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NADP — Nicotinamida Adenina Dinucleotideo Fosfato
NO — Oxido nitrico

H,0, — Peroxido de hidrogénio

OH°* — Radical Hidroxila

O, — Oxigénio



RESUMO

As doencas cardiovasculares sdo uma das principais causas de morte em paises
desenvolvidos e em desenvolvimento e um dos principais fatores de risco para
essas doencas é o colesterol total elevado. Sugere-se que o0 aumento da
producdo de espécies reativas estd associado a ingestao de gorduras, um dos
fatores que contribuem para o desenvolvimento de aterosclerose, e
consequentemente, doencas cardiovasculares. Sabe-se que alguns alimentos
podem reduzir o colesterol plasméatico, como a aveia. Um alimento similar a aveia
guando comparamos o teor de fibras é a farinha de mandioca, que além de ter
menor custo do que a primeira, ndo contém glaten. Diante disso, o objetivo deste
estudo foi avaliar os efeitos da farinha de mandioca sobre o perfil lipidico e redox
em ratos dislipidémicos. Trinta ratos Wistar (oito semanas de idade) foram
alocados em 3 grupos: controle, dieta rica em colesterol (HC) - contendo 40% de
gordura + 1% de colesterol + 1% de acido cdlico, dieta rica em colesterol + 50g/kg
de farinha de mandioca (CF) e foram tratados por 8 semanas. A massa corporal
e consumo alimentar dos animais foram avaliados semanalmente. Apds a
eutanasia, foram realizadas analises do perfil bioquimico e de estresse oxidativo,
além da andlise histologica do figado. O peso e o consumo dos animais (em
calorias) foram estatisticamente maiores nos grupos HC e CF do que no grupo
controle. Os parametros de perfil lipidico ndo apresentaram diferengas entre os
grupos HC e CF. A ureia apresentou-se diminuida nos grupos HC e CF,
enguanto a creatinina ndo teve diferenca entre os trés grupos estudados. O AST
apresentou-se aumentado nos dois grupos tratados, enquanto o ALT
apresentou-se aumentado somente no grupo CF, sendo semelhante entre os
grupos HC e controle. Nas andlises de TBARS e SOD os resultados
apresentaram-se aumentados para o grupo HC quando comparados ao controle
e CF. Na determinacao da atividade da CAT, o grupo HC apresentou diminuicdo
com relacdo ao grupo controle, e o grupo CF mostrou-se ainda menor quando
comparado aos dois grupos. Os achados histologicos em figado sugerem que a
farinha de mandioca parece retardar a progressdo da NASH (Esteatose Hepética
N&o Alcodlica). A farinha de mandioca foi capaz de proteger os animais da
lipoperoxidacéo, de acordo com os resultados de TBARS e melhorar a atividade
da SOD e o teor de tiol, porém, ndo conseguiu melhorar o perfil lipidico e CAT

nos animais. Nesse contexto, mais estudos sao necessarios para complementar
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os achados do presente estudo, possivelmente utilizando maiores quantidades

de farinha de mandioca na dieta.

Palavras-chave: hipercolesterolemia, colesterol, farinha de mandioca, estresse
oxidativo, perfil lipidico



ABSTRACT

Cardiovascular Diseases are one of the leading causes of death in developed
and developing countries and one of the major risk factors for these diseases is
high total cholesterol. It is suggested that the increase in the production of
reactive species is associated with the ingestion of fats, one of the factors that
contribute to the development of atherosclerosis, consequently, cardiovascular
diseases. It is known that some foods can reduce plasma cholesterol, such as
oats. A food like oats when we compare the fiber content is cassava flour, which
in addition to having lower cost than the first, does not contain gluten. Therefore,
the objective of this study was to evaluate the effects of cassava meal on the lipid
and redox profile in dyslipidemic rats. Thirty Wistar rats (eight weeks old) were
divided into three groups: control, high cholesterol diet (HC) - 40% fat + 1%
cholesterol + 1% cholic acid and high cholesterol diet + 50g / kg of cassava flour
(CF) and were treated for 8 weeks. The weight and feed consumption of the
animals were evaluated weekly. After euthanasia, analyzes of the biochemical
profile and oxidative stress, besides the histological analysis of the liver, were
performed. The weight and consumption of the animals (in calories) were
statistically higher in the HC and CF groups than in the control group. The lipid
profile parameters showed no differences between the HC and CF groups. Urea
was decreased in the HC and CF groups, while creatinine had no difference
between the three groups. AST was increased in both treated groups, while ALT
was increased only in the CF group, being similar between HC and control
groups. In TBARS and SOD analyzes the results were increased for the HC group
when compared to the control and CF. In CAT determination, the HC group
presented lower results in relation to the control group, and the CF group was
even lower when compared to the two other groups. Cassava flour was possibly
able to slow the progression of NASH according to liver histology. Cassava flour
was able to protect animals from lipoperoxidation, according to TBARS results
and improve SOD activity and thiol content, however failed to improve the lipid
profile and CAT in the animals. Nevertheless, further studies are needed to
complement the findings of the present study, possible using greater amounts of

cassava flour on diet.



Keywords: hypercholesterolemia, cholesterol, cassava flour, oxidative stress,

lipid profile
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1. INTRODUCAO

As DCNTSs sao atualmente a maior causa de morte no mundo. Elas abrangem
Diabetes Mellitus, Hipertensao Arterial, Obesidade, Doengas Cardiovasculares,
entre outras.

As Doencas Cardiovasculares sao também uma das principais causas de
morte em paises desenvolvidos e em desenvolvimento, e seus maiores fatores
de risco modifichAveis sdo uma alimentacdo inadequada, sedentarismo e
tabagismo. Uma alimentacao rica em gordura e colesterol pode levar a criagdo
de placas ateroscleréticas, que por sua vez obstruem as artérias do coracgao,
levando ao que chamamos de doenga arterial coronariana (DAC).

Entre as modificacdes alimentares que podem ser feitas para prevenir a DAC
esta o aumento do consumo de fibras. Um alimento rico em fibras e que possui
um potencial redutor de colesterol amplamente estudado é a aveia, porém a
mesma pode conter tracos de gluten e possui um preco elevado no Brasil. Por
outro lado a farinha de mandioca, outro alimento rico em fibras, que ndo contém
gluten e possui um baixo custo em nosso pais até o momento tem sido pouco
estudado. Tendo isso em vista, 0 presente estudo tem como objetivo verificar o

efeito da farinha de mandioca sobre o perfil lipidico e redox de ratos Wistar.

1.1 Doencas Crbdnicas Nao Transmissiveis (DCNT)

As DCNT séo responsaveis por 70% das mortes no mundo, o0 que equivale a
38 milhdes de mortes anuais. Desse numero, cerca de 16 milhdes acontecem
prematuramente (em menores de 70 anos). Estdo incluidas nas DCNT as
doencas cardiovasculares e respiratérias cronicas, canceres e diabetes (WHO
2012).

Estudos mostram que esse numero de Obitos esta relacionado ao
crescimento dos fatores de risco dessas doencas, que incluem tabaco,
inatividade fisica, uso indiscriminado de alcool e dietas ndo saudaveis (WHO,
2010). Os padrdes alimentares adotados nas ultimas décadas na sociedade
ocidental podem ser prejudiciais de varias maneiras, e como por exemplo
podemos citar o alto consumo de carne vermelha, de carne altamente

processada e de acidos graxos trans que estd relacionado as doencas
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cardiovasculares e ao diabetes (WHO, 2011). Sabe-se que nem % da populacéo
brasileira consome a quantidade de hortalicas e frutas que € recomendado
(Azevedo et al. 2014), e isso também reflete na alta prevaléncia dessas doencas.

1.2 Doencgas Cardiovasculares (DCV)

As doencas cardiovasculares sdo responsaveis por 17,3 milhdes de
mortes por ano em todo 0 mundo e estima-se que esse numero possa duplicar
nos proximos 15 anos (WHO, 2013). Nos paises desenvolvidos e em
desenvolvimento o nimero de mortes em funcdo desse tipo de doencga diminuiu
significativamente nos Udltimos anos, porém em paises subdesenvolvidos o
numero de Obitos s6 aumenta a cada ano (Dehghan et al. 2017).

No Brasil o numero de mortes por DCV teve um aumento a partir da
década de 1930, acompanhando a revolucéo industrial no pais, e uma queda a
partir dos anos 80 (Mansur et al. 2009). Uma revisdo mostrou que a taxa de
mortalidade teve sua maior diminui¢cdo nas regioes sul e sudestes do pais, e a
Unica regidao que obteve um aumento nessa taxa foi o nordeste (Mansur and
Favarato 2016). Com esses resultados pode-se notar que as regides sul e
sudeste se comportaram como 0s paises desenvolvidos, onde a taxa de
mortalidade por DCV esta diminuindo (Nichols et al. 2014).

Devido ao grande impacto das DCNT, dentre elas as DCV, na saude da
populacdo e ao surgimento cada vez mais precoce, atualmente existe uma
constante busca por alternativas dietéticas viaveis para a prevencéo, controle e
tratamento dessas doencas (Hickman et al. 1998).

Atualmente sabe-se que existe uma forte relacdo entre as doencas
cardiovasculares e fatores genéticos, ambientais e de estilo de vida. Quando
esses fatores coexistem com os fatores de risco para essas doencas, o risco de
DAC aumenta exponencialmente (Castro et al. 2004). Os principais fatores de
risco associados a essas doencas sdo HAS, colesterol total elevado, colesterol
HDL reduzido, tabagismo, DM2 e idade (Wilson et al. 1998).

A DAC é caracterizada pela obstrucdo ou estreitamento das artérias
coronarias, gerando uma insuficiéncia de irrigacdo sanguinea no coragao. Essa
condicdo esta diretamente relacionada as placas ateroscleréticas, pois séo

essas que geram a obstrucdo ou estreitamento das artérias.
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Um dos principais fatores de risco modificaveis da DAC é o nivel elevado
de colesterol circulante (Baigent et al. 2010; Lewington et al. 2007). O seu
controle, principalmente do LDL-colesterol (lipoproteina de baixa densidade)
pode alterar positivamente os desfechos cardiovasculares como infarto e morte
(Baigent et al. 2010). A identificagdo precoce desses fatores e a melhora dos
mesmos contribui para a reducdo da morbidade e mortalidade por essas
doencas (Braga De Melo et al. 2018).

1.3 Relacéo entre perfil lipidico e estado redox

O corpo humano possui um eficiente sistema antioxidante. Porém, quando
ocorre um desequilibrio entre os niveis de moléculas oxidantes e antioxidantes
o resultado é ainducéo de dano oxidativo as estruturas celulares. Esse processo,
chamado de estresse oxidativo, ocorre como consequéncia do aumento na
producdo de espécies reativas ou diminuicdo das defesas antioxidantes do
organismo, ou ambos (Halliwell, B; Gutteridge, 2007).

