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RESUMO

Introdugao. Os efeitos adversos do consumo de acidos graxos trans (TFA) foram
amplamente estudados pela comunidade cientifica nas Ultimas décadas.
Previamente, nosso grupo identificou que a ingestdo de TFA durante a gestacéo e
lactagao promove um estado proé-inflamatério na prole aos vinte e um, bem como
aos noventa dias de vida. Por outro lado, dados da literatura indicam que a ingestao
os prebidticos podem alterar o ambiente intestinal e apresentar propriedades anti-
inflamatdrias. Objetivo. Avaliar o efeito de uma dieta suplementada com oligofrutose
(OF 10%) ou de uma dieta rica em TFA (7%), durante a gestacao e lactacdo, sobre
parametros metabdlicos e inflamatérios de ratas lactantes e da prole, com noventa
dias de vida, no que concerne a endotoxemia, metabolismo e parametros
inflamatdrios. Adicionalmente, avaliar se a dieta suplementada com OF (10%)
modifica esses parametros na prole, com noventa dias de vida, de maes que
receberam dieta contendo TFA durante getacédo e lactagdo. Métodos. No primeiro
dia de gestagdo, as ratas foram divididas em trés grupos: dieta controle (C), dieta
controle suplementada com 10% de oligofrutose (OF) e dieta enriquecida com
gordura vegetal hidrogenada, rica em TFA (T). As dietas foram mantidas durante a
gestacado e lactagdo. No vigésimo primeiro dia da lactagdo os animais foram
desmamados e as maes eutanaziadas. Os filhotes foram mantidos em gaiolas
individuais até noventa dias de vida quando foram eutanaziados. O sangue,
intestino, tecido adiposo retroperitoneal (RET), tecido adiposo parametrial das méaes
e epididimal dos filhotes, figado, tecidos musculares séleo e extensor longo dos
dedos (EDL) foram coletados. O soro foi utilizado para a dosagem de
lipopolissacarideos (LPS), acidos graxos livres (AGL), TNF-a, horménios insulina,
grelina, adiponectina e NPY, bem como de citocinas por meio de kits especificos. O
figado, RET e tecidos musculares séleo e EDL, foram utilizados para determinagéo
do conteudo de citocinas por meio de kits especificos. O figado e o tecido muscular
séleo foram colocados em tampao especifico para realizagdo de Western Blotting. O
DNA gendmico das bactérias presentes nas fezes do célon foi determinado por PCR
em tempo real. Resultados. A suplementagdo com 10% de oligofrutose durante a

gestagao e lactagao: reduziu o ganho de peso corporal, ingestao dietética materna e
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niveis séricos de adiponectina. Na prole com noventa dias de vida a suplementagao
materna de oligofrutose (10%) promoveu aumento do conteudo de IL-6 e da
expressao protéica de IL-6R, além de redugado expressao protéica de Adipo-R1 no
musculo séleo. A ingestdo materna de TFA promoveu aumento do indice de Lee e
da expressdo protéica de p-NFkB-p65 na prole com noventa dias de vida. A
suplementacao da prole com oligofrutose (10%) promoveu redugéo do indice de Lee
e do conteudo de IL-6 e TNF-a, acompanhado de uma maior expressao protéica de
Adipo-R2 em figado e DNA gendmico de Lactobacillus spp. no colon. Conclusao. A
suplementagdo com 10% de oligofrutose durante a gestagéo e lactagdo promoveu
um efeito pré-inflamatério nas maes e prole com noventa dias de vida, associados a
diminuicdo adiponectina sérica materna, aumento do conteudo de IL-6 e da
expressao protéica de IL-6R, bem como a redugao da expressao protéica de Adipo-
R1 no musculo soéleo da prole com noventa dias de vida. Por outro lado, a
suplementacgao da prole com oligofrutose (10%) reverteu o efeito obesogénico e pro-
inflamatdrio exercido pelo consumo materno de acidos graxos trans durante a
gravidez e lactagdo, reduzindo indice de Lee e o conteido de IL-6 e TNF-q,
acompanhado de maior expressao protéica de Adipo-R2 em figado. Juntos, estes
resultados indicam que a suplementagdo com oligofrutose (10%) promove efeitos

distintos em fases diferentes da vida.

Palavras Chave: 1.Gordura Vegetal Hidrogenada, 2.Inflamagao, 3.Oligofrutose,
4.Programagao Metabdlica, 5.Sindrome Metabdlica
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ABSTRACT

Introduction. Adverse effects of the consumption of trans fatty acids (TFA) have
been widely studied by the scientific community in the last. Previously, our group
found that the intake of trans fatty acids (TFA) during pregnancy and lactation
promotes a pro-inflammatory state in the offspring at twenty-one and ninety days old.
Moreover, literature data indicates that the prebiotic intake may alter the intestinal
environment, presenting antiinflammatory properties. To evaluate the effect of a diet
supplemented with OF (10%) or a diet rich in TFA (7%) during gestation and lactation
on metabolic parameters and inflammatory lactating rats and ninety days old
offspring, concerning endotoxemia, metabolic and inflammatory parameters. In
addition, to assess whether the diet supplemented with OF (10%) modifies these
parameters in the offspring, ninety days old offspring, of mothers who received diet
containing TFA during pregnancy and lactation. Methods. On the first day of
pregnancy, the rats were divided into three groups: control diet (C) control diet
supplemented with 10% oligofructose (OF) and diet enriched with hydrogenated fat
rich in TFA (T). The diets were maintained during pregnancy and lactation. In the
twenty-first day of lactation animals were weaned and mothers euthanized. The pups
were kept in individual cages within ninety days of life and than euthanazied. The
blood, bowel, retroperitoneal adipose tissue (RET), parametrial fat mothers and
epididymal of puppies, liver, soleus muscle tissues and EDL were collected. The
serum was used for measuring lipopolysaccharide (LPS), free fatty acids (FFA), TNF-
a, hormones, insulin, ghrelin, adiponectin and NPY as well as cytokines by specific
kits. The liver, and soleus and EDL RET muscle tissue were used for determination
of cytokine content by specific kits. The liver and soleus muscle tissue were placed in
a specific buffer to perform Western blotting. Genomic DNA Bacteria present in the
colon feces was determined by real time PCR. Results. Supplementation with 10%
of oligofructose during pregnancy and lactation reduced body weight gain, maternal
dietary intake and serum adiponectin levels. In ninety days old offspring, maternal
supplementation of oligofructose (10%) promoted increased IL-6 content and protein
expression of IL-6R, and reduced protein expression of ADIPO-R1 in the soleus

muscle. Maternal intake of TFA increased Lee index and the protein expression of p-
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p65-NFKB in offspring with 90 days of life. Supplementation of offspring with
oligofructose (10%) promoted reduction of Lee index and IL-6 and TNF-a content,
accompanied by an increased protein expression of ADIPO-R2 in the liver and
Lactobacillus spp. Genomic DNA in colon. Conclusion. Supplementation with 10%
oligofructose during pregnancy and lactation promoted a pro-inflammatory effect in
the mother and ninety days old offspring, associated with decreased maternal serum
adiponectin, increased IL-6 content and protein expression of IL-6R as well as the
reduction of protein expression ADIPO-R1 in the soleus muscle of ninety days old
offspring. Moreover, supplementation of offspring oligofructose (10%) reversed the
obesogenic and pro-inflammatory effect exerted by maternal consumption of trans
fatty acids during pregnancy and lactation, thus reducing Lee index and IL-6 content
and TNF- a, accompanied by an increased protein expression of ADIPO-R2 in the
liver. Together, these results indicate that supplementation with oligofructose (10%)

promotes different effects on different stages of life.

Keywords: 1. Hydrogenated Vegetable Fat, 2. Inflammation 3. Oligofructose, 4.

Metabolic programming, 5. Metabolic Syndrome
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1 INTRODUGCAO

A partir da década passada foram levantadas evidéncias no sentido de
desvendar o papel do intestino e da microbiota intestinal no desenvolvimento de
doencas crénicas, tais como, a obesidade. Padrées de modificacbes na proporcéo
de bactérias intestinais relacionados as doencas metabdlicas cronicas como a
obesidade, foram aferidos por diversos pesquisadores embora, ainda n&o haja um

21.22) Muitas

consenso a respeito dessas proporgdes nas diversas fases da vida.!
evidéncias indicam que o aumento do conteudo de bactérias probidticas, tais como,
Bifidobacterium spp. e Lactobacillus spp., estdo relacionados a melhora na

2324) Evidéncias recentes na literatura

tolerancia a glicose e no estado inflamatério.
indicam que o género Lactobacillus spp., pertencente ao filo Firmicutes, apresenta
efeitos benéficos relacionados ao controle do ganho de peso corporal e melhora da
sensibilidade & insulina.?%2>%°)

O intestino é considerado o maior 6rgdo enddcrino do organismo. No trato
gastrointestinal sao sintetizados uma série de peptideos que exercem efeitos sobre
a regulacédo da ingestdo alimentar, por meio da comunicagdo entre o sistema
nervoso entérico e o cérebro, tais como: peptideo-YY (PYY), polipeptideo
pancreatico (PP), peptideo glucagon-simile 1 (GLP-1), oxintomodulina (OXM),
colecistocinina (CCK) e grelina.?”?)

Estratégias para modificar a composigédo bacteriana intestinal e/ou modular a
sintese de peptideos intestinais relacionados ao controle da ingestdo alimentar tém
sido constantemente estudadas, sendo a ingestado de fibras prebidticas uma delas. A
oligofrutose, frutano do tipo inulina, € uma das fibras prebidticas mais estudadas
atualmente. A suplementacdo com oligofrutose, promoveu modificagcbes na
composigao da microbiota intestinal de ratos sob dieta alimentar rica em gordura,
melhorando os parametros metabdlicos da inflamagao.®® No entanto, previamente,
demonstramos que o consumo materno de uma dieta sumplementada com
oligofrutose (10%), durante a gestacdo e lactacdo, exerceu um efeito pro-
inflamatdrio decorrente de um aumento na endotoxemia. "3

Muitos autores verificaram que suplementacido de fibras prebidticas do tipo
inulina, em especial a oligofrutose, promove modificagdes na composi¢ao bacteriana

1



intestinal, exerce um papel importante no controle da ingestdo alimentar,
metabolismo glicémico e inflamacgo.®%%3") e, portanto, pode se tornar uma
estratégia para promogao de efeitos protetores contra o desenvolvimento de
obesidade e outras doencas metabdlicas.

Por outro lado, também nas ultimas décadas, os efeitos adversos do consumo
de acidos graxos trans (TFA) foram identificados em diversos estudos. Alguns
desses efeitos deletérios sdo: aumento do LDL-colesterol, do estresse oxidativo e da
produgdo de marcadores inflamatérios (IL-6, TNF-a e proteina C-reactiva), bem
como uma diminui¢gdo do HDL-colesterol, promovendo excesso de peso corporal € 0
desenvolvimento de doencgas cardiometabdlicas."® O consumo materno de acidos
graxos trans durante gestacao e lactagdo pode exercer tais efeitos prejudiciais tanto
para a gestante/lactante, quando para o seu filho.

O tipo de acido graxo ingerido durante a gestacédo pela mée pode afetar a
quantidade e/ou a qualidade dos lipidios transferidos para o feto através da placenta,
fato esse, que pode gerar efeitos sobre o desenvolvimento pés-natal.'? Em estudos
anteriores verificamos que a ingestdo materna de gordura vegetal hidrogenada, que
€ rica em acidos graxos trans e saturados, durante a gestagdo e a lactagao,
promoveu na prole com vinte e um dias de vida um aumento: na quantidade de
gordura da carcaca; na concentragcdo seérica de triacilglicerol e colesterol; na
expressao génica de inibidor do ativador do plasminogénio 1 (PAI-1) e TNF-a e na
expressao protéica de TRAF-6 no tecido adiposo e, gerou também uma redug¢do na
concentragao sérica de leptina e adiponectina; no mRNA de adiponectina e na
expressao proteica de Adipo-R1 no tecido adiposo.!"*'¥ Adicionalmente, detectamos
na prole com noventa dias de vida uma elevagao na expressao génica de PAI-1 no
tecido adiposo; na concentragdo sérica de endotoxinas, IL-6, TNF-a e IL1-B; na
expressao proteica de TLR4, NFkBp65 e MyD88 no hipotalamo e, ainda, uma
reducao de Adipo-R1 (receptor 1 de adiponectina), também no hipotalamo.!">'®

Esses resultados mostram que a ingestdo materna de gordura vegetal
hidrogenada durante a gestacao e a lactagao causa um estado pro-inflamatério que
promove consequéncias metabdlicas deletérias, semelhantes as observadas no

quadro de obesidade. Nas ultimas décadas, diversos autores reportam uma



correlagéo positiva entre o desenvolvimento de doengas metabdlicas e a produgao
de citocinas pré-inflamatérias.'2%

A primeira fase do desenvolvimento embrionario &, sem duvida, um momento
crucial na vida do homem, ja que marcas epigenéticas individuais no genoma séo
definidas. Modificacbes na expressdo de genes dirigidas por mecanismos
epigenéticos desempenham um papel importante, ndo apenas no inicio do
desenvolvimento, mas também na predisposi¢cado ao desenvolvimento de doencas no
futuro.“® Diante disso, nas Ultimas décadas, pesquisadores se dedicaram ao estudo
da “programacgao metabdlica”.

O conceito de “programacao metabdlica” é referente a possiveis influéncias
da nutricdo materna, sejam elas benéficas ou adversas, que podem ocorrer tanto no
feto, quanto no recém-nascido perdurando por toda a vida.”® A ma nutricdo
materna durante esse periodo pode imprimir alteracdes permanentes na estrutura e
funcéo de 6rgéos chave, predispondo o individuo a desordens metabdlicas na vida
adulta, entre elas, o desenvolvimento de obesidade.®'"

Desta forma, levantamos duas hipéteses:

1) a suplementagcao com OF a 10%, durante a gestacéo e lactacao, elevara
Lactobacillus spp na microbiota do intestino das maes, favorecendo o controle do
ganho de peso gestacional, promovendo um estado anti-inflamatério materno e
alterando o metabolismo da prole com noventa dias de vida com reducao da

endotoxemia e do estado proé-inflamatério;

2) a suplementagao da prole com OF a 10% aumentara Lactobacillus spp na
microbiota do intestino da prole com noventa dias de vida e revertera o estado pro-
inflamatdrio induzido pela ingestdo materna de acidos graxos trans, durante a

gestacgao e lactacao.



2 REVISAO DA LITERATURA

2.1 Programacao Metabdlica

A vida fetal é considerada um momento critico para o desenvolvimento de
tecidos e 6rgéos do corpo, caracterizados por uma rapida divisao celular.”) A
programagao metabdlica ou imprinting metabdlico se refere ao impacto dos
estimulos sofridos, nesse periodo critico, que acarreta efeitos duradouros e
persistentes ao longo da vida do individuo.1%3®

Um dos mais importantes estudos relacionados a influéncia das condi¢cdes de
nutricdo materna durante a gestagéo no desenvolvimento de doengas foi a pesquisa
denominada “Dutch Famine”, que verificou o impacto da ma nutricdo em mulheres,
na Segunda Guerra Mundial, promovendo aumento da incidéncia de sobrepeso nos
filhos homens na idade de servigo militar.®®

Diversos pesquisadores nas Uultimas décadas estudaram o impacto da
nutricdo inadequada durante a gestagdo e lactacdo, bem como os mecanismos
pelos quais pode alterar um ou mais aspectos do desenvolvimento morfolégico e
fisioldgico, aumentando a predisposi¢ao do individuo para desenvolvimento de
doengas metabdlicas, como a Diabetes Mellitus e problemas cardiometabdlicos na

4041 O terceiro trimestre da gestacao, por exemplo, é o periodo em que

vida adulta.’
o feto atinge o crescimento maximo e, portanto, a ma nutrigdo materna nesse
periodo pode levar a varias respostas adaptativas, incluindo alteracdes no transporte
de nutrientes pela placenta, resultando em perdas estruturais nos sistemas
organicos em desenvolvimento.1%4243)

Nos anos noventa, grupos de pesquisadores observaram que os
desequilibrios nutricionais no periodo de desenvolvimento fetal propiciam um
fendtipo thrifty (poupador), propondo que o feto é capaz de se adaptar a um
ambiente intrauterino adverso, no sentido de garantir sua sobrevivéncia, porém esse
processo adaptativo levaria ao favorecimento metabdlico de alguns 6rgéos chave
em detrimento de outros, conferindo alteragbes persistentes no seu crescimento e

74548)  também nessa mesma década, que a

funcdo.“** Pesquisadores relataram!
nutricdo materna inadequada promove alteragdes duradouras na pressao arterial,
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metabolismo de colesterol, insulina e glicose, além de alteragbes relacionadas as
fungdes enddcrinas e imunes.

O grau de modificagdo na programacdao metabdlica depende da carga
genética e do periodo e intensidade da exposi¢cao aos fatores que influenciam essa
programac&o, podendo a resposta ser diferenciada entre os individuos.'""* A partir
disso, diversos outros estudos passaram a ser realizados no sentido de desvendar
0s mecanismos e o impacto de diferentes tipos de dietas maternas no

desenvolvimento fetal e programagdo metabalica.
2.2 A Influéncia da Dieta Materna na Programacgao Metabdlica

A epigenética é o estudo das alteragdes herdadas da expressdo génica ao
longo de diversas divisbes celulares sem envolver alteragbes na sequéncia de
nucleotideos do DNA. Assim, ela é fundamentada em mudancas herdaveis e
reversiveis na expressao génica (silenciamento ou ativagao da expressao de genes),
tais como: a metilagdo do DNA ou alteragdes quimicas de proteinas associadas
(acetilacao e metilagcdo das histonas) e empacotamento da cromatina. Sendo que,
enquanto a metilagdo do DNA parece estar relacionada com o silenciamento da
expressdo génica, a acetilagdo de histonas, possivelmente, ativa a transcricdo de
genes especificos.*”

As caracteristicas da dieta materna podem causar alteragbes epigenéticas
que, possivelmente, ativam ou silenciam a expressédo de certos genes, ajudando,
assim, na determinacao do fenétipo do individuo em formagao. Se a composigao
nutricional da dieta materna promover o silenciamento epigenético de genes que,
normalmente, protegem contra uma doenga, isso pode resultar em pessoas mais
susceptiveis ao desenvolvimento dessa doenga na idade adulta.*®4®

Em estudos utilizando camundongos Yellow Agouti (A"), um dos principais
modelos experimentais para avaliagdo do controle nutricional sob as modificagbes
epigenéticas e desenvolvimento de doengas, foi constatado que a suplementagao
materna de nutrientes doadores de grupo metil (colina, betaina, acido fdlico e
vitamina B12) aumentou a metilagdo do DNA e levou ao fendtipo magro na prole por

meio do aumento da metilagdo do DNA do gene Agouti AYY.(0"
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Por outro lado, a restricdo protéica durante a gestagao esta relacionada a um
impacto negativo na saude do filho. Lillycrop et al. (2005)52, revelaram que um
fendtipo poder ser induzido por meio de uma dieta hipoprotéica materna. Os
pesquisadores identificaram o efeito negativo para a prole da restricao protéica
materna, por promover hipometilacdo da regido promotora do gene do receptor
ativado por proliferadores de peroxissoma-a (PPAR-a) e do receptor de
glicocorticéide, além do aumento da expressdo de ambos no figado dos filhotes
apds o desmame. Tais alteragcbes hepaticas estao relacionadas ao aumento de acil-
CoA oxidase e fosfoenolpiruvato carboxiquinase, levando ao fendtipo de
hiperglicemia e hipertensdo e aumentando o risco para o desenvolvimento de

%253 O mesmo grupo de pesquisadores mostrou, ainda, que

sindrome metabdlica.!
uma dieta materna rica em acido félico € capaz de prevenir a hipometilagdo dos
genes do PPAR-alfa e do receptor de glicocorticéide no figado gerada pela restrigao
proteica. %%

Assim, como a oferta adequada de proteinas na dieta materna, a composigao
e quantidade de lipidios também ¢é considerado um fator critico associado ao
desenvolvimento fetal e pode promover modificagdes na programacgao metabdlica e,
consequentemente, modular o risco para o desenvolvimento de doengas crdnicas na
vida adulta dos filhos.®® O consumo de acidos graxos trans durante a gestagao e
lactagcao pode afetar a quantidade e/ou a qualidade dos lipidios transferidos para o
feto e, tem sido relacionado ao desenvolvimento de um estado proé-inflamatério na
prole e, consequente, predisposicdo ao desenvolvimento de obesidade e

Diabetes.(1213.15.16)

2.2.1 O Papel da Composicao de Acidos Graxos da Dieta Materna

O consumo materno adequado de acidos graxos, especialmente, os acidos
graxos essenciais e acidos graxos poliinsaturados de cadeia longa, é de
fundamental importdncia para o desenvolvimento fetal. A ingestdo materna
inadequada de acidos graxos durante a gestagao pode afetar o perfil de acidos
graxos que atravessam a placenta e ter efeitos sobre o desenvolvimento pos-

natal.!'%°%)



Em tecidos tais como o cérebro, onde os lipidios constituem cerca de 50% de
peso seco, cerca de metade do teor total de lipidios € composto de acidos graxos
poliinsaturados de cadeia longa (LC-PUFAs), sendo que os &acidos graxos
araquidonico e docosa-hexaendico estdo incorporados nos lipidios estruturais do
cérebro em desenvolvimento, desempenhando fungdes esséncias, tais como; a
manutencao da fluidez, permeabilidade e conformagdo das membranas e, portanto,
sao fundamentais durante o periodo de desenvolvimento fetal.('%5%%)

Por outro lado, a ingestdo excessiva ou alguns tipos de acidos graxos podem
promover consequéncias deletérias para o feto e recém-nascido.® Diversos estudos
avaliaram a transferéncia placentaria de acidos graxos e identificaram sitios de
ligacdo na membrana placentaria especificos para os acidos LC-PUFAs, porém os
acidos graxos insaturados do tipo trans (TFAs) exercem forte competicéo e inibigao
do transporte de LC-PUFAs para a placenta.'#%9 Albuquerque et al. (2006)°"
avaliaram o cérebro da prole de vinte e um dias de vida, de maes alimentadas com
uma dieta rica em TFA durante a gestagdo e lactacdo, observando que as
quantidades totais de PUFA, acido araquidbnico (AA) e acido docosahexaenoico
(DHA) diminuiram, significativamente, nesse tecido quando comparados ao grupo
controle.

