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RESUMO

A placenta é um importante érgao de transicao que forma uma ponte entre
a mae e o feto durante a gravidez. As alteracbes no ambiente intrauterino
impactam a saude do feto podendo ser influenciada pela dieta materna. No
presente estudo, nosso objetivo foi investigar os efeitos de intervencdes na dieta
materna (restricdo calorica e dieta hiperlipidica) e suplementacdo de probidticos
durante a gravidez na morfologia, biometria e mediadores inflamatérios na
placenta, além dos parametros bioquimicos séricos maternos. Camundongos
fémeas receberam dietas padrdao (CONT), restritivas (RD) em 30% a menos que 0
controle, ou dietas hiperlipidicas (HFD) por 16 semanas, durante o acasalamento
e gestacdo, até o 18° dia de gestacdo (GD). Durante a gestacdo, 0S grupos
CONT+PROB e HFD+PROB receberam por gavagem o probidtico Lactobacillus
rhamnosus LB1.5, contagens vidveis de 1,3 x 10°® ufc/ml, 3 vezes por semana, 0s
grupos CONT, RD ou HFD foram gavados com leite desnatado na mesma
frequéncia em que os grupos que receberam probidticos. No 18° GD as fémeas
foram eutanasiadas, o sangue troncular e a placenta foram coletados. No sangue
foram analisadas as concentracdes séricas de glicose, colesterol total e
triglicerideos e na placenta, sua morfologia e citocinas inflamatérias. Nao houve
diferenga significativa no numero de fetos, reabsorcéo fetal, taxa de viabilidade,
mediadores inflamatérios na placenta, glicose, colesterol totais e triglicerideos
analisados no soro das maes que receberam dietas diferentes ou nos grupos com
suplementacdo de probidticos. Em relacdo a morfologia placentaria, HFD e
HFD+PROB apresentaram aumento da espessura da zona labirintica quando
comparados a CONT+PROB. Em conclusédo, esses achados sugerem que as
dietas utilizadas neste modelo, assim como a suplementacdo probidtica de
Lactobacillus rhamnosus LB1.5 durante a gestacéo, ndo impactam os mediadores

inflamatorios nos parametros placentarios e bioguimicos.

PALAVRAS-CHAVE: Lactobacillus rhamnosus, restricdo caldrica, dieta
hiperlipidica, DOHaD.
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ABSTRACT

The placenta is an important transitional organ forming a bridge between
mother and fetus during pregnancy. Changes in the intrauterine environment
impact the health of the fetus may be influenced by the maternal diet. In the
current study, our objective was to investigate the effects of interventions in the
maternal diet (caloric restriction and high fat diet) and probiotics supplementation
during pregnancy on morphology, biometry and inflammatory mediators in the
placenta, in addition to maternal serum biochemical parameters. Female mice
received standard (CONT), restrictive (RD) by 30% less than control intake, or
high-fat (HFD) diets for 16 weeks, during mating and pregnancy, until the 18th
gestation day (GD). During pregnancy, the CONT and HFD groups received by
gavage the probiotic Lactobacillus rhamnosus LB1.5, viable counts were 1, 3 x 10°
ufc/ml, 3 times a week During pregnancy, the CONT+PROB and HFD+PROB
groups received by gavage the probiotic Lactobacillus rhamnosus LB1.5, viable
counts were 1,3 x 10° ufc/ml, 3 times a week , the groups RD, CONT and HFD
were gavaged with skim milk at the same frequency as the probiotic groups. On
the 18th GD the females were euthanized, the trunk blood and placenta was
collected. In the blood, serum concentrations of glucose, total cholesterol and
triglycerides were analyzed and in the placenta, its morphology and inflammatory
cytokines were analyzed. There was no significant difference in the number of
pups, fetal resorption, viability rate, inflammatory mediators in the placental,
glucose, total cholesterol and triglycerides analyzed in the serum of the mothers
who received different diets or in the groups with probiotic supplementation.
Regarding placental morphology, HFD and HFD+PROB showed increased
thickness of the labyrinth zone when compared to CONT+PROB. In conclusion,
these findings suggest that the diets used in this model, as well as the
Lactobacillus rhamnosus LB1.5 probiotic supplementation during pregnancy, did
not impact the inflammatory mediators in the placental and biochemical

parameters.