Estudos tem demostrado relacdo entre a superproducdo das espeécies
reativas e aterosclerose (Demir et al. 2014; Youn et al. n.d.). O aumento do dano
oxidativo associado a defesas antioxidantes diminuidas podem levar a
transtornos metabdlicos e mudancas na sinalizacao celular (Roberts and Sindhu
2009).

Nesse caso, algumas dessas espécies reativas, tais como radical
superoxido (O2*), radical hidroxila (OH*) e perdxido de hidrogénio (H202) podem
produzir danos como a lipoperoxidacéo de lipidios insaturados das membranas
celulares (Gomes Rodrigues et al. 2003). Os peroxidos lipidicos oxidam o
colesterol aumentando a producao de LDL oxidada. A formacao de radicais livres
pode ser controlada pela acdo de antioxidantes, destacando-se a glutationa
peroxidase, que inibem a producdo de LDL oxidada, favorecendo a sintese de
colesterol HDL (Olszewer 1994). Estudos demonstram que a peroxidagao
lipidica aumentada esta diretamente ligada ao desenvolvimento de aterosclerose
(Jialal et al. 2015; Perez-martinez et al. 2013)

Sugere-se também que 0 aumento da producao de espécies reativas esta

associado a ingestdo de gorduras, um dos fatores que contribuem para o
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desenvolvimento de aterosclerose (Tasset et al. 2008) e, consequentemente,
doencas cardiovasculares.

Outra fonte importante de espécies reativas é a nicotinamida adenina
fosfato dinucleotideo (NADP) oxidase, uma enzima presente em tecido renal e
cardiovascular, que catalisa a transferéncia de um uUnico elétron para o O3
produzindo anion superdxido. O aumento de sua expressdo esta associado a
niveis elevados de espécies reativas e, consequentemente, com estresse
oxidativo (Youn et al. 2014). O estado proé-inflamatério e a hiperglicemia
aumentam producdo de espécies reativas, 0 que resulta na superativacdo do
NADP oxidase, resultando na producdo de O2* e diminuicdo da
biodisponibilidade de 6xido nitrico (NO) (Hopps et al. 2010). Em um estudo
realizado em células mononucleares humanas, foi observado que o aumento da
atividade da NADPH oxidase nas células endoteliais vasculares esta associado

ao desenvolvimento de aterosclerose (Martinez-hervas et al. 2008).

1.4 Modelos animais de aterosclerose

Modelos animais tém sido cruciais para o entendimento da etiologia de
doencas metabodlicas em humanos. O principal motivo disso se da ao fato dessas
doencas poderem ser induzidas por dieta em animais de laboratorio (Pellizzon
and Ricci 2018). Estudos experimentais também proporcionam testes
preliminares para novos tratamentos.

A primeira evidéncia de um modelo experimental para aterosclerose foi no
ano de 1908, quando foi relatado um espessamento da intima com formacao de
grandes células claras na aorta de coelhos alimentados com uma dieta rica em
proteinas animais (carne, leite, ovos) (Ignatowski 1908). A partir desse momento,
uma forte associacdo entre certos tipos de dislipidemia, incluindo
hipercolesterolemia, hipertrigliceridemia e hiperlipidemia combinada e o
desenvolvimento de lesdes ateroscleroéticas foi documentado por varios ensaios
clinicos e estudos epidemiolégicos e experimentais (Katz 1958; LN Katz; J
Stamler 1953)

A "Teoria do colesterol" ainda permanece como centro do
desenvolvimento da doenca vascular aterosclerotica. O papel aterogénico do
colesterol tem sido testado em um numero cada vez maior de animais de

laboratério, incluindo linhagens selvagens, modelos animais de aterosclerose
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naturalmente defeituosos ou geneticamente modificados. Os resultados de
guase todos estes estudos demonstram que o aumento do nivel de colesterol
plasmatico € um método confiavel para a inducdo da aterogénese (Moghadasian
2002).

Nos ultimos anos, ratos tem sido uma das espécies mais usadas,
compreendendo aproximadamente metade de estudos com animais. A maioria
das pesquisas utiliza uma linhagem selvagem de ratos, principalmente Sprague
Dawley ou Wistar (Moghadasian 2002) Os ratos sdo geralmente hipossensiveis
a dieta hipercolesterolémica, por isso, hiperlipidemia e aterogénese s6 podem
ser induzidas em ratos por dietas com alto teor de colesterol/gordura que
contenham &cido cdlico ou tiouracil, que diminuem a utilizacao de colesterol para

a sintese de sais biliares. (Rats 1983).

1.5 Fibras dietéticas e prevencao das doencas cardiovasculares

A Association of Official Analytical Chemists (AOAC) conceitua fibra
alimentar como a por¢cao nao digerivel do alimento vegetal, a qual resiste a
digestdo e absorcao intestinal, porém com fermentacdo completa ou parcial no
intestino grosso (Mello and Laaksonen 2009). As fibras alimentares incluem
polissacarideos, oligossacarideos, lignina e outras substancias que promovem
efeitos fisioloégicos benéficos, como os laxativos, atenuacdo do colesterol
sanguineo e/ou atenuacao da glicemia (Almaraz et al. 2015).

As fibras podem ser classificadas quanto a sua solubilidade em agua, em
soluveis e insolaveis. A fibra solGvel € composta por pectinas, beta-glucanas,
gomas, mucilagens e algumas hemiceluloses, enquanto a insoluvel é composta
por lignina, pectinas insoluveis, celuloses e hemiceluloses (Tungland and Meyer
2002; Walker and Arvidsson 1953)

Desde o inicio da década de 50, quando se iniciou a industrializacao de
alimentos em diversos paises, observou-se um aumento da incidéncia de
doencas crénicas denominadas como “ocidentais” (DM2, DAC, obesidade), que
até entdo eram menos frequentes (Gregorio, Areas, and Reyes 2001). Em funcéo
do aumento dessas enfermidades surgiu o interesse pelas fibras alimentares, a
partir de estudos epidemioldgicos realizados por Walker e Arvidsson em 1954,
onde pela primeira vez a ingestao de alimentos contendo alto teor de fibras foi

relacionada com niveis reduzidos de colesterol (Walker and Arvidsson 1953).
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O mecanismo proposto para o efeito hipocolesterolémico das fibras
sollveis estéa relacionado a um efeito esponja, pois elas absorvem os sais biliares
auxiliando na sua excrecao nas fezes, fazendo com que o corpo produza mais
desses sais, utilizando o colesterol presente no organismo (Bohm and Kulicke
1999). A diminui¢cdo do colesterol frente ao consumo de fibras sollUveis ja € bem

conhecida e apresenta resultados significativos (Brug et al. 2008).

1.6 Farinha de mandioca e aveia

Exemplos de alimentos que estdo associados a uma quantidade
significativa de fibras alimentares séo a aveia e a farinha de mandioca. Na aveia,
a fibra alimentar total varia entre 9,62 a 13,86%, e na farinha de mandioca varia
entra 3 e 10% (Gutkosky and Trombetta 1999; Montagnac, Davis, and
Tanumihardjo 2009a).

Diversos estudos pré-clinicos ja comprovaram o efeito hipolipidémico da
aveia (Charlton et al. 2012; Gu et al. 2015; Zhou et al. 2016). Anderson et al.
foram os primeiros a provar esse beneficio do alimento (Anderson et al. 1984).
Em seu primeiro estudo mostram que o farelo de aveia pode reduzir os niveis de
colesterol total em até 23% sem modificar os niveis de HDL-colesterol. Além
disso, foi nesse estudo que surgiu a ideia de que a beta-glucana seria
responsavel por esse beneficio (Anderson et al. 1984).

Um alimento que possui a composicao fisico-quimica similar a aveia no
teor de fibras € a farinha de mandioca, segundo um estudo de Montagnac
(Montagnac, Davis, and Tanumihardjo 2009a). A mandioca (Manihot esculenta
Crantz) é uma das plantas cultivadas mais representativas da natureza
(Albulquerque, T. T. O; Miranda, L. C. G.; Salim, J.; Quirino 1993). E totalmente
aproveitavel, desde as raizes as hastes e folhas. As suas raizes tuberosas ricas
em amido sado aproveitadas pelos mais diversos fins alimenticios ou industriais
(Montagnac, Davis, and Tanumihardjo 2009).

A farinha de mandioca € amplamente consumida pelos brasileiros e
possui um custo reduzido quando comparada a aveia. Além disso, € um alimento
gue nao contém gluten, podendo ser consumida por individuos que possuam
doenca celiaca, enquanto diversas marcas de aveia podem conter tragos dessa

proteina (Montagnac, Davis, and Tanumihardjo 2009).
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Em 2015 foi realizado um estudo que comparou as propriedades fisico-
guimicas da aveia e da farinha de mandioca, como retencéo de 6leo e de 4gua,
além de solugbes com pH 2, 7 e 9 e solugdes de NaCl com concentragfes de
4,5%, 9% e 14%. Em todos os resultados a farinha de mandioca se mostrou
superior a aveia. Tendo em vista que o mecanismo de reducao de colesterol por
parte da aveia é feita em forma de “esponja”, o estudo sugere que a farinha de
mandioca possa ter o mesmo efeito. A analise com solugéo fosfato de diferentes
pH foi adicionada ao estudo para que se evidenciassem os pH do sistema
digestério do ser humano. O pH 2 é equivalente ao pH acido do no estbmago, o
pH 7 é equivalente ao pH neutro, encontrado na boca e eséfago e o pH 9 é
equivalente ao pH basico encontrado no intestino do ser humano. (Cunha et al,
2015).

Além disso, um ensaio clinico que utilizou a farinha de mandioca como
placebo e farinha de nozes como intervencgao néo obteve diferenca entre os dois
grupos no colesterol total plasmatico em 30 dias de estudo, e ambos tiveram
diferenca significativa com o grupo conrole, o0 que pode sugerir que a farinha de
mandioca possua efeito hipocolesterolemiante (Carvalho et al. 2015). Isso pode
acontecer mesmo que a farinha de mandioca apresente um percentual de fibras
soluveis menor do que a aveia (Souza and Menezes 2004; Wood 1994), que foi
considerada pela American Dietetic Association (ADA) um alimento funcional em
funcdo de sua capacidade de diminuicdo do colesterol plasmatico (Thompson
2003). No entanto, ndo sdo encontrados na literatura estudos experimentais que
utilizem a farinha de mandioca como intervencdo quando é avaliada a

modificacao de perfil lipidico em animais.
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2. OBJETIVOS

2.1 Objetivo Geral

Este estudo teve como objetivo geral avaliar os efeitos da farinha de
mandioca sobre o perfil lipidico e redox em ratos dislipidémicos.