No periodo de lactagao, o leite materno fornece ao neonato os acidos graxos
necessarios para suprir suas necessidades metabdlicas e, portanto, esse é outro
momento crucial para a criangca em desenvolvimento. Tanto a dieta materna quanto
os estoques corporais maternos de acidos graxos podem afetar a composicao
lipidica do leite materno.®%%%

Recentemente, Nishimura et al. (2014)°® demonstraram que o teor de DHA e
acido eicosapentaendico (EPA) na dieta materna durante o terceiro trimestre
gestacional estd, positivamente, associado ao conteudo desses acidos graxos no
leite materno. Adicionalmente, os autores identificaram uma relacdo direta entre
composicao de n-3 e n-6 na dieta materna no periodo pds-parto e a composicido do
leite.®® Da mesma forma, verificou-se que a quantidade de &cidos graxos trans

presentes no leite materno é determinada pela ingestéo diaria.®*



2.2.2 Efeitos da Ingestio de Acidos Graxos Trans na Gestagio e

Lactacao

Os acidos graxos insaturados do tipo trans (TFAs) sdo, principalmente,
encontrados em produtos alimenticios industrializados, gerados a partir da
hidrogenacéo parcial de O&leos vegetais liquidos que contém acidos graxos
insaturados do tipo cis. Tal processo industrial tem como objetivo melhorar a
estabilidade oxidativa, garantir manutengdo das suas caracteristicas quimicas em
produtos alimetidicos com grande tempo de prateleira e a palatabilidade dessa
gordura. %%

Nas ultimas décadas, diversos estudos estabeleceram os efeitos adversos do
consumo de acidos graxos trans, tais como; prejuizos no metabolismo lipidico e
funcao endotelial, o desenvolvimento de doencas cardiometabdlicas e resisténcia a
insulina. A ingestdo de TFA pode promover aumento do LDL-colesterol, do estresse
oxidativo e da produgcdo de marcadores inflamatérios (IL-6, TNF-a e proteina C-

12.3) Além disso, diversos

reactiva), bem como uma diminuicdo do HDL-colesterol.’
autores revelaram efeitos negativos do consumo de TFAs no metabolismo da
glicose. lbraim et al. (2005)% relataram que os TFAs reduzem a sensibilidade a

insulina em ratos de forma mais intensa que os acidos graxos saturados.

A exposicao a TFAs durante a vida fetal, através da sua passagem pela
placenta e no periodo de lactagcdo e, ainda, por meio do materno, estéao,
positivamente, correlacionados com a concentracido plasmatica de TFAs no recém-
nascido.®” Adicionalmente, evidéncias apontam que o contetido de &cidos graxos
do leite humano esta positivamente relacionado as mesmas concentragdes desses
acidos graxos nos triacilglicerolplasmaticos e fosfolipidios em criangas com dois
meses de idade.®” Tendo em vista os prejuizos do consumo de acidos graxos trans
a saude, o periodo gestacional é considerado um periodo critico em que a exposigao
intrauterina a esse tipo de acido graxo pode promover alteragdes epigenéticas

significativas e comprometer a saude do filho.

Varios estudos experimentais ja relataram os efeitos prejudiciais da ingestao

de TFA durante a gestacdo e lactagdo para a prole. Nesse sentido, Ibrahim et al.
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(2009)%, investigaram os efeitos da dieta materna rica em PUFA n-6, n-3 PUFAs ou
TFA no metabolismo da glicose, na sensibilidade a insulina e no perfil de acidos
graxos na prole masculina. Os resultados indicaram que uma dieta materna rica em
PUFA n-6 ou n-3 nao alteraram a sensibilidade a insulina de filhotes machos de 105
dias de vida. Entretanto, a ingestdo materna de TFA em baixos niveis, reduziu a
expressao génica de mRNA para adiponectina e GLUT-4 em tecido adiposo. Esta
programacao predispde os mesmos ao desenvolvimento de resisténcia a insulina
quando adultos.®®

Segundo Albuquerque et al. (2006)%', em estudo realizado em ratos, verificou
que a ingestdo de gordura vegetal hidrogenada, rica em TFA, durante a gestagao e
lactacdo promoveu redugdo da quantidade de IRS-1 hipotaldamica e da resposta
anorexigena a insulina. Pisani et al. (2008)'® detectaram que a dieta materna rica em
TFA durante a gestagéo e lactacdo promoveu na prole com vinte e um dias de vida
elevacgao no conteudo de gordura da carcaga, na concentragao sérica de triglicérides
e de colesterol, na expressdo génica de PAI-1 e TNF-a no tecido adiposo e,
também, reducdo na concentragao sérica de leptina, adiponectina e do mRNA de
adiponectina no tecido adiposo. Adicionalmente, 0 mesmo grupo de pesquisadores
no mesmo modelo experimental detectou um aumento da expressao génica de PAI-
1 no tecido adiposo da prole com noventa dias de vida. Tal fato, ndo foi observado
na prole de maes que ingeriram dieta controle e ap6s o desmame foram tratados
com dieta trans até os noventa dias de vida.!"®

Duque-Guimarées et al. (2009)%° observaram aumento dos niveis plasmaticos
de triacilglicerol, razdo colestrol total/HDL, insulina, raz&o insulina/glicose e mRNA
para resistina e TNF-a acompanhada de reducdo do mRNA para adiponectina no
tecido adipose retroperitoneal na prole com 120 dias de vida de mé&es que ingeriram
uma dieta rica em TFA (6%) durante a gestacao e lactagdo. Em acordo com esse
estudo, Hachul et al. (2013)!, observaram que o consumo materno de TFA (7%)
promoveu na prole de vinte e um dias um aumento no conteudo de TNF-a no RET e
reducdo dos niveis sericos de adiponectina. Problemas cardiometabdlicos e
metabdlicos como a diabetes do Tipo 2 podem estar associados a obesidade e
parecem estar relacionados com a alteragdo da producao de adipocinas, tais como:

leptina, resistina, adiponectina, TNF-a, PAI-1 e haptoglobina.®"""2
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Os niveis de TNF-a estdo aumentados na obesidade.™ Trata-se de uma
citocina produzida, principalmente, por mondcitos, linfocitos, tecido adiposo e
musculo, exercendo funcdes por meio de receptores TNFR1 e TNFR2.7¥) Sabe-se
que esta citocina esta, diretamente, associada a regulagdo da sensibilidade a
insulina, por meio de diversos mecanismos, incluindo a alteracdo na capacidade de
fosforilagdo do receptor de insulina, redugcdo da expressdo génica de
transportadores de glicose GLUT-4, elevagao dos niveis de acidos graxos livres no

479 A fosforilagdo de IRS-1 em residuos serina/treonina atenua a via de

(76)

plasma.!
sinalizacao de IRS-1 por inibir a fosforilagcao de residuos de tirosina.

Molécula reguladora da homeostase vascular, o fator pro-tromboembolitico
inibidor do ativador do plasminogénio 1 (PAI-1), inibe a ativagdo do plasminogénio e
por consequéncia suprime a formagao de plasmina, que esta, diretamente, envolvida
com a fibrindlise. Varios estudos concluiram que o aumento sérico de PAI-1 se
correlaciona, diretamente, com a incidéncia de doengas cardiometabdlicas e

1.78.79) o portanto, sugerindo que a alta incidéncia de problemas

tromboemboliticas'
cardiovasculares, presente nos quadros de obesidade, pode estar relacionada em
parte a elevagao da producao de PAI-1 pelos adipdcitos.

A adiponectina, sintetizada em grande quantidade pelo tecido adiposo, atua
aumentando a sensibilidade a insulina no tecido muscular e no figado, reduzindo a
producdo de glicose hepatica e a concentracado de triacilglicerol no musculo®”, age

@) e possui efeito

estimulando a utilizagdo de glicose e oxidagdo de acidos graxos
anti-aterogénico.®*® A concentracdo plasmatica de adiponectina  est3,
negativamente, correlacionada com concentragbes plasmaticas de colesterol total,
LDL-colesterol e triacilglicerol e, positivamente, relacionada com os niveis de HDL-
colesterol.®¥

Embora os adipdcitos sejam responsaveis por boa parte da sintese de
adiponectina, seus niveis séricos ndo aumentam com a obesidade. Pelo contrario,
muitos autores encontraram niveis plasmaticos reduzidos de adiponectina,
acompanhado de aumento de leptina, TNF-a e IL-6, em individuos obesos®® (Figura
1), resistentes a insulina, diabéticos, hipertensos e portadores de doengas

86,87

coronarianas.®®") Portanto, constata-se que a reducdo de adiponectina pode ser
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um dos fatores chave para o desenvolvimento de doengas metabdlicas e

cardiometabdlicas associadas a obesidade.

Tecido Adiposo— Individuo Magro Tecido Adiposo— Individuo Obeso
ﬂhode p“
L O » TNF-alfa Lepting G
‘_‘ S i 4 / 4 /.-» TNF-alfa
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Figura 1. Esquema representativo da sintese de moléculas pré e antiinflamatérias em tecido
8 (85)

adiposo normal e tecido adiposo em obesidade. Fonte: adaptado de Forsythe et al., 2008.

Os efeitos anti-inflamatoérios da adiponectina também foram observados em
multiplos estudos. A administragdo de adiponectina promoveu supressado de
moléculas inflamatérias, tais como TNF-a e IL-6, além de melhorar a disfungao
endotelial e a producdo de 6xido nitrico.®” Segundo Yamaguchi et al. (2005)%, a
adiponectina em macrofagos (RAW264) inibiu a via de sinalizagcdo dos TLRs e a via
do NF-kB, bloqueando a resposta inflamatoria.

Previamente, observamos que a dieta materna rica em TFA promoveu
reducdo da adiponectina plasmatica®” aumento na concentracao sérica de insulina,
a expressao da proteina TRAF6 no tecido adiposo retroperitoneal e mMRNA TLR4 no
musculo soleo. Esses resultados foram acompanhados por uma diminuicdo da
expressao proteica do receptor 1 de adiponectina (AdipoR1) em RET dos filhotes
com vinte e um dias de idade." Ainda seguindo o mesmo modelo experimental
encontramos um aumento na endotoxemia e nas concentragdes hipotalamicas de IL-
6, TNF-a e IL1-B8, bem como, reducdo nos niveis de RNAm de ADIPOR1 no
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hipotalamo dos filhotes com noventa dias de vida provenientes de ratas que
receberam dieta rica em TFA durante a gestagao e lactagao.'®

Toll like receptors (TLRs) s&o receptores transmembranares localizados, em
sua maioria, na superficie celular e reconhecem padrdes moleculares associados a
patogenos (PAMPs) e agentes da resposta imune inata, ativando varias vias de
sinalizacao inflamatéria. Ja foram identificados mais de 10 membros da familia de
TLR em mamiferos, sendo onze em humanos e treze em ratos.®% Os TLRs
participam da regulacédo do metabolismo energético por meio da agdo no tecido
adiposo. Estudos recentes tém investigado o papel dos TLRs em disturbios
metabdlicos, como a obesidade, resisténcia a insulina e aterosclerose. %"

A ativacdo de TLR por ligantes especificos desencadeia a ativagdo de
varias proteinas dependentes ou ndo do fator 88 de diferenciagdo mieldide (MyD88).
A ativacao de proteinas adaptadoras citoplasmaticas, tais como MyD88, provoca a
fosforilacdo e ativacdo de proteinas da familia IRAK e TRAF. IRAK-1 e TRAF-6
quando ativados levam a ativacdo da IB-quinase (IKK) de complexos MAPKS,
promovendo, posteriormente, o desacoplamento do fator nuclear-kB (NF-kB) da sua
proteina inibidora (Ik-B), sua migragcdo para o nucleo, iniciando, assim, a
amplificacéo génica de proteinas relacionadas a inflamacgao, tais como IL-6, TNF-q,
MCP-1, e IL-1 (Figura 2). Se a via de ativacao for independente de MyD88, o sinal
proveniente do TLR ativa o NFKkB por meio de duas moléculas adaptadoras, TRIF e
TRAM. Por outro lado, a proteina quimiotatica de monécitos-1 (MCP-1) induz a
infiltracdo de macréfagos no tecido adiposo que, por sua vez, desencadeiam uma
cascata inflamatodria causando liberacdo de varias citocinas pro-inflamatérias, tais

como TNFa e IL-6, através da ativacdo do NF-kB (Figura 2). (%299
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Figura 2. Esquema representativo das cascatas de sinalizagdao dos receptores TLR2 e TLR4,
mediadas pelas vias dependentes e nao dependentes de MyD88, relacionadas a inflamagéao e
resisténcia a insulina presentes na obesidade e sindrome metabédlica. Ox-LDL (LDL oxidada),
SFA (acidos graxos saturados), LPS (Lipopolissacarideos), LTA (acido lipoteicéico), MALP-2
(macrophage-activating lipopeptide - TLR2/6 agonist), TLR2 (Toll like receptor 2), TLR4 (Toll
like receptor 4), TLR1 (Toll like receptor 1), TLR6 (Toll like receptor 6), TRIF (Adaptador
Contendo O Dominio TIR Induzindo Interferon-Beta), TRAM (Molécula Adaptadora Relacionada
ao Trif), IFN-B (Interferon beta), IP-10 (interferon- inducible protein 10), MYD88 (Gene de
Resposta Primaria de Diferenciagdo Mieloide 88), TRAF-6 (Fator 6 Associado ao Receptor de
Fator de Necrose Tumoral), IRAK-1 (Quinase Associada ao Receptor da IL-1), IRAK-4 (Quinase
Associada ao Receptor da IL-4), NFkB (Fator Nuclear Kappa B), IKK-B (IkB kinase), MAPK
(Proteinas Quinases Ativadas por Mitégenos), JNK (Jun N-terminal kinase), TNF-a (Fator de
Necrose Tumoral Alfa), IL-6 (Interleucina 6), IL-18 (Interleucina 1 beta), MCP-1 (Proteina
Quimiotatica de Monécitos 1). Fonte: Adaptado de Jialal et al., 2014.%%

Radin et al. (2008)* observaram que a inibicdo de TLR4 no musculo
esquelético reduz a capacidade de uma infusao lipidica induzir resisténcia a insulina.

A via do NF-kB é mediada pela ativagdo de TLR4 levando a efeitos deletérios na
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acgao da insulina no musculo esquelético. O ganho de peso, peso do tecido hepatico
e a esteatose induzida por dieta hiperlipidica foram menores em camundongos
deficientes em TLR4.

Em recente revisao da litertura, Menitti et al. (2015) concluiu que o consumo
de TFA durante a gestacao e lactacdo parece promover efeitos deletérios sobre a
saude do filho, prejudicando o desenvolvimento e aumentando a produgdo de
citocinas pro-inflamatérias por ativagcdo TLR4, fatores envolvidos no
desenvolvimento de obesidade, resisténcia a insulina e doencga cardiovascular
(Figura 3).

Ingestao de TFA durante a gestacao e/ou lactagao promove na prole
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Figura 3. Representagio esquematica dos efeitos da ingestio maternal de TFA durante a
gestacao e/ou lactagao no desenvolvimento de doengas metabdlicas no filho. Fonte: Menitti et
al., 2015.

Entende-se com os dados da literatura que a ingestdo materna de TFA

durante periodos criticos para o desenvolvimento do feto contribui para a resisténcia
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a insulina na prole e favorece o desenvolvimento de doencas metabdlicas e

cardiometabdlicas.

2.3 O Papel do Intestino no Desenvolvimento de Sindrome Metabdlica

A sindrome metabdlica € uma condigao caracterizada por um conjunto de
fatores de risco para o desenvolvimento de doenga cardiovascular e diabetes tipo 2,
tais como: obesidade abdominal, elevacdo da pressao arterial, da glicemia de jejum
e triacilgliceréis, acompanhado de redugao do nivel de colesterol HDL. Tais fatores
estdo relacionados com o aumento de peso e acumulo de gordura visceral. A
presenca de sindrome metabdlica esta associada a um risco aumentado de eventos
cardiovasculares e mortalidade.®* )

Na ultima década as pesquisas relacionando a microbiota intestinal e o
desenvolvimento de doencgas metabdlicas se intensificou. O intestino dos mamiferos
possui uma comunidade microbiana, conhecida como microbiota intestinal,
composta por trilhdes de microrganismos, sendo dois os filos dominantes de
bactérias presentes: Bacteroides e Firmicutes. Sua composicdo pode variar de
acordo com alguns fatores como: nutrientes da dieta, doengas e uso de
antibicticos.®®

Diversos pesquisadores observaram uma correlagdo positiva entre o
desenvolvimento de doengas metabdlicas, as alteragcbes na microbiota intestinal e a
producdo de citocinas pré-inflamatérias.®®%”) Segundo Ley (2006)%, ratos
geneticamente obesos ob/ob (leptina deficiente), apds tratamento com dieta rica em
polissacarideos, apresentaram mais Firmicutes e 50% menos Bacteroidetes no
intestino distal quando comparados com o tipo selvagem. A reducédo de proporcéo
de Bacteroides foi a primeira modificacao relacionada a obesidade documentada por
Ley et al. (2005)®, seguida de outros pesquisadores que relataram dados
semelhantes. Turnbaugh et al. (2008)®, por exemplo, observaram que o
desenvolvimento do estado pré-inflamatério encontrado na obesidade estava
associado com o enriquecimento de Firmicutes e diminuicdo da Bacteroidetes em

ratos tratados com dieta hiperlipidica e hiperglicidica. Santacruz et al. (2010),
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também observaram aumento da razdo Firmicutes/Bacteroidetes em mulheres
gravidas com excesso de peso.

Por outro lado, o mesmo néao foi observado por outros pesquisadores em
pesquisas subssequentes. Duncan et al. (2008)99 nao detectaram diferengas para o
filo Bacteroides entre individuos obesos e ndo obesos. Zhang et al. (2009)'®
observaram aumento na proporcdo de Bacteroides em individuos obesos quando
comparados aos magros. A partir desses dados, constatou-se que a proporgéo de
Bacteroides ndo sofre as mesmas alteracdes em todos os obesos e podem variar de
acordo com a fase da vida.('®”

Tendo em vista o importante papel da microbiota materna na colonizagao do
intestino no filho, pesquisadores investigaram as mudangas nessa fase da vida da
mulher. Collado et al. (2008)"°" identificaram mais Bacteroides spp. Staphylococcus
aureus em mulheres gravidas com excesso de peso do que naquelas que
apresentavam peso normal. O total de Bacteroides também teve correlagdo positiva
no peso e IMC (indice de massa corpérea). O numero de Bifidobacterias foi maior
em mulheres eutréficas e naquelas que ganharam menos peso durante a gestagao.
Santacruz et al. (2010) realizou uma comparagao entre a microbiota intestinal antes
e apos a gestacao, com trinta e quatro mulheres eutréficas e dezesseis mulheres
com excesso de peso. Os resultados observados indicaram que havia uma menor
proporcao de Bifidobacterium spp e Bacteroides spp. em mulheres com excesso de
peso quando comparadas com mulheres de peso normal, ao passo que houve uma
tendéncia oposta para Staphylococcus, Escherichia coli e Enterobacteriaceae.