KEYWORDS: Lactobacillus rhamnosus, restrictive diet, high-fat diet, DOHaD.
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1 INTRODUGCAO

1.1 Nutricdo e ambiente intrauterino

A alimentacdo materna é fundamental para o pleno desenvolvimento do
feto [1]. Estudos tém evidenciado a relacdo complexa entre a dieta da gestante e
as condicbes de saude do recém-nascido, as modificacbes do ambiente
intrauterino e os padrfes de crescimento com desfechos metabdlicos na vida
adulta [2]. Fatores ambientais nos quais a mae possa ser exposta podem
ocasionar uma reprogramacao celular fetal e assim, modificar a vida do animal
quando adulto [3]. Além disso, alteragcbes no suporte nutricional placentario

podem afetar o desenvolvimento fetal [4].

1.2 Teoria da origem desenvolvimentista da salde e da doenca

(DOHaD)

Na década de 60, surgiu a “hipétese do gendtipo poupador”’, que se
baseava na possibilidade de uma mutacdo ser tornar uma adaptacdo benéfica
para individuos que foram expostos a escassez alimentar e sendo este carater
transmitido para outras geracdes [5]. J& em 1970 iniciaram-se 0s estudos com 0s
descendestes das maes que passaram pela fome holandesa, pois durante a
Segunda Guerra Mundial a Alemanha cercou a Holanda privando-a de abastecer-
se, e observou-se gue havia diferencas nas condi¢cdes corporais de acordo com a
fase em que a gestante sofreu desnutricdo. Neste estudo, observaram que se a
desnutricdo ocorresse no primeiro semestre gestacional estes individuos
apresentavam tendéncia a obesidade, caso a desnutricdo fosse ao tergo
gestacional final a incidéncia a obesidade era baixa [6]. Na década de 80,Baker
propde a teoria do “fendtipo poupador’, em que as situagdes adversas
intrauterinas e durante a infancia aumentariam as chances de desenvolvimento de

doencas cardiovasculares na vida adulta [7]. Estes estudos e teorias surgiram
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como tentativas de entender a importancia da nutricdo adequada em periodos
criticos de vida.

A teoria da origem desenvolvimentista da saude e da doenca (DOHad)
surgiu como um dos estudos que tenta explicar como intervencdes ocorridas
durante fases precoces do desenvolvimento humano podem promover o
desenvolvimento de doencas crbnicas ao longo da vida [8]. Mudancas, como
intervencdes na dieta materna, durante periodos de alta plasticidade neuronal,
como a vida pré-natal, pode alterar a ordem do funcionamento do organismo e
implicar em consequéncias ao longo da vida [8,9,10]. O ambiente intrauterino com
seus hormonios, producédo de citocinas e metabdlitos modulam a programacao
fetal devido a interacao entre eles [8].

Devido aos estudos de DOHaD existem evidéncias de que a alimentacao
durante o periodo de desenvolvimento possa alterar epigeneticamente a
expressdo génica e assim afetar a saude do individuo a longo prazo [8]. A
epigenética é definida como modificacdes nas expressdes génicas herdaveis sem
alterar a sequéncia do DNA [11]. Estes processos epigenéticos sdo feitos através
de modificacdes de histonas, regulacdo de RNA néo codificante e pelo processo
mais descrito no contexto de DohaD, a metilacdo do DNA [12]. Assim, a dieta
materna e outros fatores ambientais sdo o0s principais reguladores dos
mecanismos epigenéticos que irdo reprogramar fenotipicamente o feto e assim,
torna-lo mais suscetivel ou menos a doencas metabdlicas como diabetes tipo 2,

doencas cardiovasculares e a obesidade [13,14].
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durante a fase gestacional e que alteram epigeneticamente o fenétipo do adulto e
mudam sua suscetibilidade a doencas metabdlicas (Figura adaptada de
YUANYUAN.L., 2018).

1.3 Placenta

A placenta é um 6rgao provisoério responsavel pelos processos de nutricao,
excrecao e trocas de gases entre a mae e o feto. Além disso, a placenta confere
protecdo imunolégica ao feto através de horménios e fatores de crescimento que
suas células especializadas produzem [16]. A placenta regula o transporte de
acidos graxos, este transporte é feito por difusdo simples controlada pelo
gradiente de concentragdo entre a circulacdo materna e a fetal ou por difusao
facilitada com as proteinas de transporte da membrana como reguladoras [17].