2.2 Objetivos Especificos

Avaliar, em animais suplementados, ou ndo, com farinha de mandioca os
seguintes parametros:

1. Perfil lipidico plasmatico através da determinacdo do colesterol total,
colesterol-HDL, colesterol-LDL, colesterol-VLDL e triacilglicerois.

2. Glicemia.

3. Funcao renal e hepatica por meio da determinacao plasmatica de ureia,
creatinina, aspartato-aminotranferase (AST), alanina-aminotranferase (ALT) e
lactato desidrogenase (LDH).

4. Estado redox por meio da determinacdo de espécies reativas ao acido
tiobarbittrico (TBARS), contetudo de sulfidrilas e avaliagcdo da atividade das
enzimas superoxido dismutase (SOD) e catalase (CAT) em figado.

5. Aumento de massa corporal.

6. Histologia do figado.
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Abstract

Hypercholesterolemia is a complex condition with multiple causes, including lifestyle
and genetic. It is also a risk factor for cardiovascular diseases (CVD), which are
responsible for 17,2 million deaths/year. Although the outlines for
hypercholesterolemia are known, there are many critical questions to be answered
so new therapeutics can be developed. To elucidate the pathobiology of this
condition, animal models can mimic the pathology of human hypercholesterolemia.
One example of animal model is the hypercholesterolemic diet in Wistar rats. The
present review first summarizes the current understanding of the metabolic profile
involved in hypercholesterolemia in humans. Besides, there is no consensus about
which hypercholesterolemia induction protocol should be used. Considering this, the
present work aimed to review experimental studies which induced
hypercholesterolemia in rats Wistar and not judge the best model, since they all

achieved the goal that was to induce increased serum cholesterol.
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Introduction

Cardiovascular diseases (CVD) are responsible for 17,2 million deaths/year all over
the world (WHO, 2013). There is a constant search for alternative dietetic treatments,
once this kind of disease have been seen at early age (Hickman et al., 1998). The
CVD are included in the group of chronic non-communicable diseases, which also
includes obesity, systemic arterial hypertension (SAH), diabetes mellitus type 2
(DM2), dyslipidemia and cancer (Duncan et al., 2012).

There is a strong relation between cardiovascular diseases and genetic,
environmental factors and lifestyle. When these conditions are allied to risk factors
to CVD, the possibility of coronary artery disease increases exponentially (Castro et
al., 2004). The main risk factors to CVD are high total cholesterol, SAH, reduced LDL
cholesterol, DM2 and age (Wilson et al., 1998).

Increased serum total cholesterol and low LDL cholesterol are components of
hypercholesterolemia. Besides being a risk factor for cardiovascular diseases, these
alterations can also ally to several other harms to the organism.
Hypercholesterolemia can be classified as primary when the lipid disorder has
genetic influence, or secondary, caused by inadequate diet and lifestyle, as well as
medications (Cardiologia, 2017).

The decrease in serum cholesterol levels can be achieved by consumption of
appropriate food, specific foods and/or drugs. Foods and drugs presenting
hypocholesterolemic action should be tested in vitro and in vivo before being
consumed by humans to verify their efficacy and safety. (Xie et al., 2015; L. Yang et
al., 2013). Before being consumed by humans, these foods and their
hypocholesterolemic potential should be tested in vitro and in vivo, so that their
efficacy can be proven.

Hypercholesterolemia, as one of the main risk factors for CVD, has been strongly

studied in animal models, especially searching new therapeutic approaches.
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However, there is no consensus about which hypercholesterolemia induction
protocol should be used. Considering this, the present work aimed to review

experimental studies which induced hypercholesterolemia in rats Wistar.

Metabolic profile of hypercholesterolemic humans

Before studying hypercholesterolemic diet effects in animals, it's important to
understand the cholesterol metabolism in humans, so that later the similarity with
animals can be verified.

Cholesterol is a vital compound to human organism, essential in cell membranes
formation, sex hormones production, bile salts formation, among several other parts
of the organism (Santos et al., 2013). It can be found in animal fats, basically in its
free form. Its main food sources are egg yolk, milk and milk derivates, shrimp, beef,
bird skin and viscera. Some classic studies shown strong association between high
cholesterol consumption and increased incidence of atherosclerosis (Keys et al.,
1965; Walker and Arvidsson, 1953). Despite that, it is known that 56% of dietetic
cholesterol is absorbed, and other fatty acids also have influence on plasmatic
cholesterol concentration (Santos et al., 2013).

Cholesterol circulates in the bloodstream in structures called lipoproteins, formed by
lipids and proteins. These are classified according to their composition (chylomicrons
and VLDL- rich in triglycerides, LDL- rich in cholesterol, HDL- rich in cholesterol and
proteins). When cholesterol is in excess in the body, it can form plaques, which we
call atherosclerotic plagues and can harm the health of the individual (Cardiologia,
2017).

Atherosclerosis can be classified as a chronic inflammatory disease of multifactorial
origin, which mainly affects medium and large caliber arteries reducing the blood
flow. The initial injuries are formed in childhood and are characterized by cholesterol

accumulation in macrophages. The deposition of lipoproteins in the arterial wall, key
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process at the beginning of atherogenesis, occurs proportionally to the plasma
lipoprotein concentration. The severity of atherosclerosis is related to classic risk
factors, as dyslipidemia, diabetes, tabagism, hypertension, and others. At cellular
level, cholesterol crystals, microfilaments released by neutrophils, ischemia and
changes in hemodynamic drag pressure have been implicated in the activation of
inflammatory process, which is associated to atherosclerotic plaque rupture or
endothelial erosion (Ridker and Medical, 2016).

This implications leads the tecidual factor of the vascular intima to interact with the
circulating Vlla factor, leading to thrombin generation, platelet activation and
thrombus formation, determining the main complications of atherosclerosis, acute
myocardial infarction and cerebrovascular accident (stroke) (Cardiologia, 2017).
Considering physiology and metabolism, Wistar rats seems to be a promising animal
model to evaluate comorbidities of Metabolic Syndrome because their similarity to

humans(Bunnoy et al., 2015).

Data collection

Articles were found using the keywords “Hypercholesterolemia OR Hyperlipidemias
AND Diet AND Rats, Wistar” in PubMed and “Hypercholesterolemia OR
Hyperlipidemias AND Diet AND Rats Wistar’ in BVS. We included data from
experimental studies which efficiently induced hypercholesterolemia by diet in Wistar
rats from 2013 until 2017. We excluded articles that induced hypercholesterolemia
by injection, drug tests and reviews. Were also excluded studies that did not have a
control group, because in that case we could not prove and quantify the induction.
The data collection had three phases: title evaluation, abstract evaluation and full
text evaluation. The final number of articles was 36. The findings are summarized in

Table Al.
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Impact of the Hypercholestolemic diet

The regulation of bile acids in the body depends on cholesterol, and this causes cholesterol to
modify the composition of bile salts in various parts of the organism, including fecal excretion
(Gonzélez-Pefa et al., 2017b; Katsarou et al., 2016). Wang et al. demonstrated in their study a
smaller fecal bolus in the high cholesterol diet group (Wang et al., 2014), but there is no evidence
of this finding in other studies.

The induction of hypercholesterolemia can lead to obesity, even when the amount of lipids in
control and hypercholesterolemic groups is the same (Fidéle et al., 2017; Gonzéalez-Pefa et al.,
2017b; Wang et al., 2014). Santos-Lopez et al. observed that animals fed with high cholesterol
diet presented a weight loss, even without significant difference in energy consumption when
compared to control group animals (Santos-Lépez et al., 2017).

Hypercholesterolemia induced by diet also affects animal’s liver, increasing its weight and
causing damage. This alterations probably happens because of higher fat content in liver (Gujjala
etal., 2016; Tunsophon and Chootip, n.d.; Tuzcu et al., 2017a). Besides, some studies associate
the liver damage to the high fatty acids content in the diet. However, other studies, in which the
fat content is not modified also observed hepatic damage in the animals (EI-Mahmoudy et al.,
2013; Leontowicz et al., 2016; Sawale et al., 2016; Wang et al., 2014). Some studies found
increased weight of heart and kidneys as well (Sawale et al., 2016; Xie et al., 2015).

The induction of hypercholesterolemia also decreases the activity of Superoxide dismutase
(SOD) and Catalase (CAT) (important antioxidant enzymes) in the liver, decreasing also the
antioxidant defense (Ben Gara et al., 2017; Harrabi et al., 2017; Tuzcu et al., 2017b). In addition,

hypercholesterolemic diet can lower vitamin C levels in the animals body (Harrabi et al., 2017).

It can be observed in animals presenting hypercholesterolemia a decrease in myocardium
function, increasing the chance of ischemia and reperfusion and enlarging the size of infarction.
However, the mechanism involved in this alteration still not known (Katsarou et al., 2016; Wu et

al., 2017; Xie et al., 2015).
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Animal’s age may influence diet consumption and this directly affects weight gain throughout the
experiment (Garcimarin et al., 2015) .

In this study we reviewed hypercholesterolemia models induced by diet. We could observe many
protocols to induce hypercholesterolemia using animals of different ages and different diets. Our
aim was to get together information, and not judge the best model, since they all achieved the

goal that was to induce increased serum cholesterol.
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1. Table A.1 — Summary of hypercholesterolemic diet-fed rat studies

Author Year Initial age/ Diet composition Diet duration Serum Cholesterol diet group -

body weight comparison to control group
Chijimatsua 2013 4 weeks 5g/kg cholesterol, 2.5g/kg 14 days 11.2 £ 0.6 mmol/l - increased
et al. +100g sodium chloride
(Chijimatsu et
al., 2013)
Balzan et al. 2013 8 weeks 2% cholesterol , 0.2% colic 60 days

127 + 6.5 mg/dl - increased

(Balzan et al., 250-300 g acid
2013)
Shaodong et 2013 +175¢g 1.5% cholesterol , 0.2% NaTDC, 28 days 5.98 £ 1.07 mmol/l - increased
al. 5% sugar, 0,05% propiltiouracil
(Shaodong et
al., 2013)
El Rabey et 2013 140-160¢g 1% cholesterol 8 weeks 114.26 £ 1.67 mg/dL - increased
al. (El Rabey
et al., 2013)
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Pandian et al. 2014 +140¢9 4% cholesterol, 1% cholic acid, 17 days 153.63 £ 11.72 mg/dl - increased
(Pandian et 0.5% thiouracil
al., 2014)
Schultz 2013 90g 2.43% cholesterol, 0.49% 1 week
2.23 £0.19 mmol/L - increased
Moreira et al. cholic acid
(Schultz
Moreira et al.,
2013)
Yang et al. 2013 180-200g 3% cholesterol, 0.2% cholic 4 weeks 19 + 0.11 mmol/L - increased
(Y. H. Yang acid, 0.5% propiltiouracil, 10%
et al., 2013) lard
Tabernero et 2014 200-225¢ 2% cholesterol , 0.4% cholic 8 weeks Values not informed — serum
al. acid cholesterol significantly increased
(1a Tabernero
etal, n.d)
Otunola et al. 2014 + 168 g 1% cholesterol, 25% soy oil 4 weeks Values not informed — serum
(Otunola et cholesterol significantly increased
al., 2014)
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Wihastuti et. 2014 8 weeks 2% cholesterol, 0.2% cholic 3 months Values not informed — serum

al (Wihastuti 150-200g acid. 5% lard cholesterol significantly increased
et al., 2014)