Evidéncias recentes na literatura indicam que o género Lactobacillus spp.,
pertencente ao filo Firmicutes, apresenta efeitos benéficos relacionados ao controle
do ganho de peso corporal. Lactobacillus spp. tem sido associado a alguns efeitos
benéficos, tais como: menor ganho de peso na gestagcdo em mulheres obesas e
seus niveis correlacionados & menor peso ao nascer de seus filhos®?; reducéo do
tamanho dos adipécitos e células de gordura corporal em ratos alimentados com
dieta rica em gordura®; reducdo de massa gorda e IMC em pacientes diabéticos

102 o

obesos, além de melhora da sensibilidade & insulina.®® Arora et al. (2014)
estudo realizado em ratos verificaram que Lactobacillus plantarum promoveu

redugdo do estado inflamatério e endotoxemia, enquanto Pefia e Versalovic

16



(2003)'% reportaram efeito antiinflamatério, com reducdo da produgdo de TNF-q,
relacionado ao tratamento com Lactobacillus rhamnosus em macrofagos.

Drissi et al. (2014)'%* examinaram 13 genomas completos, previamente ja
associado com o ganho de peso ou prote¢cao para o ganho de peso, pertencentes ao
género Lactobacillus spp. De acordo com os autores, as espécies relacionadas com
efeitos benéficos no controle de peso corporal sado L.plantarum e L.gasseri, por meio
de mecanismos que envolvem a participagéo na degradagao de frutose e a sintese
de dextrina, L-ramnose e acetato. Esses produtos ja foram relacionados na literatura
a efeitos protetores contra o desenvolvimento de obesidade em animais."®"% Os
dados da literatura ainda s&o controversos a repeito do género Lactobacillus spp. e,
portanto, mais estudos precisam ser desenvolvidos no sentido de desvendar as
modificagbes ocorridas na microbiota intestinal durante a gestacdo e sua relagao
com o ganho de peso gestacional.

A endotoxemia também é um fator que promove a ativacdo da via de
sinalizagdo de TLRs e, consequentemente, promove a inflamagao.
Lipopolissacarideos bacterianos (LPS), sdo gerados a partir da quebra de bacterias
gram-negativas residentes da microbiota intestinal e translocados para os capilares
intestinais, transportados do intestino aos tecidos por meio dos quilomicrons em
resposta a dieta rica em gordura.?"?)

Dietas hiperlipidicas tém sido relacionadas a alteracdes na permeabilidade
intestinal, por meio de mecanismos associados a reducdo da expressao de
proteinas ligantes (tight junction) como a zonulina-1 e ocludina. A sintese elevada de
TNF-a € um dos fatores relacionados a alteragbes nessas proteinas, promovendo
aumento dos niveis plasmaticos de LPS. Além da dieta hiperlipidica, outros fatores,
tais como o consumo de alcool, estresse e radiacdo, estdo envolvidos no aumento
da permeabilidade intestinal.®%1%"

LPS agem sobre receptores da familia TLR, em particular o TLR4, ativando a
via do NF-kB, favorecendo a expressao génica de citocinas pro-inflamatdrias, tais
como: TNF-a, IL-1B, IL-6.1%°19) Creely et al. (2007)""° identificaram um aumento nas
concentragdes circulantes de endotoxina em mulheres portadoras de diabetes
mellitus do tipo 2, acompanhado de aumento na expressao protéica de TLR2 e a

secrecgao de IL-6 e TNF-a por adip6citos isolados do tecido adiposo subcuténeo.
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Outro ponto importante relacionado ao papel do intestino no desenvolvimento
de doengas metabdlicas cronicas, € a relacdo entre esse 6rgdo e o controle da
ingestdo alimentar. O intestino é considerado o maior 6rgdo endoécrino do
organismo. O papel dos peptideos intestinais e gastrointestinais no controle da fome
e ingestdo alimentar tem sido alvo de muitos estudos nas ultimas décadas. A
regulacéo da ingestdo alimentar ocorre por meio da comunicagédo entre o sistema

21.2829) Og principais peptideos gastrintestinais implicados

nervo entérico e o cérebro.
na regulacdo da ingestdo alimentar sao: peptideo-YY (PYY), polipeptideo
pancreatico (PP), peptideo glucagon-simile 1 (GLP-1), oxintomodulina (OXM),

colecistocinina (CCK) e grelina.?”:23.29)

Peptideo que contém 28 aminoacidos e conhecida por seu efeito orexigeno, a
grelina €& produzida principalmente no estdmago, mas sintetizada, também, em
pequenas concentragdes no intestino delgado, figado, péancreas, rim, pulmao,

hipdfise, hipotalamo, placenta e testiculos.!"'!112113)

Inicialmente a grelina foi
conhecida por estimular a liberagdo de horménio do crescimento (GH), mas,
posteriormente, seus efeitos na regulacédo da ingestdo alimentar também foi

descoberta.""114)

Em condigdes fisiolégicas, a grelina oscila em um padrao ritmico de secrecao
e tem seu pico de liberagdo imediatamente anterior uma refei¢gdo. Portanto, a grelina
esta envolvida no estimulo para o inicio da ingestdo alimentar, possivelmente por

11519 Outras evidéncias indicam,

meio de ativacdo do sistema nervoso simpatico.
também, que a grelina aumenta a frequéncia da alimentacéo, sem afetar o tamanho
de alimentagdo, aumenta a motilidade gastrica, e diminui a secre¢ao de insulina,
além de induzir a lipogénese em tecido adiposo branco por meio da inibicdo do

sistema melanocortina hipotalamico.4-118-120)

Outros fatores importantes relacionados ao controle da ingestao alimentar
sdo: neuropeptideos POMC, CART e NPY. NPY (neuropeptideo Y) €& um
neuropeptideo orexigéno, enquanto POMC (peptideos anorexigeno pro-
opiomelanocortina) e CART (transcrito relacionado a cocaina e a anfetamina)
apresentam efeitos anorexigenos. Hormdénios anorexigenos promovem a ativagao

de neurbnios no nucleo arqueado do hipotdlamo que expressam a POMC e levam a
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sintese do horménio a-melanécito estimulante (a-MSH), que, por sua vez, se liga a
receptores de melanocaortina promovendo a reducdo da ingestdo alimentar. Por
outro lado, horménios que potencializam os efeitos orexigenos aumentam a
expressdo de NPY, que antagonizam os efeitos da POMC e do CART. Dados da
literatura relacionam o aumento da atividade de neurdnios orexigenos é estimulada
pela elevagdo dos niveis gastricos do hormdnio grelina, porém apos a alimentagéo
este hormdnio retorna aos niveis basais. O aumento dos horménios leptina, insulina
e peptideo YY (PYY) elevam a produgéo do a-MSH, antagonizando a atividade dos

neurdnios NPY e, consequentemente, reduzindo a ingestéo alimentar.'?12%)

Peptideos glucagon-simile, como GLP-1 e GLP-2, sao secretados e liberados
pelas células L do intestino. GLP-1 exerce efeitos por meio de ligagado ao receptor de
GLP-1, proteina ligada a adenilato ciclase (GLP-1R), expresso em células do

124)

pancreas, rins, pulmdes, cérebro, trato gastrintestinal e coragéo.( Diversos

estudos tém relacionado ao GLP-1 efeitos anorexigenos, por meio do aumento de

125 Niveis reduzidos de

sinais de saciedade e redugdo o esvaziamento gastrico.'
GLP-1 podem estar associados a obesidade. Naslund et al., (2004)'?® verificaram
que a administracdo subcutdnea de GLP-1 em individuos obesos antes das

refeicdes promoveu redugdo da ingestédo alimentar e perda de peso.
2.4 A ingestao de Prebidticos na Gestagao e Lactagao

Os polissacarideos constituem a principal fonte energética de bactérias
comensais que colonizam o intestino grosso. A degradacao desses polissacarideos
levam a geragéo de produtos intermediarios tais como o lactato, succinato e acidos
graxos de cadeia curta (butirato, acetato, propionato), que desempenham fungdes
importantes. Portanto, entre as estratégias utilizadas para modular a composigao
microbiana intestinal, esta a ingestao de fibras prebidticas.'?")

Prebidticos sado polissacarideos fermentados pelas bactérias do célon e que
podem alterar o ambiente intestinal no que concerne a populacédo bacteriana e a

permeabilidade intestinal.®® Devido & sua B-configuracdo, oligofrutose e outros
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frutanos do tipo inulina sdo hidrolisados e fermentados pela microbiota colénica e,
desse modo, s&o considerados fibras alimentares prebidticas.!'?®

Presente naturalmente em diversas frutas e vegetais, a oligofrutose € um
oligossacarideo que apresenta ligagoes tipo B(2-1) entre as moléculas de frutose e,
com isso, sao resistentes a digestao pelas enzimas gastrointestinais. A oligofrutose
sofre fermentagdo no ceco e célon, produzindo acidos graxos de cadeia curta
(AGCC) que, por sua vez, promovem modificagdes na composicdo bacteriana
intestinal e pH coldnico.®>127-131

Cani et al. (2007)* observou que a suplementacdo com oligofrutose,
promoveu alteracbes na composicdo da microbiota intestinal e melhoria dos
parametros metabodlicos de inflamacido e endotoxemia em animais tratados com a
dieta hiperlipidica.

Os acidos graxos de cadeia curta (AGCC), produtos finais da fermentacao
bacteriana, podem promover as alteragcdes na permeabilidade intestinal, reduzindo,

assim, a translocagdo de LPS na circulacdo sanguinea.®®"3%

Nesse sentido,
evidéncias recentes indicam que oligofrutose € capaz de induzir a produgdo de
acidos graxos de cadeia curta (AGCC), reduzindo a endotoxemia e promovendo
atividade anti-inflamatéria.'3#13%

Nakamura et al. (2011)"* identificaram que a administracdo oral, em
camundongos, de 2,5g/kg de emulsao lipidica contendo frutooligossacarideos
(FOS), outro frutano do tipo inulina, suprimiu, significantemente, a elevacdo de
triacilglicerol no plasma quando comparado a animais que receberam apenas
emulsao lipidica. Nesse mesmo estudo, quando os animais eram submetidos a uma
dieta rica em gordura com ou sem 2,5% de suplementacdo de FOS por doze
semanas, peso corporal, porcentagem de gordura corporal, tecido adiposo visceral e
o conteudo de triglecerideos no figado foram menores em animais que consumiram
FOS."'®

Cani et.al (2007) verificaram que a dieta hiperlipidica promoveu resisténcia a
insulina em camundongos, acompanhada de aumento de endotoxina circulante e da
expressdo génica de IL-6, TNF-a, IL-18 e PAI-1 em tecido adiposo.®” Esse mesmo
grupo verificou que a suplementacdo com oligofrutose aumentou o conteudo de

Bifidobactérias e reduziu a endotoxemia induzida pela ingestao de dieta hiperlipidica,
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sugerindo que o aumento de Bifidobactérias promovido pelos prebidticos exerce um
efeito protetor contra a endotoxemia induzida pela dieta rica em gordura.®%3%

A ingestao de probidticos e fibras alimentares durante a gestagéo pode ser
considerada benéfica para a mae e para a crianga, uma vez que, a colonizagao
bacteriana do recém-nascido ocorre sob fortes influéncias da microbiota intestinal

135)

materna.’ A amamentacdo é também um periodo importante para essa

colonizagao como, por exemplo, a transferéncia de bactérias para o recém-nascido
por meio do leite materno.('*®

Recentemente, Paul et al. (2016), realizou estudo com ratas Sprague-Dawley
induzidas a obesidade por dieta rica em sacarose e gordura e avaliou o efeito da
suplementagdo materna de oligofrutose (10%). A ingestao de prebidticos melhorou o
metabolismo materno e aumentou hormdnios intestinais relacionados a reducao da
ingestao alimentar, PYY e GLP-1 e GLP-2 nas maes e na prole com vinte e um dias
de vida. Em sintese, os autores concluiram que a suplementagdo de oligofrutose
(10%) durante a gestagao e lactacdo melhora o metabolismo materno em ratos com
obesidade induzida por dieta hiperlipidica atenuando a programagdo metabdlica
associada a obesidade materna.

Por outro lado, nosso grupo de pesquisadores, previamente, demonstrou que
o consumo materno de uma dieta suplementada com oligofrutose (10%), durante a
gestacao e lactagcao, exerceu um efeito pro-inflamatério decorrente de um aumento
na endotoxemia em ratas Wistar.®"*? Ainda sdo poucos os estudos desenvolvidos
com a suplementacéo de fibras prebidticas durante a gestacado e lactagéo, portanto,

mais estudos precisam ser desenvolvidos no sentido de identificar esses efeitos.
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3 OBJETIVOS GERAIS

Avaliar o efeito de uma dieta suplementada com OF (10%) ou de uma dieta
contendo gordura vegetal hidrogenada (7%), rica em TFA, durante a gestagéo e
lactagao, sobre parametros metabdlicos e inflamatérios de ratas lactantes e da prole,
com noventa dias de vida, no que concerne a endotoxemia, metabolismo e
parametros inflamatérios. Adicionalmente, avaliamos se a dieta suplementada com
OF (10%) modifica esses parametros na prole, com noventa dias de vida, de maes

que receberam dieta contendo TFA durante getagao e lactacao.

3.1 Objetivos Especificos

Nas maes que receberam gordura vegetal hidrogenada (7%) ou oligofrutose

(10%) durante a gestacéo e lactagéo, avaliamos:
®  Consumo alimentar e evolugdo da massa corporal;
®  Conteudo de gordura e proteina na carcaga;

® Peso relativo do figado, tecidos adiposos retroperitoneal e parametrial,

musculos soleo e EDL.

®  Conteudo de IL-6, IL-10, TNF-a e razao IL-10/TNF-a no figado, tecido adiposo

retroperitoneal, musculos séleo e EDL.

® A concentragdo sérica de lipopolissacarideos, triacilglicerol, colesterol total,
HDL-colesterol, glicose, acidos graxos livres, adiponectina, insulina, grelina,
NPY.

® Niveis de DNA gendémico para Lactobacillus spp. no colon.

Nos filhotes machos com noventa dias de vida (tratados com dieta controle
contendo ou OF), provenientes de ratas que ingeriram gordura vegetal hidrogenada
(7%) ou dieta suplementada com OF (10%), durante a gestacdo e lactagéao,

avaliamos:
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Consumo alimentar, evolugdo da massa corporal, evolugdo do comprimento

naso-anal, a eficiéncia metabdlica e Indice de Lee;
Conteudo de gordura e proteina na carcaga;

Peso relativo do figado, tecidos adiposos retroperitoneal e epididimal,

musculos soéleo e EDL;

Conteudo de IL-6, IL-10, TNF-a e razédo IL-10/TNF-a no figado, tecido adiposo

retroperitoneal, musculos séleo e EDL;

A concentragao sérica de lipopolissacarideos, triacilglicerol, colesterol total,
HDL-colesterol, glicose, acidos graxos livres, TNF- a, leptina, insulina, grelina,
NPY;

Niveis de DNA gendmico para Lactobacillus spp. no célon;

A expressao protéica dos seguintes receptores: IL-6Ra, IL-10Ra, AdipoR1, p-

IKBa, p-NFkB-p50 e p-NFkB-p65 no tecido muscular soleo;

A expressao protéica dos seguintes receptores: IL-10Ra, AdipoR2, p-IKBa, p-
NFkB-p50 e p-NFkB-p65 no figado.
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4 MATERIAS E METODOS

4.1 Animais

Ap6s aprovacédo pelo Comité de Etica em Pesquisa (CEP) da Universidade
Federal de Sdo Paulo (UNIFESP), numero CEP 1907/11 (anexo 1), ratos machos e
fémeas virgens da linhagem Wistar, com dois meses de idade, procedentes do
Centro de Desenvolvimento de Modelos Experimentais da UNIFESP (CEDEME),
foram mantidos sob condi¢cdes de ciclo de luz, doze horas claro e doze escuro, e,
também, em temperaturas controladas de 24° + 1°C.

Aos trés meses de idade as ratas foram acasaladas. No dia seguinte,
verificamos a presenga de espermatozdides na luz vaginal. Para tanto, uma
pequena quantidade de salina (0,9%) foi introduzida na vagina e, a seguir, aspirada,
utilizando-se um conta-gotas. Constatada a provavel concepcéo, isto €, o primeiro
dia da gestagéo, as fémeas foram mantidas em gaiolas plasticas individuais.

No dia do nascimento, considerado dia zero da lactagdo, a ninhada foi
ajustada para oito filhotes machos para cada mé&e. No vigésimo primeiro dia da
lactagcao os animais foram desmamados e as maes eutanaziadas. Parte dos filhotes
foi eutanaziada, imediatamente, e os demais foram mantidos em gaiolas individuais

até noventa dias de vida.
Grupos Experimentais:

No primeiro dia de gestacdo, as ratas foram divididas em trés grupos, de
acordo com a dieta que receberiam durante toda gestacgao e lactagao (Figura 4):

Grupo Controle (C) — dieta contendo 6leo de soja como fonte de gordura;

Grupo Controle OF (OF) — dieta contendo 6leo de soja como fonte de
gordura com suplementacao de oligofrutose (10%); e

Grupo Trans (T) — dieta contendo gordura vegetal hidrogenada como fonte

de gordura.
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1°dia de gestacdo
|
! } }

Grupo Controle (C): Grupo Oligofrutose (OF): Grupo Trans (T):
dieta contendo dleo dieta contendo dleo de soja dieta contendo gordura
de soja como fonte como fonte de gordura com vegetal hidrogenada
de gordura suplementacaode como fonte de gordura
oligofrutose (10%) (7%)

Figura 4. Representacdao esquematica da formagdo dos grupos experimentais de ratas

gestantes.

Parte da prole recebeu dieta controle com ou sem suplementagdo com OF até
noventa dias de vida, constituindo os grupos (Figura 5):

Controle-Controle (C-C) — continuou recebendo dieta Controle;

Controle OF-Controle (OF-C) — passou a receber dieta Controle;

Trans-Controle (T-C) — passou a receber dieta Controle; e

Trans- OF (T-OF) — passou a receber dieta contendo 6leo de soja como fonte

de gordura com suplementagao de oligofrutose (10%).

Ao 21° dia de via os filhotes foram desmamados e divididos de
acordo com a dieta materna durante a gestacdo e lactacdo

|
| ! ! l

Controle Oligofrutose Trans Controle Trans
Controle Controle (T-C) Oligofrutose
(c-C) (OF-C) (T-OF)

Figura 5. Representacao esquematica da formagao dos grupos experimentais de filhotes, apos

desmame.

4.2 Composicao das Dietas
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As dietas foram preparadas no laboratério e sua composi¢do seguiu as

137.138) As ratas gestantes

recomendagdes do American Institute of Nutrition (AIN-93).¢
e lactantes bem como seus filhotes, até dois meses de vida, receberam dieta de
crescimento (G), contendo 20% de proteina (AIN-93G). Durante o terceiro més de
vida os filhotes receberam dieta de manutencgéo (M), contendo 14% de proteina e a
quantidade de fosfato na mistura de minerais foi ajustada a fim de manter a relagéao

Ca: P, uma vez que a caseina contém fosfato (AIN-93M), conforme tabela 1.

Tabela 1- Composigao das dietas (g/100g) — AIN-93G e M

Ingredientes Controle Trans Oligofrutose
Caseina* 20 (14) 20 (14) 20 (14)
L-cistinat 0,3 (0,18) 0,3 (0,18) 0,3 (0,18)
Amidot 62 (71,1) 62 (71,1) 52 (61,1)
Oleo de sojat 8 (5) 1 8 (5)
Gordura Vegetal Hidrogenada$ - 7 (4) -
BHT(butilhidroxitolueno)t 0.0014(0.0008) 0.0014(0.0008)  0.0014(0.0008)
Mistura de minerais£ 3,5 3,5 3,5
Mistura de vitaminas# 1,0 1,0 1,0
Oligofrutose¢ - - 10,0
Celuloset 5,0 5,0 5,0
Bitartarato de colina 0,25 0,25 0,25

AIN93 G - Dieta de crescimento; AIN93 M - Dieta de manutencao.