Assim como a implantacdo, o processo de formacdo e organizacao da
placenta envolve a interacdo de células de ambos os organismos, tanto materno
quanto fetal, e isso varia bastante entre as diferentes espécies. A placenta de

roedores é do tipo hemocorial, pois os vasos fetais sdo banhados diretamente

Influence obesity
outcome in adult life
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pelo sangue materno [18]. E por fazer a comunicacédo entre mée e feto por um
local restrito, cotilédone, € classificada como discoéide [19].

Em roedores a formacédo da placenta comeca com a implantagdo do
blastocisto no corno uterino, este processo de implantagdo finaliza-se no
momento em que o feto esta encoberto pelo epitélio endometrial e esta totalmente
incorporado a parede uterina [16,17]. Nos camundongos entre os dias 10,5 e 11,5
a placenta ja estd completamente estruturada [16]. O Utero de roedores contém
dois cornos uterinos com mdultiplos embrides, cada embrido possui uma placenta
individual [17].

O desenvolvimento da placenta € um processo complexo de diferenciagéo
de células derivadas do blastocisto e de células maternas. A comunicacao entre
os dois organismos, que formam a interface materno-fetal, € fundamental para o
desenvolvimento adequado do embrido e, consequentemente, para o0 sucesso da
gestacdo [20,21]. A placenta é formada por uma porc¢ao fetal, originada do saco
coribnico, a placa coridnica; e uma por¢cao materna, originada do endométrio, a
decidua basal. Estes componentes delimitam o espaco interviloso, local onde o
sangue materno comunica-se através de lobos com o sangue fetal que se
estendem da placa coridnica [22].

A estrutura placentaria de mamiferos divide-se em 3 camadas: a mais
externa chamada decidua mesometrial, que possui as células do utero e a
vascularizacdo materna, que sdo responsaveis pelo transporte sanguineo ao sitio
de implantagdo; a camada intermediéria definida como zona juncional, camada
enddcrina [23]; e camada mais interna, zona labirinto onde ocorrem as trocas de
nutrientes efetivamente [24].

A decidua materna, que é a camada mais distal do feto, € composta por
células endometriais modificadas. Estas células secretam citocinas, horménios e
fatores de crescimento. Além destas, as células natural killers uterinas (UNK)
estdo presentes e sdo responsaveis pela angiogénese e imunologia. Nesta
camada encontramos vasos maternos encobertos pelas células trofoblasticas

gigantes e estes canais atravessam até o labirinto [25].
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A zona juncional é estreita e avascular. E composta por
espongiotrofoblasto e células trofoblasticas gigantes parietais [25].

O labirinto fica entre a zona juncional e a placa coribnica, formado por
células de origem materna e embrionaria. E formado por uma rica camada de
vasos, pois é nesta camada onde ocorrem as trocas de nutrientes, metabdlitos e
gases entre a mée e o feto [25].

A placenta ndo é apenas um canal passivo de transmisséo de nutrientes ao
feto, a placenta responde as mudancas ambientais e modifica o transporte
placentario, como exemplo podemos citar a obesidade materna que leva a
adiposidade fetal devido a uma maior transferéncia de nutrientes [26].

Além disso, algumas gestantes diabéticas e/ou obesas apresentam um
quadro inflamatério sistémico de baixo grau. Nestes casos inflamatorios a
placenta produz altos niveis de citocinas inflamatorias [27,28]. Estudos com
gestantes obesas comprovaram que a obesidade materna esta relacionada com
estresse hipoxico fetal e ao supercrescimento placentario [29]. Estudos com
ovelhas mostraram uma tendéncia a desnutricao fetal quando ha abundancia da
oferta de nutrientes atraves da dieta materna no final da gestacdo sugerindo uma
alteracdo na vascularizacdo placentaria e no transporte de nutrientes [30]. Ou
seja, apesar de existir fortes evidéncias de que intervencdes na dieta alterem o
desenvolvimento e o transporte placentario [31,32], ainda existem resultados
contraditorios nas pesquisas devido as diferentes dietas, que diferem em macro e
micronutrientes, como também, o tempo de exposicdo a estas dietas
obesogénicas [33]. Outro estudo com ratas alimentadas por 8 semanas com dieta
de cafeteria, foram analisados marcadores inflamatorios plasmaticos e o gene
inflamatério no tecido adiposo materno, figado fetal e em diferentes zonas
placentarias, ndo aumentando o estado inflamatério da mée, da placenta ou do

feto no final da gestacgéo [34].