Wang et al. 2014 190 - 230g 1% cholesterol, 0.2% bile salts, 42 days 2.65 £ 0.17 mmol/L - increased
(Wang et al., 10% lard, 10% yolk powder

2014)

Bunnoy et al. 2015 4 weeks 12.5% palm oil, 12.5% lard, 5% 30 days 150.29 + 20.51 mg/dl - increased
(Bunnoy et 80-100g cholesterol, 2% cholic acid

al., 2015)

Sawale at al. 2016 4 - 6 weeks 2% cholesterol 60 days 194.2 + 35.6 mg/dl - increased
(Sawale et

al., 2016)

Katsarou et 2016 190 - 210g 2% cholesterol 9 weeks 88.4 (74.5-100.3) mg/dl - increased
al.(Katsarou

et al., 2016)

Garcimartin 2015 1year 16.3 g/kg cholesterol 8 weeks 3.3+ 0.34 mmol/L - increased

et al. 5009

(Garcimartin

et al., 2015)
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Wang et al.
(Wang et al.,

2015)

2015

+200¢

1% cholesterol

28 days

Values not informed — serum

cholesterol significantly increased

Wu et al. (Wu

et al., 2017)

2017

+110¢9

1% cholesterol, 10% yolk

poder, 5% lard

10 weeks

Values not informed — serum

cholesterol significantly increased

Ampawong et
al.
(Ampawong

et al., 2017)

2017

8 weeks

200-300g

6% cholesterol

6 weeks

151.00 = 10.74 mg/dL - increased

Leontowicz et
al.
(Leontowicz

et al., 2016)

2016

+114g

1% cholesterol

42 days

2.25 +1.07 mmol/L - increased

Gonzélez-

Pefia et al.
(Gonzalez-
Pefa et al.,

2017a)

2017

8 weeks

245 + 5

2% cholesterol , 0.5% cholic

acid

7 weeks

198.25 + 10.61 mg/dL - increased
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Fidele et al.
(Fidele et al.,

2017)

2017

+178¢

1% cholesterol

4 weeks

156.09 = 0.92 mg/dl - increased

Santos-
Lopez et al.
(Santos-
Lopez et al.,

2017)

2017

1 year

+ 500g

1.26% cholesterol , 0.25%

cholic acid

8 weeks

126.9 + 13.2 mg/dI| - increased

Gonzélez-

Pefia et al.
(Gonzéalez-
Pefa et al.,

2017h)

2017

2509

2% cholesterol, 0.5% cholic

acid

7 weeks

Values not informed — serum

cholesterol significantly increased

de las Heras

et al.

(de las Heras

et al., 2013)

2013

8 weeks

250¢g

33.5% lard,1.5% soybean oil

7 weeks

53 + 3.4 mg/dl - increased

El-

Mahmoudy et

2013

6-8 weeks

180-210g

1% cholesterol, 2% coconut oil

60 days

168.55 + 14.69 mg/dl - increased
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al. (El-
Mahmoudy et

al., 2013)

Boudjeko et
al.
(Boudijeko et

al., 2013)

2013

180-210g

10g lard, 4g corn oil, 0,159

margarine

15 days

223.91 + 20.4 mg/dI - increased

Kansal et al.
(Kansal et al.,

2015)

2015

200-300g

365g/kg cholesterol, 310g/kg

yard

6 weeks

252.17 + 14.72 mg/dI| - increased

El-Tantawy et
al. (El-
Tantawy et

al., 2015)

2015

150-200g

100g/kg corn oil

7 weeks

131 + 9.6 mg/dl - increased

Guijjala et
al.(Gujjala et

al., 2016)

2016

170-190g

60% lard

90 days

194.2 + 35.6 mg/dl increased

Ben Gara et

al.

2017

+1804¢

10% sheep’s fat, 0.1% cholic

acid

6 weeks

1.14 + 0.03 mmol/L - increased
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(Ben Gara et

al., 2017)

De Las Heras 2016 8 weeks 33.5% lard,1.5% soybean oil 5 weeks 46.0 £ 3.2 mg/dL - increased

et al. (De Las 2509

Heras et al.,

n.d.)

Harrabi et al. 2017 +190¢ 10g/kg cholesterol, 1g/kg 2 months 3.21 £ 0.12 mmol/L - increased
(Harrabi et cholic acid

al., 2017)

Tuzcu et al. 2017 +180¢g 400 g/kg Beef tallow 12 weeks 53.26 £ 1.90 mg/dL - increased
(Tuzcu et al.,

2017a)

Song et al. 2017 4 weeks 15% lard, 10% custard poder, 28 days Values not informed — serum
(Song et al., 120-150¢g 1.2% cholesterol, 0.3% s6dum cholesterol significantly increased
2017) taurocholate

Csont et al. 2013 6 weeks 2% cholesterol, 0.25% cholic 8 weeks Values not informed — serum
(Csont et al., 170-200g acid cholesterol significantly increased
2013)
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Li et al.(Li et

al., 2016)

2016

8 weeks

180-220g

10% lard, 20% sucrose, 2%

cholesterol, 1% bile salt

8 weeks

Values not informed — serum

cholesterol significantly increased
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5. MANUSCRITO EM INGLES
EFFECT OF CASSAVA FLOUR ON LIPIDIC AND REDOX PROFILE OF

DISLIPIDEMIC WISTAR RATS (RATTUS NORVEGICUS)
(Manuscrito a ser submetido para a revista Plant Foods for Human Nutrition, fator
de impacto: 2.465)
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ABSTRACT

One of the major risk factors for cardiovascular disease is high total cholesterol. It is known
that some foods can reduce plasma cholesterol, such as oats. Cassava flour has a similar
amount of fiber when compared to oats. In view of this, the objective of this study was to
evaluate the hypocholesterolemic potential of cassava flour. Thirty Wistar (eight-week-old) rats
were divided into 3 groups: control, high cholesterol diet (HC), high cholesterol diet + cassava
flour (CF) and were treated for 8 weeks. The weight and food consumption of the animals were
evaluated weekly. After euthanasia, analyzes of biochemical and oxidative stress profile were
performed, besides histological analysis of the liver. Cassava flour was able to protect animals
from lipoperoxidation, according to TBARS results and improve SOD activity and thiol content,
however failed to improve the lipid profile and CAT in the animals. Cassava flour was possibly
able to slow the progression of NASH (Non-Alcoholic Steatosis Hepatitis) according to liver

histology.
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INTRODUCTION

Cardiovascular diseases accounts for 17.3 million deaths per year worldwide and this
number is estimated to double in the next 15 years [1]. It is now known that there is a strong
relationship between cardiovascular diseases and genetic, environmental and lifestyle
factors. When these factors coexist with risk factors for these diseases, the risk of coronary
artery disease (CAD) increases exponentially [2]. The main risk factors associated with
these diseases are hypertension, high total cholesterol, reduced HDL cholesterol, smoking,
Diabetes Mellitus type 2 and age [3].

CAD is characterized by obstruction or narrowing of the coronary arteries, leading to
insufficient blood supply to the heart. One of the major modifiable risk factors for CAD is high
cholesterol [4, 5]. Its control, mainly of the LDL-cholesterol (low density lipoprotein) can
modify the cardiovascular outcomes like infarct and death positively [5].

Studies show a relationship between overproduction of reactive species and atherosclerosis
[6, 7]. Increased oxidative stress associated with decreased antioxidant defenses can lead
to metabolic disorders and changes in cellular signaling [8].

It is known that lifestyle modification and improvement of eating habits are very important
for the control of high cholesterol. One of the changes that has a big influence is an adequate
consumption of fiber in the diet [3].

The Association of Official Analytical Chemists (AOAC), defines dietary fiber as the
nondigestible portion of the plant food, which resists intestinal digestion and absorption, but
with complete or partial fermentation in the large intestine [9]. Dietary fibers include
polysaccharides, oligosaccharides, lignin, and other substances that promote beneficial
physiological effects to humans such as laxatives, attenuation of blood cholesterol and/or
attenuation of glycemia [10].

The decrease in cholesterol in relation to the consumption of fibers is already well known
and presents significant results [11]. Examples of foods that are associated with a significant
amount of dietary fiber are oats and cassava flour. In oats, total dietary fiber ranges from
9.62 to 13.86% [12].

Oats and cassava flour have a similar composition with respect to the total fiber content,
according to a study by Montagnac [13]. Cassava flour is widely consumed by Brazilians
and has a reduced cost when compared to oats. Itis also a food that does not contain gluten
and can be consumed by individuals who have celiac disease, while several brands of oats

may contain traces of this protein.
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The aim of this study was to evaluate the effects of cassava flour on lipid and metabolic
profile in dyslipidemic rats, in order to identify a dietary alternative for dislipidemia.

MATERIALS AND METHODS

The study was approved by the Comissdo de Etica no Uso de Animais (CEUA) of
Universidade Federal de Ciéncias da Saude de Porto Alegre — UFCSPA (approval number
#534/17).

Experimental design

Thirty male Wistar rats 8 weeks old (weighing 200 £ 50 g) were obtained from the Central
Animal House of UFCSPA. The animals were maintained on 12 h light/12 h dark cycles at
a constant room temperature (20-24° C) with free access to water and food.

After 1 week of acclimatization, the animals were randomly allocated into three groups, with
10 rats in each group: (i) normal control group: animals fed with normal chow throughout the
experimental period of 8 weeks; (i) high cholesterol (HC) group: rats fed with high
cholesterol diet throughout the experimental period of 8 weeks; high cholesterol + cassava
flour (CF) group: rats fed with high cholesterol enriched with cassava flour diet throughout
the experimental period of 8 weeks. The composition of diets (control, HC and CF) is shown
in Table 1. The amount of cassava flour chosen was based on studies of a similar food (oats)

in the same species and with the same study time [12, 13] .

Table 1. Composition of nutrients from high cholesterol diet compared to standard diet and cassava flour diet
Standard diet  High cholesterol High
diet (HC) cholesterol +

cassava flour
diet (CF)
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Protein (%) 22 18.8 18.8
Carbohydrates (%) 55 40.9 40,9
Fat (%) 45 40.3 40.3
Cholesterol (%) 0 1 1
Colic acid (%) 0 0.25 0.25
Cassava Flour (g/kg) 0 0 50

At the end of the treatment, animals were kept in 4h fasting and sacrificed by decapitation
without anestesia. Samples from blood and liver and were collected and kept at -80°C for

further analysis or fixed in formalin.