*Caseina foi obtida a partir da Labsynth, Sdo Paulo, Brasil.

tL-cistina, amido, BHT, celulose e bitartarato de colina foram obtidos na Viafarma, Sdo Paulo, Brasil.
$Oleo foi fornecido pela soja (Lisa/Ind. Brasil).

$Gordura Vegetal Hidrogenada foi fornecida pela Unilever, Sdo Paulo, Brasil.

£Mix de Minerais (mg/kg de dieta): calcio, 5000; fésforo, 1561; potassio, 3600; sddio, 1019; cloreto,
1571; enxofre, 300; magnésio, 507; ferro, 35.0; cobre, 6.0; manganés, 10.0; zinco, 30.0; cromo, 1.0;
iodo 0.2; selénio, 0.15; fluoreto, 1.00; boro, 0.5; molibdénio, 0.15; silicio, 5.0; niquel, 0.5; litio, 0.1;
vanadio, 0.1 (Mix de minerais AIN-93G, Rhoster, Brasil).

#Mix de Vitaminas (mg/kg de dieta): tiamina HCL, 6.0, riboflavina, 6.0; piridoxina HCL 7.0; niacina,
30.0; pantotenato de calcio, 16.0; acido folico, 2.0; biotina, 0.2; vitamina B12, 25.0; vitamina A
palmitato 4000 IU; vitamina E acetato, 75; vitamina D3, 1000 IU; vitamina K1, 0.75 (Mix de vitaminas
AIN-93G, Rhoster, Brasil).

¢Oligofrutose (P95) foi fabricada pela Orafti (Pemuco, Chile) e foi obtida a partir da Viafarma, Sao
Paulo, Brasil.

As dietas suplementadas com prebidtico (OF) foram acrescidas com 100g/kg

de dieta de oligofrutose (Orafti P95, Pemuco, Chile). Segundo o fabricante, a

oligofrutose usada nesse estudo € uma mistura de oligossacarideos extraidos da
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raiz da chicéria. Esses oligossacarideos sédo constituidos por unidades de frutose
conectadas por ligagdes B (2—1) e algumas dessas moléculas possuem uma glicose
na unidade terminal. O Anexo 2 apresenta o certificado de analises da oligofrutose
distribuida pela empresa Viafarma (Sdo Paulo, Brasil). As dietas foram analisadas

previsamente por Pisani et al. (2008) a fim de determinar o perfil de acidos graxos.

4.3 Procedimento experimental

Apdés a constatagdo da provavel concepgdo as ratas foram pesadas
semanalmente, até o vigésimo primeiro dia de lactagdo. O peso e comprimento
nasoanal dos filhotes foi aferido um dia apés o nascimento e semanalmente até
completarem noventa dias de vida. O indice de Lee foi calculado dividindo a raiz
cubica do peso corporal (g) pelo comprimento nasoanal (cm) e multiplicando o
resultado por 1000.("%9

Todos os animais foram eutanaziados por decapitagdo. O sangue foi coletado
e centrifugado a 2500 rpm durante trinta minutos para obtengdo do soro que foi
armazenado a —80°C para posteriores analises bioquimicas, da endotoxemia,
citocinas, acidos graxos livres (AGL) e niveis hormonais.

O tecido adiposo branco retroperitoneal (RET), o figado e os musculos sbleo
e EDL foram retirados e colocados, imediatamente, em nitrogénio liquido, colocados
em tampao especifico para realizacdo de western blotting ou ELISA e armazenados
a-80°C.

O intestino e fezes foram retirados e separados nas porgdes: ceco e colon e
colocado em nitrogénio para a determinagdo do DNA das bactérias presentes
nessas porc¢des por PCR em tempo real.

As carcagas dos animais foram evisceradas, pesadas e mantidas a —20°C até
a analise do conteudo de gordura e proteina. O conteudo total de lipidios foi extraido

140

conforme descrito por Stansbie et al. (1976) " e quantificado por meio de método

gravimétrico™'.

4.4 Conteudo de Gordura e Proteina da Carcaga
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As carcagas foram autoclavadas a 120°C por noventa minutos e
homogeneizadas com o dobro do peso de agua. Triplicatas da mistura,
aproximadamente 2 gramas, pesadas em balanga analitica e digeridas em tubos de
vidro, hermeticamente fechados com 3 mL de 30% KOH por quinze minutos a 70°C,
e em seguida acrescidos 3,0 mL de etanol absoluto por mais duas horas. Apds
resfriamento, 2 mL de 12N H,SO,4 foram adicionados e os tubos homogeneizados. A
seguir, a mistura foi lavada trés vezes por dez minutos cada vez com éter de
petréleo e centrifugada rapidamente a 1.000 rpm, para decantagdo dos detritos de
tecido. O sobrenadante, contendo os lipidios totais diluidos no éter de petréleo, foi
transferido para tubos de vidro, previamente, pesados em balanca analitica. Apds
total evaporacdo do solvente, em capela de exaustao a temperatura ambiente, os
frascos foram pesados, novamente, obtendo-se o conteudo de gordura. Os
resultados foram expressos como g de lipidio/100 g de carcaca.

Para a dosagem de proteinas, foi utilizado o método descrito por Lowry et al.
(1951). Em sintese, aliquotas em triplicata do mesmo homogenato de carcaga,
aproximadamente 1g, foram aquecidas a 37°C por uma hora em 0.6N KOH sob
agitacao constante. Apods clarificagao por centrifugacéo, o conteudo de proteina total
foi medido, espectrofotometricamente, pelo método de Bradford usando o reagente
da Bio-Rad (Bio-Rad, Hercules, Califérnia, USA), que tem como referéncia a
albumina de soro bovino. Uma curva de concentragbes de albumina foi utilizada

como fator de ajuste.

4.5 Analise da expressao proteica de IL-6Ra, IL-10Ra, AdipoR1, p-IKBaq,
p-NFkB-p50 e p-NFkB-p65 por Western Blotting

Para analise da expressao proteica de IL-6Ra, IL-10Ra, AdipoR1, p-IKBa, p-
NFkB-p50 e p-NFkB-p65, o tecido muscular séleo (200mg) e o figado (150mg) foram
colocados em 1,0 ml de tampao especifico, preparado e aquecido no dia do
experimento, para extratos totais tendo a seguinte composicdo: Trizma base 100
mM pH 7.5, EDTA 20 mM, fluoreto de sddio 100 mM, pirofosfato de sddio 100 mM,
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ortovanadato de sédio 10 mM, PMSF (Fluoreto de Fenilmetilsulfonil) 2 mM e 0.1 mg
de aprotinina por mL.

Os tecidos foram, rapidamente, homogeneizadas utilizando um politron, em
seguida, adicionou-se 800 pyL de 1% Triton X-100 e aguardou-se 30 minutos. Em
seguida, o homogenato foi centrifugado por quarenta minutos a 14000 rpm a 4°C. O
sobrenadante foi mantido em gelo e o teor de proteinas totais determinado pelo
método de Bradford usando o reagente da Bio-Rad (Bio-Rad, Hercules, California,
USA), que tem como referéncia a albumina de soro bovino.

As amostras foram adicionadas ao tampao de Laemmli, azul de bromofenol
0,01%, fosfato de sodio 50 mM, glicerol 25%, SDS 1%, na propor¢cao de 4: 1,
contendo 100 mM de DTT. O volume de 50 ng de proteina foi submetido a
eletroforese em gel de poliacrilamida desnaturante a 10%. Apods eletroforese, as
amostras foram transferidas para membrana de nitrocelulose por um hora e meia (4
géis) a 15 V em um aparato de transferéncia semiseca (Bio-Rad, Hercules,
Califérnia). A membrana foi bloqueada 22°C por duas horas em 15 ml de solugéo
bloqueadora, composta de solugdo basal, Trizma base 10 mM, NaCl 150 mM,
Tween 20 50 ul/ml, contendo 1% de albumina de soro bovino (BSA). Em seguida, foi
feita a incubagcdo com o anticorpo primario especifico overnight. A seguir, a
membrana foi incubada por uma hora a 22°C com anticorpo secundario associado a
peroxidase. O anticorpo secundario constitui sempre de uma anti-imunoglobulina
dirigida contra o animal produtor de anticorpo primario. A membrana foi revelada por
quimioluminescéncia apds adi¢gao do reagente de revelagao ECL (Amersham/GE) e
exposta ao Fotodocumentador Alliance 4.7 (Uvitec, Cambridge, UK). As bandas de
interesse foram quantificadas por densitometria, utilizando-se o programa Scion

Image (Scion Image-Release Beta 3b, NIH, USA).

4.6 Dosagem de Citocinas TNF-a, IL-6, lI-10 por ELISA

Por¢des do RET (0,3 g), figado (0,1 g), EDL e SOL (0,1 g) foram
homogeneizados em 800 mL de tampé&o de extragdo frio (100 Trizma mM, pH Base
de dados de 7,5; EDTA 10 mM; NaF 100 mM; 10 mM de Na4P207; Na3V0O4 10 mM;
2 mM de PMSF, 0,1 mg / ml de aprotinina). Apés homogeneizagao, 80 ul de 10% de
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Triton X-100 foram adicionados a cada amostra. Estas amostras foram mantidas em
gelo durante 30 minutos e depois centrifugadas (20.817 g, 40 minutos, 4°C). O
sobrenadante foi guardado, e as concentragdes de proteina foram determinadas
usando o ensaio de Bradford (Bio-Rad, Hercules, Califérnia) com albumina de soro
bovino como uma referéncia. Avaliagao quantitativa de TNF-q, IL-6 e IL-10 proteinas
foi realizada utilizando ELISA (DuoSet ELISA, R & amp; D Systems, Minneapolis,
MN, EUA) seguindo as recomendagdes do fabricante. Todas as amostras foram

testadas em duplicata, e o valor médio é relatado.

4.7 Analise dos niveis de DNA genémico para Lactobacillus spp.

O DNA gendmico das amostras de fezes do célon e ceco foi extraido com o
Minikit QIAmp DNA Stool (Qiagen, Valencia, CA, USA) de acordo com as
recomendacdes do fabricante. O DNA foi quantificado no espectrofotdmetro
NanoDrop ND-1000 (NanoDrop Technologies Inc., Wilmington, EUA). A leitura foi
realizada nos comprimentos de onda de 260nm, 280nm e 230nm para a obtencao
da concentragdo de DNA/ (L. O grau de pureza foi estimado pela relagéo
260/280nm que deve variar entre 1.8 e 2.0 para acidos nucleicos. Todas as
amostras foram mantidas a -800C. 28 Niveis relativos de DNA genbémico para as
bactérias intestinais foram quantificados utilizando-se a técnica de PCR-RT por meio
do equipamento ABI Prism 7500 Sequence Detector (Applied Biosystems, Foster
City, CA, USA). O método de detecgao foi com a utilizagéo do fluoréforo SyberGreen
(Applied Biosystems, Foster City, CA, USA). Para a analise da microbiota intestinal
utilizamos como controle a quantificagdo de todas as bactérias (all bacteria). As
informagbes foram gravadas com o software Sequence Detector (Applied
Biosystems, Foster City, CA, USA).

Tabela 2. Sequéncia de iniciadores diretos (forward) e reversos (reverse) usados em PCR real

time para DNA genémico de bactérias

Iniciadores
Lactobacillus spp. F: 5 AGCAGTAGGGAATCTTCCA 3
R: 5 CACCGCTACACATGGAG ¥
All Bacteria F: 5 TCCTACGGGAGGCAGCAGT 3’
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R: 5 GACTACCAGGGTATCTAATCCTGTT 3’

Os resultados foram obtidos usando o software Sequence Detector (Applied
Biosystems) e sdo expressas como um aumento relativo, utilizando o método do 2-
111Ct descrito por Livak & Schmittgen (2001) .12

4.8 Analise dos niveis séricos de TNF-a

A concentracdo de TNF-a no soro foi analisada utilizando MILLIPLEX MAP
96-well Rat Cytokine/Chemokine Magnetic Bead Panel Kit (Millipore, Billerica, MA,
EUA). Todos os procedimentos necessarios para essa analise foram realizados pelo
Instituto Genese de Analises Cientificas (IGAC, Sao Paulo, Brasil). As
recomendacdes do fabricante, que sao listados no protocolo que acompanha o
produto, foram seguidos para a analise. O ensaio ndo detectou as concentragdes de
IL-6 e IL-10 (interleucina-10) citocinas; Assim, somente a concentracdo sérica de

TNF-a foi apresentada nos resultados.

4.9 LPS, Acidos Graxos Livres e Citocinas por ELISA

A dosagem sérica de LPS foi realizada utilizando-se o Kit de teste
cromogénico quantitativo para detecgcao de endotoxina, Limulus Amebocyte Lysate
(LAL) assay (QCL- 1000 assay, Lonza, Walkersville, MD, USA). As amostras de soro
foram diluidas 10 vezes com agua apirogénica e entado incubadas em tubos livres de
pirébgenos a 75°C por 5 minutos. Todos os materiais utilizados no teste foram
previamente autoclavados para torna-los livres de pirégenos e evitar interferéncia no
teste. A curva padréo usada no teste foi gerada por concentragbes conhecidas de
LPS advindos da Escherichia coli O111:B4.

Para a determinacdo dos acidos graxos livres no soro, as amostras foram
diluidas 20 vezes e foi utilizado o Kit 96-well Serum/Plasma Fatty Acid Kit Non-
Esterified Fatty Acids Detection 500 Point Kit (Zenbio Inc., Research Triangle Park,
NC, USA).
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4.10 Analise bioquimica e hormonal

As concentragdes de glicose no soro, triacilglicerol, colesterol total e HDL-
colesterol foram analisados por meio de kit colorimétrico enzimatico comercial
(labtest, Brasil). As concentragdes de insulina, a grelina, NPY, leptina e adiponectina
foram quantificadas utilizando kits especificos ligados a enzima ensaio
imunoabsorvente (ELISA) (Linco Research, EUA).

4.11 Analise estatistica

Os resultados analisados por meio do software StatsDirect, foram expressos
como média + EPM e submetidos a analise de variancia de uma via (ANOVA) e ao
teste post hoc de Tukey para o estudo dos animais com noventa dias de vida. Teste
t de Student para amostras ndo pareadas para o estudo das ratas aos vinte e um

dias de lactacéo. O nivel de significancia adotado foi p < 0.05.
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5 RESULTADOS E DISCUSSAO

Os resultados desta tese serdo apresentados na forma de dois trabalhos

cientificos.
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ARTICLE 1

TITLE:

EFFECT OF OLIGOFRUCTOSE (10%) SUPPLEMENTATION DURING
PREGNANCY AND LACTATION ON METABOLISM AND INFLAMMATORY
PARAMETERS IN DAMS AND 90 DAYS OLD OFFSPRING
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ABSTRACT

Background. It has a positive correlation between the development of metabolic
diseases and the changes in the gut microbiota and production of pro-inflammatory
cytokines. Prebiotic intake may alter the intestinal environment and presenting
antiinflammatory properties. The present study aims to evaluate the effect of a diet
supplemented with OF (10%) during gestation and lactation on metabolic parameters
and inflammatory lactating rats and ninety days old offspring, concerning
endotoxemia, metabolic and inflammatory parameters. Methods: On the first day of
pregnancy, the rats were divided into two groups: control diet (C) and control diet
supplemented with 10% oligofructose (OF). The diets were maintained during
pregnancy and lactation. In the twenty-first day of lactation animals were weaned and
mothers euthanized. Part of the puppies were euthanized immediately and the others
were kept in individual cages within ninety days of life. The blood, bowel,
retroperitoneal adipose tissue (RET), parametrial fat mothers and epididymal of
puppies, liver, soleus muscle tissues and EDL were collected. The serum was used
for measuring lipopolysaccharide (LPS), free fatty acids (FFA), TNF-a, hormones,
insulin, Ghrelin, adiponectin and NPY as well as cytokines by specific kits. The liver,
and soleus and EDL RET muscle tissue were used for determination of cytokine
content by specific kits. The liver and soleus muscle tissue were placed in a specific
buffer to perform Western blotting. Genomic DNA Bacteria present in the colon feces
was determined by real time PCR. Results. Supplementation with 10% of
oligofructose during pregnancy and lactation reduced body weight gain, maternal
dietary intake and serum adiponectin levels. In ninety days old offspring, maternal
supplementation of oligofructose (10%) promoted increased IL-6 content and protein
expression of IL-6R, and reduced protein expression of ADIPO-R1 in the soleus
muscle. Conclusion. Intake of 10% oligofructose during pregnancy and lactation
promoted a pro-inflammatory effect in dams and offspring associated with a decrease
in mother’s serum adiponectin, an increased IL-6 content, IL-6R protein expression
and reduced Adipo-R1 protein expression in soleus muscle of 90 days old offspring.

Further studies should investigate the dose-response effect of oligofructose
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supplementation during pregnancy and lactation on the development, metabolism,

endotoxemia and inflammatory mechanisms in dams and pups.
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INTRODUCTION

Maternal nutrition plays an important role in metabolic and hormonal
interactions between the fetus, the placenta and the mother. Maternal nutritional
status is directly related to with maternal metabolism and the fetal growth and there
are several evidences indicating the influence of nutritional and hormonal
environment during intrauterine life and its impact on adult life. Adaptive response to
nutritional conditions, the fetal period may modify the metabolic programming due to
genetic susceptibility and rapid cell division during this period, resulting in persistent
and lasting effects into adulthood. The degree of metabolic change in the program
depends on the genetic background, the period and intensity of exposure to factors

that influence this setting, the response may be varied between individuals."?

Other important issue, abnormal weight gain during the pregnancy puts the
mother into increased risk of serious health problems such as risk of cesarean
delivery, delivery complications, preeclampsia, and postpartum weight retention and
therefore, increasing the long-term risk of weight-associated diseases.® Pregnancy
is a period where an increase in food intake occurs and thus the susceptibility to the
development of obesity is increased. Dietary fiber supplementation is thought to
attenuate food intake through several mechanisms; however, the most widely
reported mechanism with oligofructose is modification of satiety hormone
response.*

Prebiotics are fermented by the colonic bacteria and can alter the intestinal
environment (bacterial population, intestinal permeability) concentrations.®
Oligofructose, fructooligosaccharides and inulin are members of the inulin-type
fructans group. Oligofructose is considered synonym for inulin-type fructans with a
maximum degree of polymerization (DP) of less than 10."”) In addition, due to the R-
configuration, oligofructose and other inulin-type fructans are hydrolyzed and
fermented by the colonic microbiota rather than being digested in the upper
gastrointestinal tract, with health benefits to the host. Thus, the inulin-type fructans

are considered dietary fibers and prebiotics.®
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It has been established that there is a positive correlation between the
development of metabolic diseases and the changes in the gut microbiota and

19T A recent study with supplementation

production of pro-inflammatory cytokines.'
with prebiotics such as fructooligosaccharides (FOS), showed changes in the
composition of the intestinal microbiota, improving metabolic parameters of
inflammation in animals treated with hyperlipidic diet. This results showed that gut
bifidobacteria are lower in obesity with high-fat feeding and that supplementing the
diet of mice with prebiotics restores bifidobacteria numbers and reduces metabolic
endotoxaemia caused by a high-fat diet.'? Parnell & Reimer (2012) reported an
increased in the Lactobacillus spp. levels of the 8-weeks-old obese rats fed high fiber

diet (20% of inulin and oligofructose) during 10 weeks.

It is known that short chain fatty acids (SCFA) end products of microbiana
fermentation, can promote alterations in intestinal permeability, thereby reducing

translocation of LPS into the blood circulation.®'®

) LPS promotes the activation of
TLR4, contributing to systemic inflammation by inducing the secretion of
proinflammatory cytokines such as IL-6 and TNF-a®. Recent evidence indicates that
oligofructose is capable of inducing the production of short chain fatty acids (SCFA),
which have anti-inflammatory properties.'*'°)

The intake of probiotics and dietary fiber during pregnancy can be considered
beneficial for both the mother and the child, given that bacterial colonization of the
newborn occurs under strong influences of maternal intestinal microbiota.('®
Breastfeeding is also an important period for this colonization, as through breast milk

the mother transferring bacteria to the newborn.!"”

