados, ou sgja, 0 Cd ndo causou ateracdo no peso relativo do
rim ou na concentracdo de NPSH tecidual, nem nos niveis plasmaticos de creatinina, em
gualquer dos grupos. De fato, estudos anteriores tém indicado que o dano renal ocorre somente
apos periodos de exposicdo mais longos e/ou maiores concentragdes de Cd na dieta do que
agueles utilizados neste estudo (Groten et a., 1994; Haouem et al., 2007)° A auséncia de grandes
danos renais na presenca de Cd em concentracdes relativamente altas esta rel acionada ao papel
protetor das metalotioneinas, tendo em vista que, o rim pode, ao fazer a sintese de novo destas
proteinas, manter grande parte do Cd ligado em forma inerte (Klaassen et a., 2009). Como foi
observado para o figado, a linhaca também ocasionou um aumento da retencéo de Cd no rim, o
gue se considera relacionado com o maior teor de fibra solUvel desta fonte de fibra, conforme
discutido acima.

No que diz respeito aos macrominerais essenciais, observou-se efeito do Cd em relagéo a
sua absorcdo aparente. O efeito do Cd reduzindo a absorcdo e utilizaggdo do Ca ja foi
devidamente evidenciado em mamiferos (WHO, 1992; ATSDR, 2008) e sabe-se que a utilizacéo
de outros minerais, como o P, também pode ser diminuida por acdo do metal (Brzdska e
M oniuszko-Jakoniuk, 2005). Neste estudo (Manuscrito 2), o Cd reduziu a absorgéo aparente do
Ca e do P e aumentou a do Mg nos grupos farelo e linhaga, mas ndo no grupo celulose. Nossa
hipétese para explicar tais ateracOes esta baseada na agdo do fitato. Esta substancia, que pode
apresentar até seis grupos fosfato, provavelmente é responsavel pela maior absorgdo absoluta de
P nos grupos farelo de trigo e linhaga sem Cd, tendo em vista que esta presente nas fontes de
fibra daqueles grupos e ndo na celulose, e que ratos apresentam fitase intestinal ativa (Rao &
Ramakrishnan, 1986). Sabe-se que o fitato pode formar complexo com o Ca, reduzindo sua
absorcdo (Plaami, 1997; Harrington, 2001). Provavelmente a fragdo ndo-hidrolisada do fitato
ligou Ca, cuja absorcdo foi em parte impedida pela presenca de Cd, e o complexo fitato-Ca, ndo

sendo absorvido, aumentou a quantidade de P e de Ca nas fezes. Sabe-se que o fitato também é
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capaz de ligar Mg, mas parece ter menor afinidade por este elemento do que pelo Ca (Coudray et
a., 2003). Portanto, propdem-se que, nos grupos linhaga-Cd e farelo-Cd, o fitato, formando
complexo com o Ca, ficou menos disponivel parainteragir com o Mg e, consequentemente, mais
Mg foi mantido livre para absorgéo.

Os resultados deste estudo indicam um efeito conjunto do Cd e das fontes de fibra linhaga
e farelo de trigo na absorcdo de Ca, P e Mg e presume-se que este efeito tenha relagdo com o
fitato. Embora 0 nosso modelo experimental ndo permita identificar quais substancias do farelo
de trigo e da linhaga realmente interggam com o Cd, alterando a absor¢cdo mineral, considera-se
gue os resultados tenham importancia pratica porque indicam efeitos de suplementos dietéticos
bastante consumidos como fonte de fibra. E importante que a possivel interagio Cd-fitato sgja
estudada, tendo em vista, que a sua confirmacdo pode trazer mais subsidios para a escolha da
dieta em areas de contaminacdo endémica de Cd, visando diminuir o comprometimento 6sseo
causado pelo metal. Além disso, tendo em vista que a linhaga € uma das plantas identificadas
como acumuladoras de Cd (Grant et al., 2008) e que nosso estudo indicou um potencia de suas
sementes em aumentar a retencdo do metal no organismo animal, considera-se necess&ria a
realizacdo de mais estudos sobre os efeitos da ingestdo da linhaca sobre a acumulagéo e
toxicidade do Cd.
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5. CONCLUSOES

- As multimisturas, usadas como suplementos na proporcdo de 5% da dieta, aumentaram
a absorcao absoluta aparente de fésforo, magnésio e manganés, proporciona mente ao seu teor de
fibraaimentar, ndo chegando a interferir na absorcéo de calcio e cobre em ratos em crescimento,
0 que sugere que estes suplementos podem ser fonte de minerais na dieta e, pelo menos em

baixas proporg¢des, ndo reduziriam a sua absorgéo.

- Uma multimistura a base de farelo de cereais, rica em fibra e em minerais essenciais,
reduziu a acumulacdo de Cd renal em ratos, apenas apls a exposicdo a menor dose de Cd
estudada (5 mg/kg de dieta), sem apresentar efeito sobre a toxicidade do Cd utilizado em dose
maior (25 mg/kg de dieta). No entanto, a dose de 5 mg/kg dieta € compativel com os niveis de
exposicdo humana em algumas &reas contaminadas, sugerindo que a multimistura poderia

contribuir para reduzir a exposic¢ao oral ao Cd em regides poluidas.

- A linhaga parcialmente desengordurada usada como fonte de fibra aumentou a
guantidade de Cd retido no figado e rins de ratos em crescimento em comparacdo com a celulose
purificada e o farelo de trigo, indicando que fontes alimentares com maior proporgdo de fibra
soltvel podem aumentar deposicéo corporal de Cd e sugerindo que deve haver cuidado na

ingestdo destas fontes em regides contaminadas com Cd;

- A linhaga e o farelo de trigo, usados como fonte de fibra alimentar para ratos expostos
ao Cd, reduziram a absor¢do aparente do célcio e do fosforo e aumentaram a absorcéo aparente
de magnésio em comparacdo a celulose purificada, 0 que pode ser atribuido a uma interagédo do

Cd com o fitato presente naquel as fontes de fibra.
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ANEXO

ANEXO A — Comparagédo entre recomendacOes nutricionals para seres humanos e pararatos, em
fase de crescimento, considerando a ingestéo energética de 1000 kcal

Humanos (1) Ratos (2)
Lipidios(g) 43,0-58,0 17,7
Proteinas (Q) 16,0-65,0 40,5
Fibra alimentar (g) 19,0 12,7
Carboidratos (g) 146,0-211,0 169,6
Ca (mg) 384,6 1265,0
P (mg) 353,9 759,0
Mg (mg) 61,5 126,5
Cu (mg) 0,26 1,26
Fe (mg) 5,38 8,85
Mn (mg) 0,92 2,53
Zn (mg) 2,31 3,04

(1) Caculado de acordo com as recomendagdes médias para criancas de 1-3 anos de acordo
com o Instituto de Medicina dos Estados Unidos, considerando a ingestdo energética
médiatotal de 1300 kcal/dia (Estados Unidos, 2005);

(2) AIN-93G= caculado de acordo com as recomendagdes do Instituto Americano de
Nutricdo pararatos em crescimento rgpido (Reeves et a., 1993).
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