Plasma preparation

Blood was centrifuged at 8000 rpm for 15 min within 30 min of collection into citrate buffer
containing tubes. Plasma was separated and transferred to Eppendorff tubes for storage at

-20 °C before analysis.
Tissue preparation

Liver was homogenized in sodium phosphate buffer pH 7.4 containing KCI (1:10, w/v). The
homogenates were centrifuged at 3,500 rpm for 10 min at 4° C. Immediately the supernatant

was separated and used for biochemical determinations.

Liver of the animals was, also, fixed in 10% formalin solution. The tissue was processed and
embedded in paraffin, cuts of 4um were prepared and stained with hematoxylin-eosin; the

stained areas were analyzed under an optical microscope with an increase of x200.
Weight gain

The animals were weighted three times a week, so the weight gain could be quantified. At
the end of the experimental time, the naso-anal length was measured, and the Lee Index

was calculated.

Biochemical profile evaluation
Plasma levels of total cholesterol, HDL-cholesterol, LDL-cholesterol, VLDL-cholesterol,

triacylglycerols, glucose, urea, creatinine, proteins, AST (aspartate aminotransferase), ALT
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(alanine aminotransferase) were measured according to fabricant instructions (Bioclin /
Quibasa © 2012).

Redox profile determination
The redox profile was determined on liver homogenate.

Thiobarbituric _acid-reactive substances (TBARS): Samples were mixed with 20%

trichloroacetic acid and 0.8% thiobarbituric acid and then heated in boiling water bath for 60
min. TBARs were determined by the absorbance at 535 nm and reported as nmol
TBARs/mg of protein [14].

Sulfhydryls: This method is based on the 5,5-dithiobis (2-nitrobenzoic acid) (DTNB)
reduction by thiols that produces a yellow solution which absorption is measured

spectrophotometrically at 412 nm [15]. Results were reported as nmol TNB/mg of protein.

Catalase (CAT) assay: activity was assayed according to Aebi [16], based on the

decomposition of H>O> monitored spectrophotometrically at 240 nm, at ambient
temperature. One CAT unity is defined as 1 mmol of hydrogen peroxide consumed per

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

Superoxide dismutase (SOD) assay: SOD activity was measured spectrophotometrically at

480nm to Misra and Fridovich [17]. This method is based on the inhibition of adrenaline
autoxidation in alkaline medium by the enzyme. Results were reported as units/mg of

protein.
Protein determination

Protein was determined spectrophotometrically at 650 nm by the Lowry and colleagues [18].

This method uses bovine serum albumin as standard.
Histological study

Sections of 5 um thickness of liver tissue of 3 animals per group were stained with

Hematoxylin-Eosin and examined under an Olympus CX41 light microscope x400.

Statistical analysis
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Statistical analysis was performed using the GraphPad Prisma 6. Data were presented as
means + SD. Determinations were obtained from ten animals per group, normality was
analyzed by Bartlett's test and the differences were examined using one-way analysis of
variance (ANOVA) followed by a Tukey post hoc test. Values of p< 0.05 were considered

significant.

RESULTS

Was observed a higher weight gain in the cassava flour group (CF) when compared to the
control group (p<0.05). Moreover, no statistically significant difference was observed in the
weight gain of the high cholesterol (HC) group when compared to the control group (figure
1). The Lee index did not present significant differences between the three groups.
Throughout the 8 weeks of study, the animals gained weight longitudinally, and began to
present differences in this parameter in the three groups from the third week (figure 2).

In figure 3 it can be noted that the caloric consumption of the HC and CF groups were
significantly higher than the control group (p<0.05).

Figure 4 shows the amount of epididymal white adipose tissue in the three studied groups.
The HC and CF groups had more adipose tissue than the control group at the end of the
study (p<0.05).
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Figure 1 —Weight gain of rats treated with different diets. All values are expressed as mean + SD
(n=10). * different when compared to control group (p<0.05, ANOVA followed by Tukey Test).

Control: standard diet; HC: high cholesterol diet; CF: high cholesterol plus cassava flour diet.
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Figure 2 — Weight gain among study time. Control: standard diet; HC: high cholesterol diet; CF: high

cholesterol plus cassava flour diet.
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Figure 3 — Caloric consumption of rats treated with different diets. All values are expressed as mean
+ SD (n=10). * different when compared to control group (p<0.05, ANOVA followed by Tukey Test).

Control: standard diet; HC: high cholesterol diet; CF: high cholesterol plus cassava flour diet.
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Figure 4 —Epididymal white adipose tissue of rats treated with different diets. All values are

expressed as mean = SD (n=10). * different when compared to control group (p<0.01, ANOVA
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followed by Tukey Test). Control: standard diet; HC: high cholesterol diet; CF: high cholesterol plus
cassava flour diet.

As we can observe in Table 1, the intake of the high cholesterol diet significantly increased
the content of total cholesterol and LDL cholesterol in the diet group compared to the control
group (p<0.0001). It is also possible to observe that the diet containing cassava flour was
not able to prevent the increase of total cholesterol and LDL in the supplemented group
(p<0.0001). Regarding triglycerides, it was observed that the treated groups had lower levels
than the control group (P<0.0001). The HDL-cholesterol and glycemia did not present
significant difference.

Still in table 1, data of urea, creatinine, AST and ALT were analyzed. It can be observed a
significant increase of AST on HC and CF groups (p=0.001) and ALT only on CF group
(p=0.026). Urea was decreased in the treated groups when compared to the control group

(p <0.0001), and creatinine was not different among the groups (p=0.081).

Table 1 — Plasma biochemical profile of Wistar rats supplemented or not with cassava flour.

Parameters Groups
Control HC CF
Triglycerides (mg/dL) 124.2 + 40.0 43.1 +13.2* 70.8 £ 20.7*
Total cholesterol 63.5+10,3 124.0 £ 19.7* 125.3 £ 16.2*
(mg/dL)
HDL - cholesterol 16.1 +6.5 129+4.7 12.7 £3.2
(mg/dL)
LDL — cholesterol 240+11.4 100.3 £ 20.2* 101.1 £ 20.5*
(mg/dL)
Glycemia(mg/dL) 187.1 £ 26.0 178.3+£23.8 174.6 £31.3
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Urea (mg/dL) 39.8+9.5 17.4 + 4.9 20.70 + 4.9*

Creatinine (mg/dL) 0.45+£0.17 0.29 £0.11 0.44 £0.16
AST (mg/dL) 112.8 +14.0 164.5 £ 70.6* 179.1 £ 33.0*
ALT (mg/dL) 49,9 +25.6 80.8 £36.5 88.0 £ 24.7*

All values are expressed as mean = SD (n = 7-10). * Difference when compared to control group
(p<0.05, ANOVA followed by Tukey Test). Control: standard diet; HC: high cholesterol diet; CF: high

cholesterol plus cassava flour diet.

As regards liver redox status, the sulfhydryl content analyzed in the liver of the animals
presented differences between the control group and the HC and CF groups, which had this
parameter significantly increased (p<0.0001) (figure 5).
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Figure 5 —Sulfhydryl content in liver of rats treated with different diets. All values are expressed as
mean + SD (n = 10). ** different when compared to control (p <0.01, ANOVA followed by Tukey's

test). Control: standard diet; HC: high cholesterol diet; CF: high cholesterol plus cassava flour diet.

TBARS, a marker of lipoperoxidation, was higher in the liver of the HC group comparing to

the control, and cassava flour was able to prevent this alteration (p<0.0001) (figure 6).
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Figure 6 —TBARS in liver of rats treated with different diets. All values are expressed as mean + SD
(n = 10). * significant difference between control (p <0.01, ANOVA followed by Tukey's test). Control:

standard diet; HC: high cholesterol diet; CF: high cholesterol plus cassava flour diet.

SOD activity was also higher in the liver of the HC group compared to the control, and

cassava flour was able to prevent the increase (p<0.0001) (figure 7).
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Figure 7 =SOD content in liver of rats treated with different diets. All values are expressed as mean
+ SD (n = 10). ** different when compared to control, # different when compared to HC (p <0.0001,
ANOVA followed by Tukey's test). Control: standard diet; HC: high cholesterol diet; CF: high

cholesterol plus cassava flour diet.

CAT activity was lower in the liver of the HC group compared to the control, and even lower
in the CF group (p<0.0001) (figure 6).
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Figure 8 —CAT content in liver of rats treated with different diets. All values are expressed as mean
+ SD (n = 10). ** different when compared to control # different when compared to HC (p <0.0001,
ANOVA followed by Tukey's test). Control: standard diet; HC: high cholesterol diet; CF: high

cholesterol plus cassava flour diet.

In Figure 9, it is possible to notice the liver damage in the HC and CF groups. We can see
the portal triad in the three groups. The image of the control group shows a healthy liver.
Figure 9B shows hepatocytes with intense macro and microvesicular steatosis, besides
balonization and an apparent thickening in the Disse space. In the Figure 9C were also

found hepatocytes with intense predominantly macrovesicular steatosis, but with less

balonization and less thickening in the Disse space.

Figure 9 - Histological images in liver of rats treated with different diets. a = portal triad. (A) Control:

standard diet; (B) HC: high cholesterol diet; (C) CF: high cholesterol plus cassava flour diet.

DISCUSSION

Cardiovascular diseases are one of the leading causes of death in developed and
developing countries [19], and its major modifiable risk factors are inadequate diet,

sedentary lifestyle and smoking [2]. Poor diet, high in fat and cholesterol, can lead to
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development of atherosclerotic plagues, which in turn obstruct the arteries of the heart,
leading to CAD [5]. Among dietary modifications that can be made to prevent CAD is the
increase in fiber intake [20]. Cassava flour is rich in fiber and does not contain gluten,
however , it is a poorly studied food [21]. In this sense, our goal was to evaluate the effect
of cassava flour supplementation on metabolic parameters in dyslipidemic rats induced by
increased cholesterol diet.

The CF and HC groups consumed more calories when compared to the control group, and
therefore had a greater weight gain. The highest calorie intake may have been due to the
taste of the diet. There is evidence that the flavor influences the amount of food consumed
directly and, consequently, the weight gain of the animals [22].

Our results showed that the total and LDL cholesterol could not be improved with
consumption of the CF diet. The control group and the treated groups had a large difference
in these two parameters, and this could be influenced by the difference in calories between

the control diet and the other two diets.

According to Souza, the fiber content of cassava flour is satisfactory [23] and similar to that
of oats [12], therefore we expected to find a hypocholesterolemic effect, since oats
demonstrated a hypocholesterolemic effect [24, 25]. When the soluble fiber and beta-
glucans content of the two foods is compared, it can be seen that oats have higher amounts
[23, 26]. This may have been the reason for the effect of cassava flour on total cholesterol

and LDL cholesterol levels not having been as expected in the study.