We previously showed that the maternal consumption of a control diet
supplemented with OF (10%) during pregnancy and lactation is deleterious to
offspring development, increases endotoxemia and promotes a pro-inflammatory
effect in 21-d-old pups.!"®'® The aim of this study was to evaluate the oligofructose
supplementation and its relationship with dams and offspring’s weight gain, dietary
intake, biochemical and inflammatory parameters in order to progress in

understanding its effects on pregnancy period and consequences to adult pups.
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MATERIAL AND METHODS

Animals and treatments

The experimental research committee of the Universidade Federal de Sdo Paulo
approved all procedures for the care of the animals used in this study followed
international recognized guidelines (CEUA protocol n°737014). The rats were kept
under controlled conditions of light (12-h light/12-h dark cycle with lights on at 07:00)
and temperature (24 £ 1°C), with ad libitum water and food. Three-month-old female
Wistar rats (4 animals in each group) were left overnight to mate, and copulation was
verified the following morning by the presence of sperm in vaginal smears.

On the first day of pregnancy, the dams were isolated in individual cages and
sequentially divided into two groups, each receiving: a control diet (C diet, Cgroup)
and a control diet supplemented with oligofructose (OF diet, OF group). On the day
of delivery, considered day O of lactation, litters were adjusted to eight pups each.
The diets were maintained throughout pregnancy and 21 days of lactation. The two
diets were prepared according to the recommendations of the American Institute of
Nutrition (AIN- 93G)**?' and were similar in calories and lipid content. The OF diet
were prepared by adding 100 g/kg diet of oligofructose (Orafti P95,Pemuco, Chile).
According to manufacturer, the OF used in this study is a mixture of oligosaccharides
extracted from chicory root. These oligosaccharides are composed of fructose units
connected by B (2-1) links. Some of these molecules are terminated by a glucose
unit. The degree of polymerization (DP) of oligofructosein this supplement ranges

between 2 and 8. The centesimal composition of the diets is presented in Table 1.

Experimental procedures

The dams after 21 days of lactation period and pups at 90" days of life were
euthanized by decapitation. The animals were fasted for 10 hours. Trunk blood was
collected and immediately centrifuged at 2500rpm for 15 minutes. The serum was

separated and stored at —80°C for later determination of lipopolysaccharides (LPS),
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free fatty acids (FFA), adiponectin, insulin, glucose, triacylglycerol, total cholesterol
and HDL-cholesterol. Carcasses of animals were eviscerated, heavy and kept at -
20°C until analysis of fat and protein content. The total lipids were extracted as
described by Stansbie et al. (1976) and quantified by gravimetric method.”® The
retroperitoneal white adipose tissue (RET), liver, EDL and soleus muscle were

isolated, weighed, immediately frozen in liquid nitrogen and stored at -80°C.

Serum determination of lipopolysaccharides

Serum concentration of LPS was performed using the Limulus Amebocyte Lysate
(LAL) assay, a quantitative chromogenic test for detecting endotoxin (LAL QCL-1000
assay, Lonza, USA). Serum samples were diluted 10 times with pyrogen-free water
and incubated into pyrogen-free tubes at 75°C for 5 minutes. Previously, all materials
used in the test were autoclaved to render them pyrogens-free and avoid interference
in the test. The standard curve used in the assay was generated by known

concentrations of LPS of the strain Escherichia coli O111:B4.

Biochemical and hormonal serum analysis

The serum glucose, triacylglycerol, total cholesterol and HDL-cholesterol
concentrations were measured with a commercial enzymatic colorimetric kit (Labtest,
Brazil). The insulin and adiponectin concentrations were quantified using specific
enzyme-linked immunosorbent assay (ELISA) kits (Linco Research, USA). For
determination of serum free fatty acids, the samples were diluted 20 times and was
used 96-well Serum/Plasma Fatty Acid Kit Non-Esterified Fatty Acids 500 Point
Detection Kit (Zenbio, USA). The methodologies followed the recommendations of

the manufacturer and are listed in the protocols accompanying the product.

Serum determination of TNF-a
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The concentration of TNF-a in the serum was analyzed using the MILLIPLEX
MAP 96-well Rat Cytokine/Chemokine Magnetic Bead Panel Kit (Millipore, Billerica,
MA, USA). All rocedures required for this analysis were performed by the Instituto
Genese de Analises Cientificas (IgAc, S&o Paulo, Brazil). The manufacturer’s
recommendations, which are listed in the protocol accompanying the product, were
followed for the analysis. The assay did not detect the concentrations of IL-6 and IL-
10 (interleukin-10) cytokines; thus, only the TNF-a serum concentration was

presented in the results.

Tissues cytokines content

Portions of the RET (0.3 g), liver (0.1 g), EDL and SOL (0.1 g) were
homogenized in 800 L of chilled extraction buffer (100 mM Trizma Base pH 7.5; 10
mM EDTA; 100 mM NaF; 10 mM NasP,07; 10 mM NazVOy4; 2 mM PMSF; 0.1 mg/ml
aprotinin). After homogenization, 80 [1 of 10% Triton X-100 was added to each
sample. These samples were held on ice for 30 minutes and then centrifuged (20817
g, 40 minutes, 4°C). The supernatant was saved, and protein concentrations were
determined using the Bradford assay (Bio-Rad, Hercules, California) with bovine
serum albumin as a reference. Quantitative assessment of TNF-a, IL-6 and IL-10
proteins was carried out using ELISA (DuoSet ELISA, R&D Systems, Minneapolis,
MN, USA) following the recommendations of the manufacturer. All samples were run

in duplicate, and the mean value is reported.

Genomic DNA extraction from fecal samples and real-time polymerase
chain reaction (PCR-RT)

Genomic DNA from fecal samples of colon was extracted with QiagenQIAmp
DNA Stool Minikit (Qiagen, Valencia, CA, USA) according to the manufacturer’s
recommendations. DNA concentrationwas quantified in the spectrophotometer
NanoDropND-1000 (NanoDrop Technologies Inc., Wilmington, EUA) and reading

was performed at wave lengths of 260, 280 and 230nm for obtaining the
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concentration of DNA/uUL. The purity was estimated by 260/280nm ratio which must
range between 1.8 and 2.0 for nucleic acids. All samples were maintained at -80°C.
Lactobacillus spp.was quantified by real-time polymerase chain reaction. Relative
levels of lactobacillus spp. DNA were quantified in real time, using Syber Green
primer in an ABI Prism7500 Sequence Detector (both from Applied Biosystems,
Foster City, CA, USA). Relative levels of the housekeeping gene all bacteria were
measured. The primers used were: lactobacillusspp.5’-
AGCAGTAGGGAATCTTCCA-3'(sense) and 5-CACCGCTACACATGGAG-3’
(antisense) and all bacteria 5-TCCTACGGGAGGCAGCAGT-3’ (sense) and 5-
GACTACCAGGGTATCTAATCCTGTT-3’ (antisense). Results were obtained using
Sequence Detector software (Applied Biosystems) and are expressed as a relative

increase, using the method of 2°"“! described by Livak and Schmittgen (2001).

Protein expression analysis by Western Blotting

After euthanasia, the RET, SOL, EDL and liver were removed and placed in
800uL of extraction buffer prepared on the day of experiment (100 mM Trizma base
pH 7.5, 20 mM EDTA, 100 mM sodium fluoride, 100 mM sodium pyrophosphate, 10
mM sodium orthovanadate, 2 mM PMSF-phenylmethylsulfonyl fluoride and 0.1 mg of
aprotinin per mL). The tissues, 200mg of soleus and 150mg of liver, were rapidly
homogenized using a polytron, and 800 pL of 1% Triton X-100 was then added. After
30 minutes, the homogenate was centrifuged at 14000 rpm for 40 minutes at 4°C.
The supernatant was maintained on ice, and the total protein content was determined
by the Bradford method using the Bio-Rad reagent (Bio-Rad Laboratories, Hercules,
CA, USA) with bovine serum albumin (BSA) as reference.

The samples were treated with Laemmli buffer (0.01% bromophenol blue, 100
mM sodium phosphate pH 7.0, 50% glycerol, 10% SDS) at a ratio of 4:1 containing
100 mM DTT (dithiothreitol). The proteins (507g) were boiled for 5 min before loading
onto 10% SDS-PAGE in a Bio-Rad miniature slab gel apparatus (Bio-Rad, Hercules,
CA, USA). Electrotransfer of proteins from the gel to the nitrocellulose membrane
was performed for 90 minutes/4 gels at 15 V (constant) in a Bio-Rad semi-dry

transfer apparatus (Bio-Rad, Hercules, CA, USA). Nonspecific protein binding to the
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nitrocellulose membrane was reduced by overnight pre-incubation at 22°C in
blocking buffer composed of basal solution (100 mM Trizma base pH 7.5, 500 mM
NaCl, Tween 20 0.02%) containing 1% BSA.

The nitrocellulose membranes were incubated overnight at 22°C with
antibodies against NFkB p50 in the phosphorylated form (p-NFkB p50), IL-6Ra, IL-
10Ra and ADIPOR1 (Santa Cruz Biotechnology, CA, USA) and NFkB p65 in the
phosphorylated form (p-NFkB p65), a- Tubulin and B-Tubulin (Cell Signaling
Technology, Inc., MA, USA). Antibodies were diluted in 1:1000 (Santa Cruz) or
1:5000 (Cell Signaling) with blocking buffer and then washed for 30 min in basal
solution. The blots were subsequently incubated with a peroxidase-conjugated
secondary antibody for 1 h at 22°C. To evaluate protein loading, membranes were
stripped and reblotted with an anti- anti-B-tubulin antibody as appropriate. Specific
bands were detected by chemiluminescence following ECL reagent addition
(Amersham/ GE), and the visualization/capture was performed by exposure to
Alliance 4.7 equipment (Uvitec, Cambridge, UK). Band intensities were determined

by optical densitometry (Scion Image- Release Beta 3b, NIH, USA).

Statistical analysis

All results are analysed by StatsDirect software and presented as mean *
standard error of the mean. Statistical significances of the differences between the
means of the two groups of samples were assessed using Student's t test.

Differences were considered to be statistically significant at P < 0.05.
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RESULTS

Maternal weight gain and dietary intake

The body weight gain during pregnancy was significantly lower in the
oligofructose group compared to control and remained with lower body weight by the
end of the lactation period (Figure 1A and 1B). The group that received diet
containing oligofructose (OF) during pregnancy and lactation had a lower food intake

compared with the control (C) group (Figure 1C and 1D).

Maternal relative tissue’s weight, carcass fat and protein content

The retroperitoneal adipose tissue in the OF was significantly lower than the C
(p<0.001) group. Weight of liver, EDL and soleus muscle also the carcass protein
content did not differ between groups. However, the carcass fat content in the OF

was significantly lower than the C group (Table 2).

Maternal serum analyses and lactobacillus spp. genomic DNA levels

Serum concentration of insulin, glucose, LPS, FFA, NPY and triacylglycerol
did not differ between the C and OF groups after 21 days of lactation. However, the
OF diet promoted a significant decrease of adiponectin serum concentration and
increased ghrelin, HDL and total cholesterol without change the ratio of total
cholesterol/HDL (Table 3).

Lactobacillus spp. genomic DNA levels on fecal colon content did not differ

between C and OF groups (Table 3).

Maternal tissue’s cytokine content

The IL-6 content in the RET was higher in the OF group than in the C (p =
0.0018) (Figure 2A). The IL-10 and TNF-a content did not differ among the groups in
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all studied tissues (figure 2 B e C). The IL-10/TNF-a ratio of the soleus was lower in
the OF than in C and in the RET this ratio was higher in OF when compared to
control group (Figure 2D).

Offspring’s weight gain and dietary intake

Pup’s body weight in OF-C group was lower than C-C (Figure 3A), from 21 to
56 days of life and nose-to-anus length from 21 to 70 days of life (Figure 3C), but
there was no statistical difference between these two groups at 90 days of life. The
Lee index was higher in OF-C group at 21 d/old pups, but there was no statistical
difference between these two groups from 28 to 90 days of life (Figure 3D). Dietary
intake was lower in the OF-C group only at 35 days of life offspring, but the same
was not observed in the 42 to 90 days of age (Figure 3B).

The metabolic efficiency was higher in OF-C group compared to the C-C in
offspring at 28, 35, 46, 70 and even 90 days old (Figure 3E), since the amount of

food intake was lower in relation to body weight gain.

Offspring’s relative tissue weight, carcass fat and protein content

The content of fat and carcass protein was similar in 90 days old puppies, as
well as the relative weight of the liver, epididymal and retroperitoneal adipose tissue,

muscle tissue EDL and soleus (Table 4).

Offspring’s serum analyses and /lactobacillus spp. genomic DNA levels

Serum concentration of LPS, leptin, insulin, glucose, FFA, triacyglycerol, Total
Cholesterol, HDL-Cholesterol and Cholesterol total/HDL Ratio did not differ between
the C-C and OF-C groups. However, the OF maternal diet promoted a significant
decrease of TNF-a, NPY and a increased ghrelin in the 90 days/old puppies.
Lactobacillus spp. genomic DNA levels on fecal colon content did not differ between
C and OF-C groups (Table 5).
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Offspring’s tissue cytokine content

The IL-6 content in the soleus muscle was higher and a tendency to increase
of IL-10 content (p = 0.055) in the OF-C group than in the C-C (Figure 4A), but the
content of TNF-a content and IL-10/TNF-a ratio was similar to that tissue. In RET,
liver and EDL, the IL-6, IL-10, TNF-a content and IL-10/TNF-a ratio did not differ
among the groups (Figure 4A, B, C and D).

Offspring’s tissue protein expression

The protein expression of IL-6Ra was increased and Adipo-R1 decreased in
soleus muscle of OF-C when compared with C-C (Figure 5 B and C). A tendency to
lower protein expression of IL-10Ra (Figure 5A) was also observed in OF-C group in
that tissue (p=0.065). No changes were observed in protein expression of p-NFkB-
p50, p-NFkB-p65 and p-IKBa (Figure 5 D, E and F).

In the liver, no changes were observed in protein expression of IL-10Ra
(Figure 6A), Adipo-R2 (Figure 6B), p-NFkB-p50 (Figure 6C) p-NFkB-p65 (Figure 6D)
and p-IKBa (Figure 6E).
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DISCUSSION

In the present study, supplementation with 10% oligofructose during
pregnancy and lactation promoted a pro-inflammatory effect in dams (Figure 2) and
decreased the dietary intake and body weight gain (Figure 1) during pregnancy and
lactation.

Dietary fiber supplementation is thought to attenuate food intake through
several mechanisms; however, the most widely reported mechanism with
oligofructose is modification of satiety hormone response.*® The intestinal mucosa,
primarily in the distal ileum, caecum and colon, contains endocrine L-cells that
secrete peptides in response to nutrient stimulus. Of particular interest, with respect
to weight loss, are the two L-cell-derived anorexigenic peptides, glucagon-like
peptide-1 (GLP-1) and peptide YY (PYY) .27

Human trials specifically evaluating oligofructose supplementation for weight
loss. Parnell & Reimer (2009) released a randomized, double-blind, placebo
controlled trial with forty-eight otherwise healthy adults with a body mass index (in
kg/m2) > 25 receiving 21 g oligofructose per day for 12 weeks. Independently of any
other lifestyle changes, oligofructose supplementation reduced body weight and
chiefly body fat. These results were associated with an amplified suppression of
postprandial ghrelin and stimulation of PYY and an observed significant lowering of
food intake. Ghrelin is also thought to play a role in increasing adiposity. Given that

administration of ghrelin reduces fat utilization'*®

, it is plausible that lower circulating
concentrations may alleviate the downward pressure on fat oxidation seen in obesity
and in turn enhance lipolysis.®® Ghrelin, which is acylated via the activation of ghrelin
O-acyltransferase (GOAT)®'%2) has also been shown to decrease in response to
prebiotic supplementation in rats®*** and human subjects®), therefore,
supplementation with these fibers lowers the energy content of the diet.

On the other hand, Desbuards et al. (2011), showed that prebiotic (4%)
supplementation did not affect neither body weight gain nor food intake during
pregnancy. Parnell & Reimer (2010) showed that a high fiber diet (10% and 20% of

inulin and oligofructose) during 10 weeks not influences the body weight and the fat
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mass in 8-weeks-old rats. Similarly, Rodenburget al. (2008) reported no difference in
body weight gain of eight-week-old rats fed a diet containing 6% of FOS for 16 days.

Recently, Paul et al. (2016) in his study with Sprague-Dawley rats induced to
obesity by diet rich in sucrose and fat, evaluated the effect of maternal
supplementation of oligofructose 10%. The prebiotic intake improved maternal
metabolism, increased intentinal hormones related to the reduction of food intake,
PYY and GLP-1 and GLP-2 in mothers and twenty one days old offspring. In
summary, the authors concluded that supplementation of oligofructose 10% during
pregnancy and lactation improves maternal metabolism in obese rats induced by
diet, so that attenuates the metabolic programming associated with maternal
obesity.?®

In the present study OF diet promotes an increase of serum ghrelin after ten
hours of fasting in the dams after twenty one days of lactation and ninety days old
offspring (Table 3 and 5). The increases of ghrelin may be associated with reward
mechanisms generated by the low weight gain, reduction of adipose tissue and the
retroperitoneal adipose tissue in the OF group.

Previously we had shown that supplementation of the dam’s diet with 10%
oligofructose during pregnancy and lactation reduced the offspring’s body weight,
body weight gain, length and lipid carcass content.'® In the present study, we had
shown that the offspring of mothers fed 10% oligofructose diet had lower body weight
and length compared to the control group (Figure 3A and C) up to 56 and 70 days old
respectively. This changes in body weight and length was not observed in the ninety
days old offspring (Figure 3). This could be explained by the increased metabolic
efficiency presented by the offspring until 90 days of life, because, despite the
increase in serum ghrelin levels and decreased NPY observed in this group, there
was no changes in food intake when compare to control group (Figure 3E).

The SCFA promotes alterations in intestinal permeability, thereby reducing

(6,13

translocation of LPS into the blood circulation.®™ The oligofructose (OF) appear to

induce the production of SCFA, acetate, propionate and butyrate, which have anti-

(415 The administration of 10 g/d oligofructose-enriched

inflammatory properties.
inulin for 8 weeks decreased the serum concentrations of LPS, IL-6 and TNF-a in
patients with type 2 diabetes.®® Moreover, Cani et al. (2007) showed that mice fed a
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high-fat diet combined with OF during 14 weeks presented a decrease in
endotoxemia and IL-6 plasma levels.

On the other hand, we previously shown a increased levels of TNF-a and IL-
10 in the RET and decreased the serum levels of adiponectin of the 21 days old pups
of mothers who received oligofructose supplementation (10%)."® In addition, we also
observed in this group an increase in RNA for IL-R6 in the liver and RET, as well as a
reduction of mMRNA for Adipo-R2 liver, Adipo-R1 soleus muscle tissues and EDL.

In the present study the OF diet promoted in dams a decrease of adiponectin
serum concentration (Table 3) and an increased IL-6 content in the RET when
compared to control group (Figure 2 A). Furthermore, the IL-10/TNF-a ratio of the
RET was greater in the OF that of the C and in the soleus muscle this ratio was
decreased when compared to control group (Figure 2D). These results indicate that
supplementation of the dam’s diet with a high oligofructose content (10%) induced a
pro-inflammatory state in the dams.

Wang & Trayhurn (2006) reported an increased TNF-a concentrations
associated with a decrease in the expression and secretion of adiponectin.
Adiponectin has anti-inflammatory and anti-atherogenic effects, increases insulin
sensitivity and anti-inflammatory properties because it inhibits the expression of

(4142 A recent study

vascular adhesion molecules and pro-inflammatory cytokines.
showed in 3T3-L1 adipocytes treated with adiponectin in the presence of LPS a
decrease in IL-6 levels and both NFkB p50 and NFkB p65 nuclear activity.*® In the
present study the OF diet did not alters the serum concentration of insulin and
glucose, despite the decrease of adiponectin serum concentration, but promotes a
pro-inflammatory effect.