A study that used oats as intervention tested at various concentrations and found a
significant difference in cholesterol reduction between groups with different amounts of
added oats, being 50, 100 and 150 g/kg of diet [27]. With this in view, it is also possible that
the amount of cassava flour added to the diet was not sufficient to cause a change since

only 50g / kg cassava flour diet was added to the CF group.

The parameters of glycemia and HDL were not modified. This result of HDL can be explained
by its direct relation with physical exercise, and in the present study the animals were not
trained. Studies that evaluated this parameter and that trained the animals were able to

observe a significant modification [28].

The consumption of high fat diets leads to an accumulation of triglycerides in the liver if it is

not used as a substrate for the organism [29]. This is not in agreement with the findings of
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the present study, where the plasma triglyceride levels of the control group were higher than
those of the treated groups. However, when analyzing the livers of the animals, it was
noticed that the HC and CF groups had damages in this organ, with a clear hepatic steatosis.
Furthermore, hepatic steatosis may be related to the increase in plasma levels of ALT and
AST observed in the HC and CF groups. In addition, studies show a relationship between a
diet high in cholesterol and fat and the increase of these two parameters [30, 31].

We also observed a lower urea level in plasma of animals treated with high cholesterol diet.
It is possible that a lower intake of proteins associated to an energy-rich diet decrease the
formation of urea in the liver, since amino acids are used for protein synthesis and are not
degraded as energy source [32, 33]. Allied to this, the hepatic damage observed in the
groups CF and HC can lead to a decrease in activity of urea cycle reducing urea synthesis
[33, 34]. Creatinine plasma levels is not affected by liver function, once it is synthetized from
creatine in the muscle [35], which explains that we did not observe differences among the

groups.

Regarding the redox parameters, the cassava flour was able to protect the animals from
lipoperoxidation, according to liver TBARS results. A study that evaluated the same
parameter using oats as a treatment, instead of cassava flour, also obtained positive results
[36], which indicates a similarity between the two foods, and can be explained by the similar
fiber content, even if the type of fiber differs. Still on the TBARS in the liver, it can be said
that the inflammation is smaller in the CF group, which is according to the findings of the

histological evaluation of the organ.

Sulfhydryls are characterized as SH- thiol groups that act as antioxidants in the body, such
as glutathione and when present in proteins and other compounds can be oxidized in the
presence of free radicals [37]. Karaman and cols demonstrated that rats submitted to a high
fat diet presented a recover of glutathione levels at 90 days, but not at 30 or 180 days, as
well as an improve in glutathione reductase[38]. In our study, the sulfhydryl content in liver
of treated animals showed an increase which it is possible a compensatory response of
antioxidant system stimulated by the consumption of fat and cholesterol. In our study the
animals were treated by 60 days, then it is possible that we were observing a similar effect

of Karaman e cols results.
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The increase of SOD activity may indicate a compensatory effect against free radicals
increase in HC group, similar to observed on thiol content. It is possible that the high fat/high
cholesterol diet cause an increase in free radicals leading to an unbalance and stimulating
antioxidant defenses. In other words, the increase in free radicals content give rise to SOD
activity as a protection mechanism [39, 40]. The cassava flour was able to partially prevent
the increase of this enzyme activity, probably because in this group there is less free radicals
formation. This is in accordance to TBARS results which shows less oxidative damage in
cassava flour group. On the other hand, our results shown a reduction in catalase activity in
treated groups. These results may be explained by the unbalance caused by excessive fat
ingestion in HC and CF groups. Still, cassava flour treatment was not able to prevent this
decrease in CAT activity. In physiological situations, there is a basal amount of catalase,
which creates a redox balance between oxidants and antioxidants in the body [41]. Our CAT
results are in agreement with literature, once it has been already established that there is
an inverse relationship between catalase activity and damage caused by high fat and high

cholesterol diet consumption [42].

On the histological evaluation of the liver, it is possible to verify that both HC and CF
group present NASH (nonalcoholic steatosis hepatitis), but in the CF group this condition
presents in a more initial stage. For NASH to be confirmed, it would be necessary to confirm
the existence of fibrosis and the thickening of the space of Disse by specific histological
techniques. It can be said that cassava flour prevented further liver damage from these
blades. A study by Xie et al. also observed hepatic damage in the liver of animals treated
with high cholesterol diet [43].

CONCLUSION

Cassava flour was able to protect animals submitted to a high fat/high cholesterol diet from
oxidative stress once prevent lipid peroxidation and improve SOD activity and thiol content.
However, it failed to improve the lipid profile and CAT activity in the animals. Besides,
cassava flour was possibly able to slow the progression of NASH according to liver histology.
Nevertheless, further studies are needed to complement the findings of the present study,

possible using greater amounts of cassava flour on diet.
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6. CONCLUSAO

A farinha de mandioca protegeu do estresse oxidativo os animais submetidos a uma
dieta rica em colesterol, uma vez que preveniu a peroxidacdo lipidica e aumentou a
atividade de SOD. No entanto, falhou na melhora do perfil lipidico e da atividade da CAT
nos animais. Além disso, a farinha de mandioca possivelmente retardou a progressao de
esteatose hepatica ndo alcodlica nos animais de acordo com a histologia de figado. Nesse
sentido, mais estudos sdo necessarios para complementar os achados do presente estudo,
possivelmente utilizando maior quantidade de farinha de mandioca na dieta e comparando

esse alimento a aveia.
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7. ANEXOS

7.1 Carta de aprovacao CEUA
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7.2. Normas da revista Archives of Physiology and Biochemistry (Referente ao capitulo
2)

About the Journal

Archives of Physiology and Biochemistry is an international, peer-reviewed journal
publishing high-quality, original research. Please see the journal's Aims & Scope for
information about its focus and peer-review policy.

Please note that this journal only publishes manuscripts in English.

Archives of Physiology and Biochemistry accepts the following types of article: Original
papers, Reviews, Editorials.

Peer Review and Ethics

Taylor & Francis is committed to peer-review integrity and upholding the highest standards
of review. Once your paper has been assessed for suitability by the editor, it will then be
single blind peer reviewed by independent, anonymous expert referees. Find out more
about what to expect during peer review and read our guidance on publishing ethics.

Preparing Your Paper

Structure

Your paper should be compiled in the following order: title page; abstract; keywords; main
text introduction, materials and methods, results, discussion; acknowledgments;
declaration of interest statement; references; appendices (as appropriate); table(s) with
caption(s) (on individual pages); figures; figure captions (as a list).

Word Limits

Please include a word count for your paper. There are no word limits for papers in this
journal.

Style Guidelines

Please refer to these quick style guidelines when preparing your paper, rather than any
published articles or a sample copy.

Please use British (-ise) spelling style consistently throughout your manuscript.

Please use double quotation marks, except where “a quotation is ‘within’ a quotation”.
Please note that long quotations should be indented without quotation marks.

72


https://www.tandfonline.com/action/journalInformation?show=aimsScope&journalCode=IARP
http://authorservices.taylorandfrancis.com/what-to-expect-during-peer-review/
http://authorservices.taylorandfrancis.com/ethics-for-authors/
http://authorservices.taylorandfrancis.com/tf_quick_guide/

General Style Authors are asked to take into account the diverse audience of the journal.
Please avoid the use of terms that might be meaningful only to a local or national
audience, or provide a clear explanation where this is unavoidable. However, papers that
reflect the particularities of a social and cultural system are acceptable. Some specific
points on style follow:

Authors should write in clear, concise UK English. Language and grammar should be
consistent with Fowler's English Usage; spelling and meaning of words should conform to
Webster's Dictionary. If English is not your native language please ensure the manuscript has
been reviewed by a native speaker. Please note: extensive rewriting of the text will not be
undertaken by the editorial staff.

Latin terminology, including microbiological and species nomenclature, should be italicised.

Use standard convention for human and animal genes and proteins: italics for genes and
regular font for proteins, and upper case for human products and lower case for animal
products.

“US” is preferred to “American”, “USA” to “United States”, and “UK” to “United Kingdom”.

Punctuation of common abbreviations should adhere to the following conventions: “e.g.”; “i.e.”;
“cf.”. Note that such abbreviations should not generally be followed by a comma or a (double)
point/period.

Upper case characters in headings and references should be used sparingly, e.g. only the first
word of paper titles, subheadings and any proper nouns begin upper case; similarly for the
titles of papers from journals in the references and elsewhere.

Apostrophes should be used sparingly. Thus, decades should be referred to as follows: “The
1980s [not the 1980"s] saw ...”. Possessives associated with acronyms (e.g. APU), should be
written as follows: “The APU"s findings that ...” but note that the plural is “APUs”.

All acronyms for national agencies, examinations, etc., should be spelled out the first time
they are introduced in text or references. Thereafter the acronym can be used if appropriate,
e.g. “The work of the Assessment of Performance Unit (APU) in the early 1980s ...” and
subsequently, “The APU studies of achievement ...”, in a reference “(Department of Education
and Science [DES] 1989a)”.

Brief biographical details of significant national figures should be outlined in the text unless it
is quite clear that the person concerned would be known internationally. Some suggested
editorial comments in a typical text are indicated in the following with square brackets: “From
the time of H. E. Armstrong [in the 19th century] to the curriculum development work
associated with the Nuffield Foundation [in the 1960s], there has been a shift from
constructivism to heurism in the design of [British] science courses”.

The preferred local (national) usage for ethnic and other minorities should be used in all
papers. For the USA, “African-American”, “Hispanic” and “Native American” are used, e.g.
“The African-American presidential candidate, Jesse Jackson ...”; for the UK, “Afro-

Caribbean” (not “West Indian”), etc.

73



Material to be emphasised by italicisation in the printed version should be italicised in the
typescript rather than underlined. Please use such emphasis sparingly.

Numbers in text should take the following forms: 300, 3000, 30 000 (not 30,000). Spell out
numbers under 10 unless used with a unit of measure, e.g. nine pupils but 9 mm (do not use
full stops (periods) within units). For decimals, use the form 0.05 (not .05, x 05 or 0x 05). “%”
(not “per cent”) should be used in typescripts.

Appendices should appear before the references section and after any acknowledgements
section. The style of the title is shown by the following example: “Appendix C: The random
network generator”. Figures and tables within appendices should continue the sequence of
numbering from the main body of the text. Sections within appendices should be numbered,
for example, C.1, C.2. Equations in appendices should be numbered, for example, (C 1), (C
2). If there is only one appendix, it is referred to as “the appendix” and not called “Appendix
A’

Formatting and Templates

Papers may be submitted in Word format. Figures should be saved separately from the
text. To assist you in preparing your paper, we provide formatting template(s).

Word templates are available for this journal. Please save the template to your hard drive,
ready for use.

If you are not able to use the template via the links (or if you have any other template
gueries) please contact us here.

References

Please use this reference guide when preparing your paper.

Checklist: What to Include

Author details. All authors of a manuscript should include their full name and affiliation on the
cover page of the manuscript. Where available, please also include ORCiDs and social media
handles (Facebook, Twitter or LinkedIn). One author will need to be identified as the
corresponding author, with their email address normally displayed in the article PDF
(depending on the journal) and the online article. Authors’ affiliations are the affiliations where
the research was conducted. If any of the named co-authors moves affiliation during the peer-
review process, the new affiliation can be given as a footnote. Please note that no changes to
affiliation can be made after your paper is accepted. Read more on authorship.

Should contain a structured abstract of no more than 150 words. The recommended format is
as a structured abstract, with the following headings for an original article: context, objective,
materials and methods, results, discussion and conclusion. For a review article, it should be
structured as follows: context, objective, methods (including data sources, study selection and
data extraction), results and conclusion. It should be written in an informative style permitting
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its use, without revision, by abstracting services, give essential details of research findings
without further reference to the text, and avoid generalisations and nonessential information.

You can opt to include a video abstract with your article. Find out how these can help your
work reach a wider audience, and what to think about when filming.

No more than 5 keywords. Read making your article more discoverable, including information
on choosing a title and search engine optimization.

Funding details. Please supply all details required by your funding and grant-awarding bodies
as follows:

For single agency grants

This work was supported by the [Funding Agency] under Grant [number xxxx].

For multiple agency grants

This work was supported by the [Funding Agency #1] under Grant [number xxxx]; [Funding
Agency #2] under Grant [number xxxx]; and [Funding Agency #3] under Grant [number xxxx].

Disclosure statement. This is to acknowledge any financial interest or benefit that has arisen
from the direct applications of your research. Further guidance on what is a conflict of interest
and how to disclose it.

Data availability statement. If there is a data set associated with the paper, please provide
information about where the data supporting the results or analyses presented in the paper
can be found. Where applicable, this should include the hyperlink, DOI or other persistent
identifier associated with the data set(s). Templates are also available to support authors.

Data deposition. If you choose to share or make the data underlying the study open, please
deposit your data in a recognized data repository prior to or at the time of submission. You will
be asked to provide the DOI, pre-reserved DOI, or other persistent identifier for the data set.

Supplemental online material. Supplemental material can be a video, dataset, fileset, sound
file or anything which supports (and is pertinent to) your paper. We publish supplemental
material online via Figshare. Find out more about supplemental material and how to submit it
with your article.

Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and 300
dpi for colour, at the correct size). Figures should be supplied in one of our preferred file
formats: EPS, PS, JPEG, GIF, or Microsoft Word (DOC or DOCX). For information relating to
other file types, please consult our Submission of electronic artwork document.

Tables. Tables should present new information rather than duplicating what is in the text.
Readers should be able to interpret the table without reference to the text. Please supply
editable files.

Equations. If you are submitting your manuscript as a Word document, please ensure that
equations are editable. More information about mathematical symbols and equations.

Units. Please use Sl units (non-italicized).
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Using Third-Party Material in your Paper

You must obtain the necessary permission to reuse third-party material in your article. The
use of short extracts of text and some other types of material is usually permitted, on a
limited basis, for the purposes of criticism and review without securing formal permission.
If you wish to include any material in your paper for which you do not hold copyright, and
which is not covered by this informal agreement, you will need to obtain written permission
from the copyright owner prior to submission. More information on requesting permission
to reproduce work(s) under copyright.

Submitting Your Paper

This journal uses ScholarOne Manuscripts to manage the peer-review process. If you
haven't submitted a paper to this journal before, you will need to create an account in
ScholarOne. Please read the guidelines above and then submit your paper in the relevant
Author Centre, where you will find user guides and a helpdesk.

Please note that Archives of Physiology and Biochemistry uses Crossref™ to screen
papers for unoriginal material. By submitting your paper to Archives of Physiology and
Biochemistry you are agreeing to originality checks during the peer-review and production
processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find
out more about sharing your work.

Data Sharing Policy

This journal applies the Taylor & Francis Basic Data Sharing Policy. Authors are
encouraged to share or make open the data supporting the results or analyses presented
in their paper where this does not violate the protection of human subjects or other valid
privacy or security concerns.

Authors are encouraged to deposit the dataset(s) in a recognized data repository that can
mint a persistent digital identifier, preferably a digital object identifier (DOI) and recognizes
a long-term preservation plan. If you are uncertain about where to deposit your data,
please see this information regarding repositories.

Authors are further encouraged to cite any data sets referenced in the article and provide
a Data Availability Statement.

At the point of submission, you will be asked if there is a data set associated with the
paper. If you reply yes, you will be asked to provide the DOI, pre-registered DOI, hyperlink,
or other persistent identifier associated with the data set(s). If you have selected to provide
a pre-registered DOI, please be prepared to share the reviewer URL associated with your
data deposit, upon request by reviewers.

Where one or multiple data sets are associated with a manuscript, these are not formally
peer reviewed as a part of the journal submission process. It is the author’s responsibility
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to ensure the soundness of data. Any errors in the data rest solely with the producers of
the data set(s).

Publication Charges
There are no submission fees, publication fees or page charges for this journal.

Colour figures will be reproduced in colour in your online article free of charge. Ifitis
necessary for the figures to be reproduced in colour in the print version, a charge will

apply.

Charges for colour figures in print are £300 per figure ($400 US Dollars; $500 Australian
Dollars; €350). For more than 4 colour figures, figures 5 and above will be charged at £50
per figure ($75 US Dollars; $100 Australian Dollars; €65). Depending on your location,
these charges may be subject to local taxes.

Copyright Options

Copyright allows you to protect your original material, and stop others from using your
work without your permission. Taylor & Francis offers a number of different license and
reuse options, including Creative Commons licenses when publishing open access. Read
more on publishing agreements.

Complying with Funding Agencies

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
PubMedCentral on behalf of authors, meeting the requirements of their respective open
access policies. If this applies to you, please tell our production team when you receive
your article proofs, so we can do this for you. Check funders’ open access policy
mandates here. Find out more about sharing your work.

Open Access

This journal gives authors the option to publish open access via our Open Select
publishing program, making it free to access online immediately on publication. Many
funders mandate publishing your research open access; you can check open access
funder policies and mandates here.

Taylor & Francis Open Select gives you, your institution or funder the option of paying an
article publishing charge (APC) to make an article open access. Please

contact openaccess@tandf.co.uk if you would like to find out more, or go to our Author
Services website.

For more information on license options, embargo periods and APCs for this journal
please go here.
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My Authored Works

On publication, you will be able to view, download and check your article’s metrics
(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis
Online. This is where you can access every article you have published with us, as well as
your free eprints link, so you can quickly and easily share your work with friends and
colleagues.

We are committed to promoting and increasing the visibility of your article. Here are some
tips and ideas on how you can work with us to promote your research.

Article Reprints

You will be sent a link to order article reprints via your account in our production system.
For enquiries about reprints, please contact the Taylor & Francis Author Services team

at reprints@tandf.co.uk. You can also order print copies of the journal issue in which your
article appears.
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7.3 Normas da revista Plant Foods for Human Nutrition (Referente ao capitulo 3)

Types of papers

Manuscripts, review papers, short communication.

16 double-spaced page requirement for original ms; 30 pages for review article; 4 pages for short
communication. Title page, references, tables and figures should be included in the manuscript body.

Line spacing should be doubled.

The font size regardless of style should be 12pt.

At least five potential reviewers should be provided.

Additional information

Abbreviations should be collected and their explanations should be collected in a list, arranged alphabetically.

Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as
well as by the responsible authorities - tacitly or explicitly - at the institute where the work has been carried
out. The publisher will not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are
required to obtain permission from the copyright owner(s) for both the print and online format and to include
evidence that such permission has been granted when submitting their papers. Any material received without
such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the
instructions given on the screen.

Please ensure you provide all relevant editable source files. Failing to submit these source files might cause
unnecessary delays in the review and production process.

Title page

Title Page
The title page should include:
The name(s) of the author(s)
A concise and informative title
The affiliation(s) and address(es) of the author(s)
The e-mail address, and telephone number(s) of the corresponding author

If available, the 16-digit ORCID of the author(s)

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or
unspecified references.

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

Scientific style
Please always use internationally accepted signs and symbols for units (SI units).
Genus and species names should be in italics.
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Please use the standard mathematical notation for formulae, symbols etc.:

Italic for single letters that denote mathematical constants, variables, and unknown quantities
Roman/upright for numerals, operators, and punctuation, and commonly defined functions or
abbreviations, e.g,, cos, det, e or exp, lim, log, max, min, sin, tan, d (for derivative)

Bold for vectors, tensors, and matrices.

References

Citation

Reference citations in the text should be identified by numbers in square brackets. Some examples:
1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text and that have been published or
accepted for publication. Personal communications and unpublished works should only be mentioned in the
text. Do not use footnotes or endnotes as a substitute for a reference list.
The entries in the list should be numbered consecutively.
Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity
intermittent training on heart rate variability in prepubescent children. Eur ] Appl Physiol 105:731-738.
https://doi.org/10.1007 /s00421-008-0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be
accepted:
Smith ], Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl ] Med 965:325-329

Article by DOI
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. ] Mol Med.
https://doi.org/10.1007 /s001090000086

Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn.
Wiley, New York, pp 230-257

Online document
Cartwright ] (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16 /1. Accessed 26 June 2007

Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see

ISSN.org LTWA
If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations
and reference list.

EndNote style (zip, 2 kB)

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is included in Springer’s
LaTeX macro package.
Tables

All tables are to be numbered using Arabic numerals.


http://www.issn.org/services/online-services/access-to-the-ltwa/
http://static.springer.com/sgw/documents/943237/application/zip/SpringerBasicNumber.zip

Tables should always be cited in text in consecutive numerical order.
For each table, please supply a table caption (title) explaining the components of the table.

Identify any previously published material by giving the original source in the form of a reference at the end
of the table caption.
Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values

and other statistical data) and included beneath the table body.

Artwork and lllustrations Guidelines

Electronic Figure Submission
Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also
acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g,, Figl.eps.

Line Art
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Definition: Black and white graphic with no shading.

Do not use faint lines and /or lettering and check that all lines and lettering within the figures are legible at
final size.

All lines should be at least 0.1 mm (0.3 pt) wide.
Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

81



Halftone Art

¥

Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magnification is used in the photographs, indicate this by using scale bars within the figures themselves.
Halftones should have a minimum resolution of 300 dpi.

Combination Art
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Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering,
color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.