In ninety days old puppies, maternal diet containing 10% of oligofructose
promoted increased IL-6 content in the soleus muscle tissue, increased protein
expression of IL-6Ra and reduction of protein expression Adipo-R1, and a tendency
to reduction of IL-10Ra expression in the same tissue (Figure 6). Nevertheless, the
serum level of TNF-a was lower in this group when compared with to control (Table
5). Recently, Koren et al. (2012) observed in the third trimester of pregnancy a
dramatic remodeling of the mathernal gut microbiota. An enrichment of

Proteobacteria and Actinobacteria is observed and an abundance of health-related
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bacteria are impacted. The author showed that Faecalibacterium, which is a butyrate
producer with anti-inflammatory effects, is decreased in third trimester of
pregnancy.*? Furthermore, the authors observed that, in the majority of women in
third pregnancy trimester, an increase in the abundance of Proteobacteria, which has

been observed inflammation-associated dysbioses.“®

In the present study, no
differences in the genomic DNA of Lactobacillus spp. was observed in colon of
mothers, but the inflammatory condition observed by Koren et al. during pregnancy
may explain the present results that oligofructose (10%) supplementation during
pregnancy and lactation period exerts different effects from those observed by other
researchers with humans and animals in other stages of life.('41%3% 44)

Hachul et al. (2013) related the supplementation of diet with 10% OF during
pregnancy and lactation with diarrhea in dams. This effect should have contributed to
development of pro-inflammatory environment observed in the offspring and an
alteration of bacterial population, through an increase in bacterial translocation and
intestinal permeability could cause an increase in serum LPS, resulting in TLR4-
mediated inflammatory responses.®® Nevertheless, serum concentration of LPS in
the dams did not differ between the C and OF groups after 21 days of lactation
(Table 2), nor in offspring at 90 days old (Table 5). The pro-inflammatory effects in
the offspring occurred independent of the elevation in the dams or pup’s serum
endotoxin levels, with increased pro-inflammatory cytokine production and decreased

the adiponectin levels.
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CONCLUSION

In conclusion, supplementation with 10% oligofructose during pregnancy and
lactation promoted a pro-inflammatory effect in dams and offspring associated with a
decrease in mother’s serum adiponectin, an increased IL-6 content, IL-6R protein
expression and reduced Adipo-R1 protein expression in soleus muscle of 90 days old
offspring. Further studies should investigate the dose-response effect of oligofructose
supplementation during pregnancy and lactation on the development, metabolism,

endotoxemia and inflammatory mechanisms in dams and pups.
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TABLES AND FIGURES

Table 1. Composition of the control diet and control diet supplemented with oligofructose
according to AIN-93.

Diet (g/100g)
Ingredient C OF
Casein* 20.0 20.0
L-cystinet 0.3 0.3
Cornstarcht 62.0 52.0
Soybean oilt 8.0 8.0
Butylhydroquinonet 0.0014 0.0014
Mineral mixture§ 3.5 3.5
Vitamin mixture# 1.0 1.0
Celluloset 5.0 5.0
Choline bitartratet 0.25 0.25
Oligofructose£ - 10.0

*Casein was obtained from Labsynth, Sdo Paulo, Brazil.

TL-cystine, cornstarch, butylhydroquinone, cellulose and choline bitartrate were obtained from
Viafarma, Sao Paulo, Brazil.

10Oil was supplied from soybean (Lisa/Ind. Brazil).

§Mineral mix 9mg/kg diet): calcium, 5000; phosphorus, 1561; potassium, 3600;sodium, 1019; chloride,
1571; sulfur, 300; magnesium, 507; iron, 35; copper,6.0; manganese, 10.0; zinc, 30.0; chromium, 1.0;
iodine 0.2; selenium, 0.15;fluoride, 1.00; boron, 0.50; molybdenum, 0.15; silicon, 5.0; nickel, 0.5;
lithium,0.1; vanadium, 0.1 (AIN-93G, mineral mix, Rhoster, Brazil).

#Vitamin mix (mg/kg diet): thiamin HCL, 6.0, riboflavin, 6.0; pyridoxine HCL 7.0;niacin, 30.0; calcium
pantothenate, 16.0; folic acid, 2.0; biotin, 0.2; vitamin B12,25.0; vitamin A palmitate 4000 IU; vitamin E
acetate, 75; vitamin D3, 1000 1U; vitamin KI, 0.75. (AIN-93G, vitamin mix, Rhoster, Brazil).
£0ligofructose (P95) was manufactured by Orafti (Pemuco, Chile) and was obtained by Viafarma, Sao
Paulo, Brazil.
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Table 2. Body composition and tissues weight of the dams

Control Oligofructose

Cascass protein (g/100g) 16.77 £ 0.89 15.16 £ 0.77
Carcass fat (g/100g) 9.15+0.32 6.12 + 0.94*

Retroperitoneal relative weight (g/100g) 0.83 £ 0.06 042+0.10*
EDL muscle relative weight (g/100g) 0.21+0.17 0.18 £0.13
Soleus muscle relative weight (g/100g) 0.07 £ 0.01 0.07 £ 0.01
Liver relative weight (g/100g) 3.51+0.40 3.38+£0.37
Parametrial relative weight (g/100g) 1.24 + 0.09 1.10 £ 0.09

Data shown as mean+SE. * p<0.0001, versus C. (Carcass content n=7; Tissues weight n=10)
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Table 3. Serum LPS, adiponectin, insulin, glucose, FFA, triacylglycerols, total cholesterol, HDL
cholesterol, cholesterol/HDL ratio in the dams and Lactobacillus spp. genomic DNA levels on
fecal content in colon of the pups at 90 days of life

Control Oligofructose
LPS ([EU}/mL) 13.06 + 1.96 9.78 £ 2.60
NPY (ng/mL) 1.60+ 0.11 1.53 £ 0.09
Ghrelin (ng/mL) 270+0.34 6.12 + 1.08*
Adiponectin (pg/mL) 48.44 + 10.26 29.24 +3,47 *
Insulin (ug/mL) 0.62 + 0.05 0.51 £ 0.04
Glucose (mg/dL) 93,55 + 3,56 97,26 + 0,98
FFA (uM) 2509 + 240.6 2082 + 229.0
Triacylglycerol (mg/dL) 98.10 £ 2.54 95.02 £ 4.09
Total Cholesterol 84.85 + 3.50 107.08 £ 5,70*
HDL-Cholesterol (mg/dL) 43.47 + 3.81 56.04 +3.81*
Cholesterol total/HDL Ratio 2.01+0.10 1.98 £ 0.11
Lactobacillus spp. genomic DNA level 100 £ 21.77 168.33 £ 72.66

Serum results are showed as mean+SE (n=10). Results of Lactobacillus spp. are expressed in
arbitrary units, stipulating 100 as the control value (n=5). * p<0.05, versus C.
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Table 4. Body composition and tissues weight of the pups at 90 days of life

c-Cc OF-C
Cascass protein (g/100g) 14.23 £ 0.51 15.06 £ 0.27
Carcass fat (g/100g) 9.75+1.22 10.19+1.17
Retroperitoneal relative weight (g/100g) 216 +0.14 2.29+0.10
Liver relative weight (g/100g) 3.11+0.12 297 £0.05
EDL muscle relative weight (g/100g) 0.08 £ 0.00 0.07 £ 0.00
Soleus muscle relative weight (g/100g) 0.09 £ 0.01 0.08 £ 0.00
Epididymal relative weight (g/100g) 2.04+0.28 1.80 £ 0.15

Data shown as meanzSE. * p<0.05, versus C (Carcass content n=7; Tissues weight n=10)
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Table 5. Serum LPS, adiponectin, insulin, glucose, FFA, triacylglycerols, total cholesterol, HDL
cholesterol, cholesterol/HDL ratio in the C-C and OF-C group and Lactobacillus spp. genomic

DNA levels on fecal content in colon

c-C OF-C
LPS ([EU}/mL) 499+ 1.10 466+ 1.63
TNF-alfa 11.06 + 1.02 5.67 £ 1.81*
NPY (ng/mL) 1.63 £ 0.06 1.41 +£0.07**
Ghrelin (ng/mL) 0.70 £ 0.09 1.53+0.21*
Leptin (pg/mL) 9.38 £ 2.08 12.00 £ 2.65
Insulin (pg/mL) 1.29+0.18 1.04 £0.13
Glucose (mg/dL) 94,23 + 3,31 95,37 + 1,17
FFA (uM) 2435.14 232.56 2435.66 £ 194.0
Triacylglycerol (mg/dL) 111,21 £ 2,10 110,02 £ 1,98
Total Cholesterol 144.1 £ 14.24 148.20 *+10.05
HDL-Cholesterol (mg/dL) 4796 +1.7 46.38 £ 1.22
Cholesterol total/HDL Ratio 3.07+0.22 3.10+£0.24
Lactobacillus spp. genomic DNA level 100 £43.43 199.98 £ 42.71

Data shown as meanzSE. * p<0.05 ** p=0.05, versus C. (n=10)
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Figure 1. Body weight and dietary intake during pregnancy (A, C) and lactation period (B, D).
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Article 2

Title:

Effect of dietary intake of trans fatty acids during pregnancy and lactation on
dams and offspring at 90 days-old, supplemented with oligofructose (10%), on
metabolism and inflammatory parameters.
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Abstract

Background. Previously, we showed that the intake of trans fatty acids (TFA) during
pregnancy and lactation promotes a pro-inflammatory state in the offspring at twenty-
one and ninety days old. Moreover, literature data indicates that the prebiotic intake
may alter the intestinal environment and presenting antiinflammatory properties. The
present study aims to evaluate the effect of a diet rich in TFA (7%) during pregnancy
and lactation on metabolic parameters and inflammatory lactating rats and ninety
days old offspring, concerning endotoxemia, metabolic and inflammatory parameters.
In addition, to assess whether the diet supplemented with OF (10%) modify these
parameters in ninety days old offspring of mothers who received diet containing TFA
during pregnancy and lactation. Methods. On the first day of pregnancy, the rats
were divided into two groups: control diet (C) and diet enriched with hydrogenated fat
rich in TFA (T). The diets were maintained during pregnancy and lactation. In the
twenty-first day of lactation animals were weaned and mothers euthanized. Part of
the puppies were euthanized immediately and the others were kept in individual
cages within ninety days of life, receiving a control diet or oligofructose (10%)
supplemented diet. The blood, bowel, retroperitoneal adipose tissue (RET),
parametrial fat mothers and epididymal of puppies, liver, soleus muscle tissues and
EDL were collected. The serum was used for measuring lipopolysaccharide (LPS),
free fatty acids (FFA), TNF-a, hormones, insulin, Ghrelin and adiponectin as well as
cytokines by specific kits. The liver, and soleus and EDL RET muscle tissue were
used for determination of cytokine content by specific kits. The liver and soleus
muscle tissue were placed in a specific buffer to perform Western blotting. Genomic
DNA Bacteria present in the colon feces was determined by real time PCR. Results.
Maternal intake of TFA promoted increased Lee index and the protein expression of
p-p65-NFkB in offspring with 90 days of life. Supplementation of offspring with
oligofructose (10%) promoted reduction of Lee index and IL-6 and TNF-a content,
accompanied by an increased protein expression of ADIPO-R2 in the liver and
Lactobacillus spp. Genomic DNA in colon. Conclusion. Dietary intake of an
oligofructose (10%) supplemented diet by offspring, reversed the obesogenic and

pro-inflammatory effect exerted by maternal consumption of trans fatty acids during
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pregnancy and lactation, thus reducing Lee index and IL-6 content and TNF-q,
accompanied by an increased protein expression of ADIPO-R2 in the liver and
Lactobacillus spp. Genomic DNA in colon. Together, these results indicate that
supplementation with oligofructose (10%) can be an important tool for dietary

prevention and control of metabolic disorders such as obesity.

70



INTRODUCTION

“Metabolic Programming” concept refers to the possible influence of maternal
nutrition which can occur both in the fetus and in the newborn lasting for life, by
adaptive responses of the fetus to specific environmental conditions, which may alter
gene expression and permanently affect the structure and function of several organs

(.2 Poor maternal nutrition during

and tissues, thereby inducing phenotypic changes.
this period can print permanent changes in the structure and key function of organs,
predisposing the individual to metabolic disorders in adulthood, among them the
development of obesity the.®#

In recent decades, several authors reported a positive correlation between the
development of metabolic diseases and the production of proinflammatory

S.(S-S

cytokine ) TFA intake can promote increased LDL-cholesterol oxidative stress and

the production of inflammatory markers (IL-6, TNF-a and C-reactive protein), as well

¥ Previously, our group found that maternal

as a decrease in HDL-cholesterol.!
intake of hydrogenated vegetable fat, rich in trans and saturated fatty acids (TFAs),
during pregnancy and lactation, promoted in offspring with 21 days of life an
increasing of fat of the carcass; in serum triacylglycerol and cholesterol; gene
expression of PAI-1 and TNF-a and protein expression of TRAF-6 in adipose tissue.
The TFA treatment also led to a reduction in serum leptin and adiponectin; in
adiponectin mRNA and protein expression ADIPO-R1 in adipose tissue.">"® In the
same experimental procedures, Pisani et al. (2008) detected in the offspring with 90
days of life elevation at gene expression of PAI-1 in adipose tissue and Pimentel el
al. (2012) in serum endotoxin, IL-6, TNF-a and IL1-B; the TLR4 protein expression,
MyD88 and NFkBp65 in the hypothalamus and also a reduction of ADIPO-R1
(adiponectin receptor 1). These results showed that the maternal intake of
hydrogenated vegetable fat during pregnancy and lactation cause a pro-inflammatory
state that promotes deleterious metabolic effects similar to those observed in obesity.

Modifications in the proportion of intestinal bacteria with increased content of
probiotic bacteria such as Bifidobacterium spp. and Lactobacillus spp, are related to
improvement in glucose tolerance and inflammatory state."'®'”) Many authors have

found that supplementation of prebiotic fiber inulin-type, particularly oligofructose
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promotes changes in intestinal bacterial composition plays an important role in

(18-23) and therefore can

controlling food intake, glucose metabolism and inflammation
become a strategy for promoting protective effect against the development of obesity
and other metabolic diseases.

LPS, also known as endotoxins, are found in the external cellular membranes
of gram-negative intestinal bacteria, and when found increased intestinal permeability
situations can be absorbed and may interact with cell TLR4 receptors, inducing the
secretion of pro-inflammatory cytokines such as IL-6 and TNF-q.1%21:24)

In contrast, oligofructose (OF), fructooligosaccharides (FOS) and inulin,
prebiotic fibers members of the inulin-type fructans group, are fermented by the
colonic bacteria and can alter the intestinal environment.””) Prebiotic fibers, such as
OF, appear to induce the production of short chain fatty acids (acetate, propionate
and butyrate), which have anti-inflammatory properties, alters intestinal permeability,

212529 On the other hand, we

thereby reducing LPS translocation to blood circulation.!
previously showed that the maternal consumption of a control diet supplemented with
OF (10%) during pregnancy and lactation is deleterious to offspring development,
increases endotoxemia and promotes a pro-inflammatory effect in 21-d-old
pups.(30’31)

The aim of this study was to evaluate the effects of maternal intake of
hydrogenated vegetable fat (7%), rich in TFA, during pregnancy and lactation, on
metabolism and inflammatory parameters in lactating rats and ninety days offspring.
In addition, evaluate if a control diet supplemented with OF (10%) modify these
parameters in the offspring, ninety days of life of mothers who received diet

containing TFA during pregnancy and lactation.
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MATERIAL AND METHODS

Animals and treatments

The experimental research committee of the Universidade Federal de Sao Paulo
approved all procedures for the care of the animals used in this study and followed
international recognized guidelines (CEUA protocol n°737014). The rats were kept
under controlled conditions of light (12-h light/12-h dark cycle with lights on at 07:00)
and temperature (24 £ 1°C), with ad libitum water and food. Three-month-old female
Wistar rats (4 animals in each group) were left overnight to mate, and copulation was

verified the following morning by the presence of sperm in vaginal smears.

On the first day of pregnancy, the dams were isolated in individual cages and
sequentially divided into two groups, each receiving: a control diet (C diet, Cgroup)
and a diet enriched with hydrogenated vegetable fat (T diet, T group). On the day of
delivery, considered day O of lactation, litters were adjusted to eight pups each. The
diets were maintained throughout pregnancy and 21 days of lactation. After 21 days
of lactation offspring were divided into three groups, C-C offspring of mothers fed a
control diet that remained receiving control diet, T-C offspring of mothers fed with T
diet and started receiving control diet, T-OF offspring of mothers who received T diet
and started receiving diet supplemented with oligofructose (10%). The groups were
kept until the offspring reach 90 days of age. The three diets were prepared
according to the recommendations of the American Institute of Nutrition (AIN-
93G)®23% and were similar in calories and lipid content. The source of lipids for the C
and OF diets was soybean oil, and the principal source for the T diet was partially
hydrogenated vegetable fat, which is rich in TFAs. The OF diet was prepared by
adding 100 g/kg diet of oligofructose (Orafti P95,Pemuco, Chile). According to
manufacturer, the OF used in this study is a mixture of oligosaccharides extracted
from chicory root. These oligosaccharides are composed of fructose units connected
by 3 (2-1) links. Some of these molecules are terminated by a glucose unit. The
degree of polymerization (DP) of oligofructosein on this supplement ranges between

2 and 8. The centesimal composition of the diets is presented in Table 1.
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Experimental procedures

The dams after 21 days of lactation period and pups at 9o days of life were
euthanized by decapitation. The animals were fasted fed for 10 hours. Trunk blood
was collected and immediately centrifuged at 2500rpm for 15 minutes. The serum
was separated and stored at —-80°C for later determination of lipopolysaccharides
(LPS), free fatty acids (FFA), ghrelin, adiponectin, leptin, insulin, glucose,
triacylglycerol, total cholesterol and HDL-cholesterol. Carcasses of animals were
eviscerated, heavy and kept at -20°C until analysis of fat and protein content. The
total lipids were extracted as described by Stansbie et al. (1976) and quantified by
gravimetric method."® The retroperitoneal white adipose tissue (RET), liver, EDL and
soleus muscle were isolated, weighed, immediately frozen in liquid nitrogen and
stored at —-80°C.

Serum determination of lipopolysaccharides

Serum concentration of LPS was performed using the Limulus Amebocyte Lysate
(LAL) assay, a quantitative chromogenic test for detecting endotoxin (LAL QCL-1000
assay, Lonza, USA). Serum samples were diluted 10 times with pyrogen-free water
and incubated into pyrogen-free tubes at 75°C for 5 minutes. Previously, all materials
used in the test were autoclaved to render them pyrogens-free and avoid interference
in the test. The standard curve used in the assay was generated by known

concentrations of LPS of the strain Escherichia coli O111:B4.

Biochemical and hormonal serum analysis

The serum glucose, triacylglycerol, total cholesterol and HDL-cholesterol
concentrations were measured with a commercial enzymatic colorimetric kit (Labtest,
Brazil). The insulin and adiponectin concentrations were quantified using specific
enzyme-linked immunosorbent assay (ELISA) kits (Linco Research, USA). For
determination of serum free fatty acids, the samples were diluted 20 times and was

used 96-well Serum/Plasma Fatty Acid Kit Non-Esterified Fatty Acids 500 Point
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Detection Kit (Zenbio, USA). The methodologies followed the recommendations of

the manufacturer and are listed in the protocols accompanying the product.

Serum determination of TNF-a

The concentration of TNF-a in the serum was analyzed using the MILLIPLEX
MAP 96-well Rat Cytokine/Chemokine Magnetic Bead Panel Kit (Millipore, Billerica,
MA, USA). All procedures required for this analysis were performed by the Instituto
Genese de Analises Cientificas (IgAc, Sao Paulo, Brazil). The manufacturer’s
recommendations, which are listed in the protocol accompanying the product, were
followed for the analysis. The assay did not detect the concentrations of IL-6 and IL-
10 (interleukin-10) cytokines; thus, only the TNF-a serum concentration was

presented in the results.

Tissues cytokines content

Portions of the RET (0.3 g), liver (0.1 g), EDL and SOL (0.1 g) were
homogenized in 800 'L of chilled extraction buffer (100 mM Trizma Base pH 7.5; 10
mM EDTA; 100 mM NaF; 10 mM Na4sP,07; 10 mM NazVO4, 2 mM PMSF; 0.1 mg/ml
aprotinin). After homogenization, 80 1 of 10% Triton X-100 was added to each
sample. These samples were held on ice for 30 minutes and then centrifuged (20817
g, 40 minutes, 4°C). The supernatant was saved, and protein concentrations were
determined using the Bradford assay (Bio-Rad, Hercules, California) with bovine
serum albumin as a reference. Quantitative assessment of TNF-a, IL-6 and IL-10
proteins was carried out using ELISA (DuoSet ELISA, R&D Systems, Minneapolis,
MN, USA) following the recommendations of the manufacturer. All samples were run

in duplicate, and the mean value is reported.

Genomic DNA extraction from fecal samples and real-time polymerase
chain reaction (PCR-RT)
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Genomic DNA from fecal samples of colon was extracted with QiagenQIAmp
DNA Stool Minikit(Qiagen, Valencia, CA, USA) according to the manufacturer’s
recommendations. DNA concentration was quantified in the spectrophotometer
NanoDropND-1000 (NanoDrop Technologies Inc., Wilmington, EUA) and reading
was performed at wave lengths of 260, 280 and 230nm for obtaining the
concentration of DNA/uUL. The purity was estimated by 260/280nm ratio which must
range between 1.8 and 2.0 for nucleic acids. All samples were maintained at -80°C.

Lactobacillus spp.was quantified by real-time polymerase chain reaction. Relative
levels of lactobacillus spp. DNA was quantified in real time, using Syber Green
primer in an ABI Prism7500 Sequence Detector (both from Applied Biosystems,
Foster City, CA, USA). Relative levels of the housekeeping gene all bacteria were
measured. The primers used were: lactobacillusspp.5’-
AGCAGTAGGGAATCTTCCA-3'(sense)and 5-CACCGCTACACATGGAG-3’
(antisense) and all bacteria 5-TCCTACGGGAGGCAGCAGT-3’ (sense) and 5’-
GACTACCAGGGTATCTAATCCTGTT-3’ (antisense). Results were obtained using
Sequence Detector software (Applied Biosystems) and are expressed as a relative
increase, using the method of 2°"“! described by Livak&Schmittgen (2001).

Protein analysis by Western Blotting

After euthanasia, the soleus muscle (SOL) and liver were removed and placed
in 800uL of extraction buffer prepared on the day of experiment (100 mM Trizma
base pH 7.5, 20 mM EDTA, 100 mM sodium fluoride, 100 mM sodium
pyrophosphate, 10 mM sodium orthovanadate, 2 mM PMSF-phenylmethylsulfonyl
fluoride and 0.1 mg of aprotinin per mL). The tissues were rapidly homogenized
using a polytron, and 800 pL of 1% Triton X-100 was then added. After 30 minutes,
the homogenate was centrifuged at 14000 rpm for 40 minutes at 4°C. The
supernatant was maintained on ice, and the total protein content was determined by
the Bradford method using the Bio-Rad reagent (Bio-Rad Laboratories, Hercules,
CA, USA) with bovine serum albumin (BSA) as reference.

The samples were treated with Laemmli buffer (0.01% bromophenol blue, 100

mM sodium phosphate pH 7.0, 50% glycerol, 10% SDS) at a ratio of 4:1 containing
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100 mM DTT (dithiothreitol). The proteins (507 g) were boiled for 5 min before loading
onto 10% SDS-PAGE in a Bio-Rad miniature slab gel apparatus (Bio-Rad, Hercules,
CA, USA). Electrotransfer of proteins from the gel to the nitrocellulose membrane
was performed for ~90 minutes/4 gels at 15 V (constant) in a Bio-Rad semi-dry
transfer apparatus (Bio-Rad, Hercules, CA, USA). Nonspecific protein binding to the
nitrocellulose membrane was reduced by overnight pre-incubation at 22°C in
blocking buffer composed of basal solution (100 mM Trizma base pH 7.5, 500 mM
NaCl, Tween 20 0.02%) containing 1% BSA.

The nitrocellulose membranes were incubated overnight at 22°C with
antibodies against NFKB p50 in the phosphorylated form (p-NFkB p50), IL-6Ra, IL-
10Ra and ADIPOR1 (Santa Cruz Biotechnology, CA, USA) and NFkB p65 in the
phosphorylated form (p-NFkB p65), a- Tubulin and B-Tubulin (Cell Signaling
Technology, Inc., MA, USA). Antibodies were diluted in 1:1000 (Santa Cruz) or
1:5000 (Cell Signaling) with blocking buffer and then washed for 30 min in basal
solution. The blots were subsequently incubated with a peroxidase-conjugated
secondary antibody for 1 h at 22°C. To evaluate protein loading, membranes were
stripped and reblotted with an anti- anti-B-tubulin antibody as appropriate. Specific
bands were detected by chemiluminescence following ECL reagent addition
(Amersham/ GE), and the visualization/capture was performed by exposure to
Alliance 4.7 equipment (Uvitec, Cambridge, UK). Band intensities were determined

by optical densitometry (Scion Image- Release Beta 3b, NIH, USA).

77



Statistical analysis

Statistical significances of the differences between the means of the two
groups of dams samples were assessed using Student’s t test, and the statistical
significance of the differences among the means of the three pups groups was
assessed using a one-way analysis of variance (ANOVA) followed by a Turquey post
hoc test. All statistical tests were performed using the Stats Direct. Differences were

considered to be statistically significant at P < 0.05.
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RESULTS

Maternal weight gain and dietary intake

The body weight gain during pregnancy was similar between T and C groups
during pregnancy and lactation period (Figure 1A and 1B). Although, the group that
received trans diet (T) during pregnancy and lactation had a higher food intake, at

first pregnancy week, compared with the control (C) group (Figure 1C).

Maternal relative tissue’s weight, carcass fat and protein content

Weight of tissues, protein and fat carcass did not differ between T and C groups
of dams (Table 2).

Maternal serum analyses and Lactobacillus spp. genomic DNA levels

Serum concentration of LPS was lower in T group of mother, but insulin,
glucose, FFA, NPY, ghrelin, adiponectin, total and HDL cholesterol and triacyglicerol
did not differ between the C and T groups after 21 days of lactation (Table 3).

Lactobacillus spp. genomic DNA levels on fecal colon content did not differ

between T and C groups (Table 3).

Maternal tissue’s cytokine content

The IL-6 content in RET and TNF-a in soleus muscle was higher in T group
than in the C (Figure 2A and C), but IL-10 content and IL-10/TNF-a ratio did not differ

among the groups in all studied tissues (Figure 2 B and D).

Offspring’s weight gain and dietary intake
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Pup’s body weight at 21 days old was similar between C-C, T-C and T-OF
groups. At 28 to 56 days old the body weight of T-OF group was lower than C-C, but
similar to T-C. From 70 days old T-OF group showed lower body weight when
compared to both groups, C-C and T-C (Figure 3).

Nose- to anus length was lower in T-C and T-OF group than C-C at 21 days
old. At 28 to 63 days old the length of T-OF, but not T-C group, remains lower than
C-C. From 70 days old to 84 the T-C and T-OF returned to lowers length compared
to C-C, but at 90 days old only T-C group remains lowers than C-C (Figure 3).

Lee index was higher in T-C and T-OF groups at 21 days old, compared to C-
C. From 63 to 90 days old T-C showed a higher Lee index when compared to both
groups and T-OF was similar than C-C (Figure 3).

Offspring’s relative tissue weight, carcass fat and protein content

The content of fat carcass, weight of RET and epididymal adipose tissues was
lower in T-OF group when compared to C-C and T-C, but no differences was found in
carcass protein content. Weight of liver, soleus and EDL muscle did not differ
between groups (Table 4).

Offspring’s serum analyses and /lactobacillus spp. genomic DNA levels

TNF-a serum concentration was lower in T-C and T-OF groups when
compared to C-C. The ghrelin serum concentration was higher in T-OF than C-C-
and T-C groups. The leptin serum concentration was similar between C-C and T-C
groups, but when compared T-C and T-OF group, the last one showed lower
concentration of this hormone. T-C and T-OF treatments did not promote
modifications in insulin, glucose, triacylglycerol, total and HDL cholesterol, but T-OF
promoted a decrease in free fatty acid serum concentration in 90 days/old puppies
(Table 5).

T-OF group showed a significant increase in Lactobacillus spp. content in
colon when compared to C-C and T-C groups (Table 5). No differences was
observed when compared C-C and T-C groups Lactobacillus spp. content (Table 5).
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Offspring’s tissue cytokine content

The IL-6 and TNF-a content in liver was higher in the T-OF than in the C-C
and T-C groups (Figure 5A and 5C). The IL-10/TNF-a ratio was higher in T-OF group
when compared to C-C, but not to T-C group (Figure 5D). In RET, soleus and EDL
muscle the IL-6, IL-10, TNF-a content and IL-10/TNF-a ratio was similar between
groups (Figure 5A, B, C and D).

Offspring’s tissue protein expression

The protein expression of Adipo-R1 was decreased in soleus muscle of T-OF
group when compared to C-C and T-C (Figure 6 C). No changes were observed in
protein expression of IL-6Ra, IL-10Ra, p-NFkB-p50, p-NFkB-p65 and p-IKBa in
soleus muscle (Figure 6A, B, D, E and F).

In the liver the protein expression of Adipo-R2 was higher in T-OF group when
compared to C-C, but not to T-C group (Figure 7B). The p-NFkB-p50 protein
expression was higher in T-C group when compared to C-C, but this protein
expression in T-OF group was similar to C-C (Figure 7C). The IL-10Ra, NFkB-p65
and p-IKBa protein expression in the liver was similar between all groups (Figure 7A,
7D and 7E).
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DISCUSSION

The pro-inflammatory effect of trans fatty acid intake is well established, being
harmful through a variety of mechanisms, such increasing production of inflammatory
markers protein.®®'? In the present study, diet containing hydrogenated vegetable fat,
rich in trans fatty acid, during pregnancy and lactation promoted a pro-inflammatory
effect in dams with increased content of IL-6 in RET and TNF-a in soleus muscle
(Figure 2). Evidence about the effects of trans fatty acids to pregnant and lactating

women are scarce.

Surprisingly, the serum levels of LPS were lower in T group compared to C
and not affect de Lactobacillus spp. content in colon. There were no differences
between groups with respect to serum levels of insulin, glucose, free fatty acids,
adiponectin, ghrelin, triacylglycerol, total cholesterol and HDL (Table 3). Despite this,
is known that trans fatty acid consumption affects lipid metabolism, endothelial
function, increases the risk of cardiovascular disease development and insulin

resistance.®'?

The T maternal diet did not affect the body weight at 21 or 90 days old
offspring, but nose-to-anus length was lower in T-C group at 21 and from 70 to 90
days old (Figure 3). Previously, our group demonstrated that the 21-day-old pups
from dams fed a diet rich in TFA (7%) during pregnancy and lactation presented
showed a lower body weight, body weight gain and length at 21 days old.®" On the
other hand, the results by Hachul et al. with the same experimental design showed
no differences in body weight, body weight gain and length at birth and 21 days old
offspring.®”

Some evidences show that oligofructose supplementation promotes weight
loss.®"9) Hachul et al. (2013) had shown that supplementation of the dam’s diet with
10% oligofructose during pregnancy and lactation reduced the offspring’s body
weight, body weight gain, length and lipid carcass content. In the present study,
supplementation of offspring 10% oligofructose promotes a reduced body weight at
28 to 56 and 70 to 90 days old offspring of mothers that received a diet rich in trans

fatty acid during pregnancy and lactation. The same group of offspring showed
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reduced length from 21 to 84 days old, but at 90 days old this difference was not
observed.

The Lee index is an indicator of obesity used for rats, equivalent to BMI for
humans. Lee index was higher in T-C and T-OF groups at 21 days old, compared to
C-C, but this difference remained only in T-C group from 63 to 90 days (Figure 3).
These results indicate that oligofructose (10%) supplementation of offspring reverses
the obesogenic effect exerted by maternal consumption of trans fatty acids during
pregnancy and lactation. The supplementation with oligofructose also promoted
reduction of carcass fat and weight of white adipose tissues (retroperitoneal and

epididymal), without changing the carcass protein content (Table 4).

T-C and T-OF treatments did not promote modifications in insulin, glucose,
triacylglycerol, total and HDL cholesterol, but T-OF promoted a decrease in free fatty
acid serum concentration in 90 days/old puppies (Table 5). Adipose tissue, specially
the visceral fat depots, participate in the regulation of FFAs release to systemic
circulation and evidences indicated that weight loss by diet and exercise is
associated with a reduced free fatty acid flux.“%*" In accordance, Menittiet al. (2014)
observed a decrease in FFA serum concentration of the pups of mothers that
received oligofructose supplementation (10%) or hydrogenated vegetable fat during
pregnancy and lactation, followed by reduction in the body weight and RET-relative

weight.

Increased leptin promotes an increase of a-MSH production, antagonizing the
activity of NPY neurons and consequently reducing the intake to feed.*?In this
sense, the acylating of ghrelin to the active form has also been shown to decrease in

response to prebiotic supplementation in rats®’ #4244

, since ghrelin is an orexigenic
gastrointestinal hormone.“®Therefore, supplementation with these fibers reduces the
dietary energy content by reducing the dietary intake. In the present study, the fasting
ghrelin serum concentration was higher in T-OF than C-C- and T-C groups, and
serum leptin was lower in the same group when compared to T-C, and that it may be
part of a compensation mechanism associated with reduced visceral and carcass fat

content promoted by oligofructose intake by offspring.
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Pisani et al. (2008) showed that the maternal intake of hydrogenated
vegetable fat (7%) rich in TFA during pregnancy and lactation increases mRNA to
TNF-a and plasminogen activator inhibitor-1 (PAI-1),a proinflammatoryadipokine with
prothrombotic properties, in the pup’s RET, and decreased serum adiponectin level.
In accordance, Hachulet al. (2013) observed that the consumption of TFA (7%)
during pregnancy and lactation increased the TNF-a content in RET and decreased
the adiponectin serum concentration of the 21-day-old offspring. The same group
observed an increase in mMRNA levels of PAI-1, in the epididymal adipose tissue of
90-day-old offspring from dams fed a diet of TFA during pregnancy and lactation.
Together, these studies suggested a likely association between early TFA exposure

and increased risk for developing cardiovascular diseases in adulthood."®

In accordance, the present study showed that maternal dietary intake rich in
trans fatty acid promoted a pro-inflammatory effect in 90 days old offspring, by
increasing protein expression of phosphorylated form of nuclear factor kappa B p50
subunit in the liver (Figure 7 C). Likewise, Pimentel et al. (2012) showed that the
intake of TFA from hydrogenated vegetable fat (7%) during pregnancy and lactation
increased serum endotoxin levels; NF-kB p65 subunit (p65), TLR4 and MyD88
protein expression; and hypothalamic concentrations of IL-6, TNF-a and IL-18,
accompanied by a decrease in AdipoR1 hypothalamic protein expression, which may
contribute to the hypothalamus inflammation of 90-day-old pups. Controversially, in
the present study, TNF-a serum concentration was lower in T-C and T-OF groups

when compared to C-C.

On the other hand, oligofructose supplementation promotes in ninety days old
offspring a reduction in IL-6 and TNF-a content in liver (Figure 5 A and C), an
increasing in IL-10/TNF-a ratio (Figure 5 D) and Adipo-R2 protein expression (Figure
7 B). The maternal dietary intake of TFA promotes an increasing in protein
expression of phosphorylated form of nuclear factor kappa B p50 subunitin offspring
that fed a control diet, but this was not observed in the group that received
oligofructose supplementation (T-OF). These results suggest that, despite the
reduction of protein expression of Adipo-R1 in Soleus muscle (Figure 6 C), the

ingestion of diet supplementation of oligofructose, by offspring, reversed the
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proinflammatory effects caused by maternal consumption of trans fatty acids in the
offspring liver. This may be related to the reduction of visceral fat and the increase of
Lactobacillus spp. content in colon offspring supplemented with oligofructose after
weaning (Table 5).

Recently, Lactobacillus spp., belonging to the phylum Firmicutes, has been
associated with some beneficial effects, such as less weight gain during pregnancy in
obese women and their levels correlated with lower birth weight of theirchildren®®);
promotes lowers size of the adipocytes and fat cells in mice fed a diet rich in fat“?;
reduction of fat mass and BMI in obese diabetic patients, and improves insulin
sensitivity.©?

Despite this evidence, the results about the effects of Lactobacillus spp. in
control body weight still controversial. Some Lactobacillus species has been
associated with obesity and weight gain while others are associated with weight
loss.®"Aroraet al. (2014), found that Lactobacillus plantarum promoted reduction of
the inflammatory and endotoxemia state in rats. In accordance, Pefia and Versalovic
(2003) reported anti-inflammatory effects by a reduction of TNF-a production, with
Lactobacillus rhamnosus treatment in macrophages. Drissi et al. (2014) examined a
13 complete genomes belonging to seven different Lactobacillus spp. previously
associatedwith weight gain or weight protection. According to the authors, the mains
species related to the protective effects wasL.plantarum and L.gasseri, by
amechanism involving participation in the degradation of fructose and promotion the
synthesis of dextrin, L-rhamnose and acetate, that had a prevent effect to obesity

development in animals.®"%%%%
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CONCLUSION

Dietary intake of hydrogenated vegetable fat, rich in trans fatty acid, during
pregnancy and lactation promoted a pro-inflammatory effect in dams with increased
content of IL-6 in RET and TNF-a in soleus muscle and in ninety days old offspring,
by increasing proteic expression of phosphorylated form of nuclear factor kappa B
p50 subunit in the liver. In addition, maternal consumption of TFA during pregnancy
and lactation, promoted an obesogenic effect on offspring at 90 days of life,
evidenced by the increase in the Lee index when compared to other groups. On the
other hand, oligofructose (10%) supplementation of offspring reverse the obesogenic
and inflammatory effect exerted by maternal consumption of trans fatty acids during
pregnancy and lactation, by reducing Lee Index, IL-6 and TNF-a content, promoting a
higher protein expression of Adipo-R2 in liver and Lactobacillus spp. Genomic DNA
in colon. Together, these results indicate that supplementation with oligofructose
promotes beneficial effects in minimizing pro-inflammatory and obesogenic effects

generated by maternal TFA dietary intake.

86



REFERENCES

1. Barker DJP (1998) In utero programming of chronic disease. ClinSci (Lond) 95,
115- 128.

2. Godfrey KM, Barker DJ (2001) Fetal programming and adult health. Public Health
Nutr 4, 611-24.

3. Barker DJ (1997) Fetal nutrition and cardiovascular disease in later life. Br Med
Bull 53, 96-108.

4. Innis SM (2007) Fatty acids and early human development. Early Hum Dev 83,
761-6.

5. Waterland RA, Garza C (1999) Potential mechanisms of metabolic imprinting that

lead to chronic disease. American Journal Clinical Nutrition, 69, 179-197.

6. Berg AH, Scherer PE. Adipose tissue, inflammation, and cardiovascular disease.
Circ Res. 2005 May 13;96(9):939-49.

7. Galic S, Oakhill JS, Steinberg GR (2010) Adipose tissue as an endocrine organ.
Mol Cell Endocrinol 316, 129-39.

8. Bastard JP, Maachi M, Lagathu C (2006) Recent advances in the relationship

between obesity, inflammation, and insulin resistance. Eur Cytokine New 17, 4-12.

9. Remig V, Franklin B, Margolis S (2010) Trans fats in America: a review of their

use, consumption, health implications, and regulation. J Am Diet Assoc 110, 585-92.

10. Micha R, Mozaffarian D (2008) Trans fatty acids: effects on cardiometabolic
health and implications for policy. Prostaglandins Leukot Essent Fatty Acids 79, 147—
52.

11. Gebauer SK, Psota TL, Kris-Etherton PM (2007) The diversity of health effects of

individual trans fatty acid isomers. Lipids 42, 787—799.
87



12. Pisani LP, Oyama LM, Bueno AA et al. (2008) Hydrogenated fat intake during
pregnancy and lactation modifies serum lipid profile and adipokine mRNA in 21-day-
old rats. Nutrition 24, 255-61.

13. Oliveira JL, Oyama LM, Hachul AC et al. (2011) Hydrogenated fat intake during
pregnancy and lactation caused increase in TRAF-6 and reduced AdipoR1 in white
adipose tissue, but not in muscle of 21 days old offspring rats. Lipids Health Dis 25,
10:22.

14. Pisani LP, Oller do Nascimento CM, Bueno AA et al. (2008) Hydrogenated fat
diet intake during pregnancy and lactation modifies the PAI-1 gene expression in

white adipose tissue of offspring in adult life. Lipids Health Dis 4, 7-13.

15. Pimentel GD, Lira FS, Rosa JC et al. (2012) Intake of trans fatty acids during
gestation and lactation leads to hypothalamic inflammation via TLR4/NFkBp65

signaling in adult offspring. J Nutr Biochem 23, 265-271.

16. Cani PD, Delzenne NM, Amar J et al. (2008) Role of gut microflora in the
development of obesity and insulin resistance following high-fat diet feeding. Pathol
Biol 56, 305-9.