If black and white will be shown in the print version, make sure that the main information will still be visible.
Many colors are not distinguishable from one another when converted to black and white. A simple way to check
this is to make a xerographic copy to see if the necessary distinctions between the different colors are still
apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm (8-12 pt).
Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt
type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).
If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering
of the main text. Do not number the appendix figures,
"A1, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be
numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include the captions
in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the
caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points
in graphs.

Identify previously published material by giving the original source in the form of a reference citation at the
end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 mm (for single-
column text areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the
copyright owner(s) for both the print and online format. Please be aware that some publishers do not grant
electronic rights for free and that Springer will not be able to refund any costs that may have occurred to receive
these permissions. In such cases, material from other sources should be used.
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Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that
All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille
hardware)
Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be
able to distinguish the visual elements)
Any figure lettering has a contrast ratio of at least 4.5:1
Electronic Supplementary Material
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to
be published online along with an article or a book chapter. This feature can add dimension to the author's
article, as certain information cannot be printed or is more convenient in electronic form.
Before submitting research datasets as electronic supplementary material, authors should read the journal’s
Research data policy. We encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation and e-
mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very long download
times and that some users may experience other problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp

Text and Presentations
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be submitted as .csv or .xlIsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be
supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation,
similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)", “...
additional data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
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Captions

For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without any conversion,
editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please
make sure that

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so that users prone to

seizures caused by such effects are not put atrisk)

Ethical Responsibilities of Authors
This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on
Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of
misconduct.
Authors should refrain from misrepresenting research results which could damage the trust in the journal, the
professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of
the research and its presentation is helped by following the rules of good scientific practice, which include*:
The manuscript should not be submitted to more than one journal for simultaneous consideration.
The submitted work should be original and should not have been published elsewhere in any form or
language (partially or in full), unless the new work concerns an expansion of previous work. (Please provide
transparency on the re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’).
A single study should not be split up into several parts to increase the quantity of submissions and submitted
to various journals or to one journal over time (i.e. ‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain conditions are met. Examples
include: translations or a manuscript that is intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification or inappropriate data
manipulation (including image based manipulation). Authors should adhere to discipline-specific rules for
acquiring, selecting and processing data.

No data, text, or theories by others are presented as if they were the author’s own (‘plagiarism’). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near
verbatim), summarized and/or paraphrased), quotation marks (to indicate words taken from another source)
are used for verbatim copying of material, and permissions secured for material that is copyrighted.
Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software, questionnaires/(web) surveys and
scales in their studies (if appropriate).

Authors should avoid untrue statements about an entity (who can be an individual person or a company) or
descriptions of their behavior or actions that could potentially be seen as personal attacks or allegations
about that person.

Research that may be misapplied to pose a threat to public health or national security should be clearly
identified in the manuscript (e.g. dual use of research). Examples include creation of harmful consequences of
biological agents or toxins, disruption of immunity of vaccines, unusual hazards in the use of chemicals,
weaponization of research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author, and the order of authors
are all correct at submission. Adding and/or deleting authors during the revision stages is generally not
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permitted, but in some cases may be warranted. Reasons for changes in authorship should be explained in
detail. Please note that changes to authorship cannot be made after acceptance of a manuscript.

Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of
the results presented. This could be in the form of raw data, samples, records, etc. Sensitive information in the form
of confidential or proprietary data is excluded.
*All of the above are guidelines and authors need to make sure to respect third parties rights such as copyright
and/or moral rights.
If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an investigation
following COPE guidelines. If, after investigation, there are valid concerns, the author(s) concerned will be
contacted under their given e-mail address and given an opportunity to address the issue. Depending on the
situation, this may result in the Journal’s and/or Publisher’s implementation of the following measures,
including, but not limited to:
If the manuscript is still under consideration, it may be rejected and returned to the author.
If the article has already been published online, depending on the nature and severity of the infraction:
- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article
- or in severe cases retraction of the article may occur.
The reason will be given in the published erratum, expression of concern or retraction note. Please note that
retraction means that the article is maintained on the platform, watermarked “retracted” and the explanation for
the retraction is provided in a note linked to the watermarked article.
The author’s institution may be informed
A notice of suspected transgression of ethical standards in the peer review system may be included as part of the
author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in their
published article. The author(s) is/are requested to contact the journal and explain in what sense the error is
impacting the article. A decision on how to correct the literature will depend on the nature of the error. This
may be a correction or retraction. The retraction note should provide transparency which parts of the article
are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain individuals when
they submit their manuscripts. When suggesting reviewers, authors should make sure they are totally
independent and not connected to the work in any way. It is strongly recommended to suggest a mix of
reviewers from different countries and different institutions. When suggesting reviewers, the Corresponding
Author must provide an institutional email address for each suggested reviewer, or, if this is not possible to
include other means of verifying the identity such as a link to a personal homepage, a link to the publication
record or a researcher or author ID in the submission letter. Please note that the Journal may not use the
suggestions, but suggestions are appreciated and may help facilitate the peer review process.
Compliance with Ethical Standards
To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and
professional conduct have been followed, authors should include information regarding sources of funding,
potential conflicts of interest (financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section entitled “Compliance with
Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and /or Animals

Informed consent
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Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or
double blind peer review) as well as per journal subject discipline. Before submitting your article check the
instructions following this section carefully.
The corresponding author should be prepared to collect documentation of compliance with ethical standards
and send if requested during peer review or after publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines.
The author will be held responsible for false statements or failure to fulfill the above-mentioned guidelines.

Disclosure of potential conflicts of interest
Authors must disclose all relationships or interests that could have direct or potential influence or impart bias
on the work. Although an author may not feel there is any conflict, disclosure of relationships and interests
provides a more complete and transparent process, leading to an accurate and objective assessment of the
work. Awareness of a real or perceived conflicts of interest is a perspective to which the readers are entitled.
This is not meant to imply that a financial relationship with an organization that sponsored the research or
compensation received for consultancy work is inappropriate. Examples of potential conflicts of interests that
are directly or indirectly related to the research may include but are not limited to the following:

Research grants from funding agencies (please give the research funder and the grant number)

Honoraria for speaking at symposia

Financial support for attending symposia

Financial support for educational programs

Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of management relationships
Multiple affiliations

Financial relationships, for example equity ownership or investment interest

Intellectual property rights (e.g. patents, copyrights and royalties from such rights)
Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be
important to readers should be disclosed. These may include but are not limited to personal relationships or
competing interests directly or indirectly tied to this research, or professional interests or personal beliefs that may
influence your research.
The corresponding author collects the conflict of interest disclosure forms from all authors. In author
collaborations where formal agreements for representation allow it, it is sufficient for the corresponding author
to sign the disclosure form on behalf of all authors. Examples of forms can be found
here:

The corresponding author will include a summary statement in the text of the manuscript in a separate section
before the reference list, that reflects what is recorded in the potential conflict of interest disclosure form(s).
See below examples of disclosures:
Funding: This study was funded by X (grant number X).
Conflict of Interest: Author A has received research grants from Company A. Author B has received a speaker
honorarium from Company X and owns stock in Company Y. Author C is a member of committee Z.
If no conflict exists, the authors should state:
Conflict of Interest: The authors declare that they have no conflict of interest.

Research involving human participants and/or animals

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that the studies
have been approved by the appropriate institutional and/or national research ethics committee and have been
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performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki Declaration or
comparable standards, the authors must explain the reasons for their approach, and demonstrate that the
independent ethics committee or institutional review board explicitly approved the doubtful aspects of the
study.

If a study was granted exemption from requiring ethics approval, this should also be detailed in the manuscript
(including the name of the ethics committee that granted the exemption and the reasons for the exemption).
Authors must - in all situations as described above - include the name of the ethics committee and the reference
number where appropriate.

The following statements should be included in the text before the References section:

Ethical approval: “All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee (include name of committee +
reference number) and with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards.”

Ethical approval retrospective studies

Although retrospective studies are conducted on already available data or biological material (for which formal
consent may not be needed or is difficult to obtain) ethical approval may be required dependent on the law and
the national ethical guidelines of a country. Authors should check with their institution to make sure they are
complying with the specific requirements of their country.

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on animals, authors
should indicate whether the international, national, and/or institutional guidelines for the care and use of
animals have been followed, and that the studies have been approved by a research ethics committee at the
institution or practice at which the studies were conducted (where such a committee exists). Please provide the
name of ethics committee and relevant permit number.

For studies with animals, the following statement should be included in the text before the References section:
Ethical approval: “All applicable international, national, and/or institutional guidelines for the care and use of
animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies involving animals were in
accordance with the ethical standards of the institution or practice at which the studies were conducted.(include
name of committee + permit number)”

If articles do not contain studies with human participants or animals by any of the authors, please select one of
the following statements:

“This article does not contain any studies with human participants performed by any of the authors.”

“This article does not contain any studies with animals performed by any of the authors.”

“This article does not contain any studies with human participants or animals performed by any of the authors.”

Informed consent
English Language Editing
For editors and reviewers to accurately assess the work presented in your manuscript you need to ensure the

English language is of sufficient quality to be understood. If you need help with writing in English you should
consider:

Asking a colleague who is a native English speaker to review your manuscript for clarity.

Visiting the English language tutorial which covers the common mistakes when writing in English.

Using a professional language editing service where editors will improve the English to ensure that your

meaning is clear and identify problems that require your review. Two such services are provided by our

affiliates Nature Research Editing Service and American Journal Experts. Springer authors are entitled to a 10%

discount on their first submission to either of these services, simply follow the links below.
English language tutorial
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Nature Research Editing Service
American Journal Experts
Please note that the use of a language editing service is not a requirement for publication in this journal and does not
imply or guarantee that the article will be selected for peer review or accepted.
If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style before
publication.
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After acceptance

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web
page where you can sign the Copyright Transfer Statement online and indicate whether you wish to order
OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and you will receive the
proofs.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive
publication and dissemination rights). This will ensure the widest possible protection and dissemination of
information under copyright laws.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be expected
to make a contribution towards the extra costs.

Proof reading

The purpose of the proofis to check for typesetting or conversion errors and the completeness and accuracy of
the text, tables and figures. Substantial changes in content, e.g., new results, corrected values, title and
authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked
to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication
citable with the DOLI. After release of the printed version, the paper can also be cited by issue and page numbers.

Open Choice
Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making your
research more visible and accessible immediately on publication.
Article processing charges (APCs) vary by journal - view the full list
Benefits:
Increased researcher engagement: Open Choice enables access by anyone with an internet connection,
immediately on publication.
Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times more often on average,
and cited 1.7 more times on average*.
Easy compliance with funder and institutional mandates: Many funders require open access publishing, and
some take compliance into account when assessing future grant applications.
It is easy to find funding to support open access - please see our funding and support pages for more information.
*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis, 2018.
Open Choice
Funding and Support pages
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Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for

open access, the author(s) agree to publish the article under the Creative Commons Attribution License.
Find more about the license agreement
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