17. Tilg H, Moschen AR, Kaser A (2009) Obesity and the microbiota.
Gastroenterology, 136, 1476-83.

18. Cani PD, Neyrinck AM, Fava F et al. (2007) Selective increases of bifidobacteria
in gut microflora improve high-fat-diet-induced diabetes in mice through a mechanism

associated with endotoxaemia. Diabetologia 50, 2374-2383.

19. Cani PD, Amar J, Iglesias MA et al. (2007) Metabolic endotoxemia initiates
obesity and insulin resistance. Diabetes 56, 1761-1772.

20. Paul HA, Bomhof MR, Vogel HJ et al. (2016) Diet-induced changes in maternal
gut microbiota and metabolomic profiles influence programming of offspring obesity
risk in rats. Scientific Reports, 6, 20683. http://doi.org/10.1038/srep20683

88



21. Nakamura YK & Omaye ST (2012) Metabolic diseases and pro- and prebiotics:
Mechanistic insights. Nutrition & Metabolism 9, 60. http://doi.org/10.1186/1743-7075-
9-60

22. Bouhnik Y, Vahedi K, Achour L et al. (1999) Short-chain fructo-oligosaccharide
administration dose dependently increases fecal bifidobacteria in healthy humans. J
Nutr129, 113- 116.

23. Cummings JH, Macfarlane GT (2002) Gastrointestinal effects of prebiotics. Br J
Nutr 87, Suppl 2, S145-S151.

24. Kawai T, Akira S (2009) The roles of TLRs, RLRs and NLRs in pathogen
recognition. Int Immunol 21, 317-337.

25. Macfarlane GT, Macfarlane S (2011) Fermentation in the human large intestine:
its physiologic consequences and the potential contribution of prebiotics. J Clin
Gastroenterol 45, Suppl, S120-127.

26. Damaskos D, Kolios G (2008) Probiotics and prebiotics in inflammatory bowel

disease: microflora ‘on the scope’. Br J ClinPharmacol 65, 453—467.

27. Leonel AJ, Alvarez-Leite JI (2012) Butyrate: implications for intestinal function.
Curr Opin Clin Nutr Metab Care 15, 474—479.

28. Kelly G (2008) Inulin-type prebiotics - a review: part 1. Altern Med Rev 13, 315—
329.

29. Roberfroid MB, Delzenne NM (1998) Dietary fructans. Annu Rev Nutr 18, 117—
143.

30. Hachul AC, Mennitti LV, de Oliveira JL et al. (2013) Oligofructose
supplementation (10%) during pregnancy and lactation does not change the
inflammatory effect of concurrent trans fatty acid ingestion on 21-day-old offspring.
Lipids Health Dis 1, 12-59.

89



31. Mennitti LV, Oyama LM, de Oliveira JL et al. (2014) Oligofructose
supplementation during pregnancy and lactation impairs offspring development and

alters the intestinal properties of 21-d-old pups. Lipids Health Dis 5, 13-26.

32. Reeves PG, Nielsen FH, Fahey GC Jr (1993) AIN-93 purified diets for laboratory
rodents: final report of the American Institute of Nutrition ad hoc writing committee on
the reformulation of the AIN-76A rodent diet. J Nutr 123, 1939-51.

33. Reeves PG (1997) Components of the AIN-93 diets as improvements in the AIN-
76A diet. J Nutr 127, Suppl 5, S838-S841.

34. Stansbie D, Denton RM, Bridges BJ et al. (1976) Regulation of pyruvate
dehydrogenase and pyruvate dehydrogenase phosphate phosphatase activity in rat
epididymal fat-pads. Effects of starvation, alloxan-diabetes and high-fat diet. Biochem
J. 154, 225-36.

35. Oller do Nascimento CM, Williamson DH (1986) Evidence for conservation of
dietary lipid in the rat during lactation and the immediate period after removal of the
litter. Biochem J 239, 233-236.

36. Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta DeltaC(T)) Method. Methods 25, 402—
408.

37. Parnell, JA & Reimer, RA (2009) Weight loss during oligofructose
supplementation is associated with decreased ghrelin and increased peptide YY in
overweight and obese adults. Am J Clin Nutr 89, 1751-9.

38. Parnell JA, Reimer RA (2010) Effect of prebiotic fiber supplementation on hepatic
gene expression and serum lipids: a dose-response study in JCR:LA-cp rats. Br J
Nutr103,1577-84.

39. Parnell JA, Reimer RA (2012) Prebiotic fibers dose-dependently increase satiety
hormones and alter Bacteroidetes and Firmicutes in lean and obese JCR:LA-cp rats.

Br J Nutr 107, 601-13.

90



40. Shadid S, Jensen MD (2006) Pioglitazone increases non-esterified fatty acid
clearance in upper body obesity. Diabetologia 49, 149-157.

41. Jensen MD (2008) Role of body fat distribution and the metabolic complications
of obesity. J Clin Endocrinol Metab 93, Suppl 1, S57-S63.

42. Yang J, Brown MS, Liang G et al. (2008) Identification of the acyltransferase that
octanoylates ghrelin, an appetite-stimulating peptide hormone. Cell 132, 387-96.

43. Cani PD, Dewever C, Delzenne NM (2004) Inulin-type fructans modulate
gastrointestinal peptides involved in appetite regulation (glucagon-like peptide-1 and
ghrelin) in rats. Br J Nutr 92, 521-6.

44. Cani PD, NeyrinckAM, Maton N (2005) Oligofructose promotes satiety in rats fed
a high-fat diet: involvement of glucagon-like Peptide-1. Obes Res 13, 1000-7.

45. Morton GJ, Cummings DE, Baskin DG et al. (2006) Central nervous system
control of food intake and body weight. Nature 443, 289-95.

46. Zigman JM, Bouret SG, Andrews ZB (2016) Obesity Impairs the Action of the
Neuroendocrine Ghrelin System. Trends Endocrinol Metab 27, 54-63.

47. Pisani LP, Oyama LM, Bueno AA et al. (2008) Hydrogenated fat intake during
pregnancy and lactation modifies serum lipid profile and adipokine mRNA in 21-day-
old rats. Nutrition 24, 255-61.

48. Santacruz A, Collado MC, Garcia-Valdés L et al. (2010) Gut microbiota
composition is associated with body weight, weight gain and biochemical parameters

in pregnant women. Br J Nutr 104, 83-92.

49. Aronsson L, Huang Y, Parini P et al. (2010) Decreased fat storage by
lactobacillus paracasei is associated with increased levels of angiopoietin-like 4
protein (ANGPTL4). PLoS ONE. Published online: 30 September 2010. doi:
http://doi.org/10.1371/journal.pone.0013087.

50. Andreasen AS, Larsen N, Pedersen-Skovsgaard T et al. (2010) Effects of
Lactobacillus acidophilus NCFM on insulin sensitivity and the systemic inflammatory
response in human subjects. Br J Nutr 104, 1831-8.

91



51. Drissi F, Merhej V, Angelakis E et al. (2014) Comparative genomics analysis of
Lactobacillus species associated with weight gain or weight protection. Nutrition &
Diabetes. Published online: 24 February 2014. doi: http://doi.org/10.1038/nutd.2014.6

52. Arora S, Kaur IP, Chopra K et al. (2014) Efficiency of double layered
microencapsulated probiotic to modulate proinflammatory molecular markers for the
management of alcoholic liver disease. Mediators of Inflammation. Published online:
22 may 2014. doi: http://doi.org/10.1155/2014/715130.

53. Wakabayashi S, Hashii Y (1994) Food and sugar preparation containing
indigestible dextrin. Japanese Patent EP0582518 A2, Matsutani Chemical Industries
Co. Ltd.

54. Yamashita H, Fujisawa K, Ito E et al. (2007) Improvement of obesity and glucose
tolerance by acetate in type 2 diabetic Otsuka Long-Evans Tokushima Fatty (OLETF)
rats. Biosci Biotechnol Biochem 71, 1236—1243.

92



Table 1. Composition of the control diet, control diet supplemented with oligofructose and diet

enriched with trans fatty acids according to AIN-93.

Diet (g/1009)

Ingredient C OF T
Casein* 20.0 20.0 20
L-cystinet 0.3 0.3 0.3
Cornstarcht 62.0 52.0 62
Soybean oilt 8.0 8.0 1.0
Vegetable -- - 7.0

Butylhydroquinonet 0.0014 0.0014 0.0014

Mineral mixture§ 3.5 3.5 3.5
Vitamin mixture# 1.0 1.0 1.0

Celluloset 5.0 5.0 -
Choline bitartratet 0.25 0.25 5.0
Oligofructosef - 10.0 0.25

*Casein was obtained from Labsynth, Sao Paulo, Brazil.

TL-cystine, cornstarch, butylhydroquinone, cellulose and choline bitartrate were obtained from
Viafarma, Sao Paulo, Brazil.

10il was supplied from soybean (Lisa/Ind. Brazil).

§Mineral mix 9mg/kg diet): calcium, 5000; phosphorus, 1561; potassium, 3600;sodium, 1019; chloride,
1571; sulfur, 300; magnesium, 507; iron, 35; copper,6.0; manganese, 10.0; zinc, 30.0; chromium, 1.0;
iodine 0.2; selenium, 0.15;fluoride, 1.00; boron, 0.50; molybdenum, 0.15; silicon, 5.0; nickel, 0.5;
lithium,0.1; vanadium, 0.1 (AIN-93G, mineral mix, Rhoster, Brazil).

#Vitamin mix (mg/kg diet): thiamin HCL, 6.0, riboflavin, 6.0; pyridoxine HCL 7.0;niacin, 30.0; calcium
pantothenate, 16.0; folic acid, 2.0; biotin, 0.2; vitamin B12,25.0; vitamin A palmitate 4000 IU; vitamin E
acetate, 75; vitamin D3, 1000 IU; vitamin KI, 0.75. (AIN-93G, vitamin mix, Rhoster, Brazil).
£0ligofructose (P95) was manufactured by Orafti (Pemuco, Chile) and was obtained by Viafarma, Sao
Paulo, Brazil.
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Table 2. Body composition and tissues weight of the dams

Control Trans
Cascass protein (g/100g) 16.77 £ 0.89 17.42 + 0.56
Carcass fat (g/100g) 9.15+0.32 8.65+1.29
Retroperitoneal adipose tissue relative weight (g/100g) 0.83 £ 0.06 0.81+0.09
Liver relative weight (g/1009g) 3.51+0.40 3.23+0.35
EDL muscle relative weight (g/100g) 0.06 £ 0.00 0.07 £ 0.00
Soleus muscle relative weight (g/100g) 0.07 £ 0.01 0.08 £ 0.01
Parametrial adipose tissue relative weight (g/100g) 1.24 £ 0.09 1.24 + 0.09

Data shown as meanzSE. * p<0.05 ** p=0.05, versus Control. (n=10)
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Table 3. Serum LPS, adiponectin, insulin, glucose, FFA, triacylglycerols, total cholesterol, HDL
cholesterol, cholesterol/HDL ratio in the dams and Lactobacillus spp. genomic DNA levels on

fecal content in colon

Control Trans
LPS ([EU)}/mL) 13.06 + 1.96 8.19+1.14~
NPY (ng/mL) 1.603 £ 0.11 1.536 £ 0.10
Ghrelin (ng/mL) 270+ 0.34 2.0+0.35
Adiponectin (pg/mL) 48.44 + 10.26 41,33 £ 10,37
Insulin (ug/mL) 0.62 + 0.05 0.67 £ 0.16
Glucose (mg/dL) 93,55 + 3,56 93.76 + 1.29
FFA (uM) 2509 + 240.6 2748 + 201.54
Triacylglycerol (mg/dL) 98.10 £ 2.54 94.08 + 1.42
Total Cholesterol 84.85 1 3.50 91.94 £ 7.65
HDL-Cholesterol (mg/dL) 43.47 + 3.81 46.85+ 2.72
Cholesterol total/HDL Ratio 2.01+£0.10 1.94 £ 0.09
Lactobacillus spp. genomic DNA levels 1.40 £ 0.58 2.36 £1.02

Serum results are showed as mean+SE (n=10). Results of Lactobacillus spp. are expressed in

arbitrary units, stipulating 100 as the control value (n=5). * p<0.05, versus C.
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Table 4. Body composition and tissues weight in the offspring at ninety days old

C-C T-C T-OF
Cascass fat (g/100g) 14.23 £ 0.51% 14.08 £ 0.55° 13.02 +0.15°
Carcass protein (g/100g) 9.75+1.22° 9.89+1.13° 9.8+1.17°
Retroperitoneal adipose tissue relative weight 2.16 £0.14° 2.05+0.12° 1.49+0.07°
(9/1009)
Liver relative weight (g/100g) 3.11+0.12° 3.24+0.08° 3.11+0.11°
EDL muscle relative weight (g/100g) 0.08 £0.00° 0.07 £0.00° 0.07 £0.00°
Soleus muscle relative weight (g/100g) 0.09+0.01° 0.07+0.01° 0.08 £0.00°
Epididymal adipose tissue relative weight (g/100g) ~ 2.04 + 0.28 % 2.37 £0.14° 1.47 £ 0.14°

Data shown as mean+SE. *° p<0.05 (n = 5)
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Table 5. Serum LPS, TNF-alfa, adiponectin, insulin, glucose, FFA, triacylglycerols, total
cholesterol, HDL cholesterol in the offspring at ninety days old

C-C (10) T-C (6) T-OF (6)
LPS ([EU}/mL) 499+1.10° 945+241° 751+3.0°
TNF-a 11.06 + 1.02 ° 3.08+£0.70°" 6.93+1.05°
Ghrelin (ng/mL) 0.70 £ 0.09° 0.59+0.06° 1.95+0.34°
Leptin (pg/mL) 9.38+2.08% 10.96 + 1.88° 5.36 + 0.83°
Insulin (ug/mL) 1.29+0.18° 1.35+0.15° 0.89+0.13°
Glucose (mg/dL) 94,23 +3,31° 98,33 +0,98° 95.56 + 0.99°

FFA (uM)
Triacylglycerol (mg/dL)
Total Cholesterol
HDL-Cholesterol (mg/dL)
Cholesterol total/HDL Ratio
(mg/dL)

Lactobacillus spp. genomic DNA

levels

2501.14 + 232.56*
111,21 £2,10°
147.8 £ 1.28°
4744 +0.2°

3.16 £+ 0.03°

100 + 63.43°

3164 + 317.1°
109,67 £ 9,70°
152.88 + 3.86°
47.55+0.2°

3.19+0.07°

87.67 + 26.02°

1926.5 £ 0.99°
106.67 + 14.68°
152.0 £ 10.32°
47.29 +0.15°

3.22+0.05°

3572.19 +
1562.02 °

Data shown as meanzSE. ®® p<0.05
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6 SUMARIO DE CONCLUSOES

6.1 O tratamento com dieta OF nas maes, promoveu:

» redugédo da ingestdo alimentar e ganho de peso corporal durante a gestacao e
lactacao.

» redugdo da massa do tecido adiposo RET e conteudo de gordura da carcaga.

» redugdo dos niveis séricos de adiponectina, aumento de grelina, colesterol
total e HDL.

= aumento do conteudo de IL-6 no tecido adiposo RET, menor razdo IL-10/
TNF-a no tecido muscular séleo e aumento dessa razdo no tecido adiposo
RET.

= nenhuma alteragdes nos niveis de lactobacillus spp. no célon.

6.2 O tratamento com dieta OF materna na prole aos noventa dias de vida,
causou:

e reducao do peso corporal na prole até os cichquenta e seis dias de vida, além
de reducéo do comprimento naso-anal até o septuagégimo dia. Aos noventa dias
de vida nao houve diferengas nesses parametros.

e nenhuma alteracdes no conteudo de gordura da carcaca e tecidos adiposos
na prole com noventa dias de vida.

reducéo dos niveis séricos de TNF-a, NPY e aumento de grelina em jejum na
prole de noventa dias de vida.

aumento do conteudo de IL-6 no tecido muscular séleo na prole com noventa
dias de vida.

aumento da expressao protéica de IL-6Ra e redugdo de Adipo-R1 no tecido
muscular soleo.

nenhuma alteragdes nos niveis de lactobacillus spp. no célon.
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6.3 O tratamento com dieta T nas maes, promoveu:

nenhuma alteracdo na ingestdo alimentar, ganho de peso, conteudo de
lipidios e proteina da carcaga e também nao promoveu modificagées no peso
dos tecidos coletados;

reducdo da concentracido sérica de LPS, porém sem alteracdes os demais
parametros bioquimicos analisados;

aumento do conteudo de TNF-a no musculo sbéleo e IL-6 no tecido adiposo
RET. N&ao alterou a conteudo de citocinas no figado e musculo EDL, bem
como a rezao IL-10/TNF-a.

N&o altera¢des nos niveis de Lactobacillus spp. no cdlon.

6.4 A dieta materna TFA na prole aos noventa dias de vida, desencadeou:

Nenhuma alteragdo no ganho de peso e no conteudo de lipidios da carcaca.
Nao promoveu aumento dos depodsitos de tecido adiposo, porém alterou o
conteudo de proteina da carcaga;

Nenhuma alteragcdo na ingestdo alimentar, porém promoveu aumento a
eficiéncia alimentar dos 21 aos 35 dias de vida, bem como aos 70 e noventa
dias de vida.

reducdo do comprimento naso-anal da prole aos 21 e aos noventa dias de
vida.

aumento do indice de Lee aos vinte e um dias de vida e dos 63 aos noventa
dias de vida.

reducdo dos niveis de TNF-a na prole de noventa dias de vida, porém nao
promoveu alteragées nos demais parametros bioquimicos analisados;

nenhuma alteragcdes nos niveis de Lactobacillus spp. no célon.

aumento da expressao protéica da forma fosforilada de NFkB-p65.
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6.5 O tratamento com dieta OF dos vinte e um aos noventa dias de vida, na
prole de maes alimentadas com dieta rica em TFA durante a gestacao e
lactagao, causou:

nenhuma modificagdo no peso da prole de vinte e um dias de vida, porém
reduziu o peso corporal dos 28 aos noventa dias de vida;

reducdo do conteudo de lipidios da carcaga, da massa do tecido adiposo
epididimal, porém sem modificar o conteudo de proteina da carcaga,;

nenhuma alteragcdo na ingestdo alimentar, porém promoveu aumento a
eficiéncia alimentar dos 21 aos 35 dias de vida.

redugdo do comprimento naso-anal da prole dos 21 e aos 84 dias de vida,
porém o mesmo nao foi observado aos noventa dias de vida.

aumento do indice de Lee aos vinte e um dias de vida, o mesmo nao foi
observado dos 28 aos noventa dias de vida.

reducdo dos niveis de TNF-a e grelina na prole de noventa dias de vida,
porém nao promoveu alteracbes nos demais paradmetros bioquimicos
analisados;

aumento dos niveis de Lactobacillus spp. no célon.

reducdo do conteiudo de TNF-a e IL-6 e aumento da razéo IL-10/TNF-a no
figado.

reducdo da expressao protéica de Adipo-R1 no tecido muscular sodleo,

aumento da expresséo protéica de Adipor-R2 no figado.
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7 CONCLUSAO

A suplementacdo com 10% de oligofrutose durante a gestagdo e lactagao
promoveu um efeito pré-inflamatério nas maes e prole com noventa dias de vida,
associados a diminuicdo adiponectina sérica materna, aumento do conteudo de IL-6
e da expressao protéica de IL-6R, bem como a reducdo da expressao protéica de
Adipo-R1 no musculo séleo da prole com noventa dias de vida. Por outro lado, a
suplementagao da prole com oligofrutose (10%) reverteu o efeito obesogénico e pro-
inflamatdrio exercido pelo consumo materno de acidos graxos trans durante a
gravidez e lactagdo, reduzindo indice de Lee e o conteudo de IL-6 e TNF-q,
acompanhado de uma maior expressao protéica de Adipo-R2 em figado e DNA
gendmico de Lactobacillus spp. no célon. Juntos, estes resultados indicam que a
suplementagéo com oligofrutose (10%) promove efeitos distintos em fases diferentes
da vida. Mais estudos deveréao ser conduzidos no sentido de investigar o efeito dose-
resposta da suplementagédo de oligofrutose durante a gestagcédo e lactagdo sobre o
desenvolvimento, metabolismo, endotoxemia e mecanismos inflamatérios em

gestantes e seus filhos.
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9 ANEXOS

1. Parecer do Comité de Etica em Pesquisa na UNIFESP
2. Certificado de analises da oligofrutose distribuida pela empresa Viafarma
(Sao Paulo, Brasil).
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