1.4 Dietas
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Estima-se que 35% dos homens e 40% das mulheres nos Estados
Unidos sejam obesos [35]. No Brasil, calcula-se que até 2030, 68% da populacao
seré obesa [36]. Mundialmente, a obesidade infantil afeta 107 milhdes de criancas
[37]. Entretanto, segundo relatério da ONU de 2020 a fome aumentou no mundo
nos Ultimos anos, principalmente na Africa [38]. Ainda de acordo com este
relatorio, para cada 10 homens com inseguranca alimentar, havia 11 mulheres
com inseguranca alimentar em 2020 (comparados a 10,6 em 2019) e quase um
terco das mulheres em idade reprodutiva sofriam de anemia. E, como
consequéncia, em 2020 mais de 149 milhdes de criancas padecia de desnutricdo
cronica [38]. Estas desigualdades nutricionais tornam a necessidade de estudo,
pesquisa e compreensdo dos mecanismos envolvidos uma urgéncia no ambito
académico a fim de providenciar melhores capacitacdes nos sistemas de saude
para atender esta populacédo com melhor eficiéncia.

O ganho de peso durante a gestacdo aumenta as chances das méaes
desenvolverem hipertensdo, diabetes gestacional e os filhos obesidade infantil
[39,40]. Ja a restricdo alimentar materna pode predispor a prole ao
desenvolvimento de doencgas cardiacas e obesidade [41].

A restricdo caldrica (RC) é uma realidade para boa parte da populacdo
mundial e, por isso, seus efeitos tém sido objeto de estudo por parte da
comunidade cientifica. Ja € bem consolidado os efeitos que uma dieta RC exerce
de beneficamente na cognicdo durante o processo de envelhecimento e entre
outras doencas cronicas [42,43]. O retardo de crescimento intrauterino tem como
umas das principais causas a nutricdo deficiente e podem acarretar altos indices
de morbidade peri e neonatal [44]. Dietas de restricdo caldrica moderada podem
melhorar o aprendizado espacial e atenuar os disturbios de humor [45]. Os efeitos
positivos das dietas de restricdo podem ser atribuidos a neurogénese no
hipocampo em adultos [46]. Além disso, essas dietas podem ativar vias anti-
inflamatorias e antioxidantes [46]. Em um estudo com a RC controlada durante a
gestacdo foi observado que esta dieta protege o cérebro da prole do estresse

oxidativo durante a vida adulta [47]. Porém, outros estudos constataram
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que a dieta RC durante o periodo gestacional pode prejudicar o desenvolvimento
placentario e assim, dificultar a vascularizacdo e o transporte de nutrientes ao
feto, prejudicando sua formacédo e induzindo a doengas metabdlicas ao longo da
vida [48, 49, 50]. Por outro lado, estudos com humanos e animais demonstraram
que a restricdo calorica durante o periodo gestacional pode diminuir a massa de
células B- pancreaticas e sua disfuncdo e aumentar a intolerancia da glicose nesta
prole quando adulta [51].

Dietas hiperlipidicas (HFD) sdo definidas como dietas ricas em calorias e
macronutrientes como proteinas, carboidratos e gorduras ou uma combinacao
destes nutrientes. Observamos que a obesidade em ratos, induzida pelo
consumo de dietas HFD causam resisténcia a insulina periférica, dislipidemia e
estresse oxidativo (EO). Além disso, dietas ricas em calorias e gorduras podem
prejudicar o processo de memorizagéo e aprendizagem [52].

Estudos em humanos com maes obesas verificou-se o0 aumento do risco
de pré-eclampsia, diabetes gestacional e hipertenséo gestacional [53]. A prole das
maes obesas aumenta as chances de morte pré-natal e defeitos congénitos [54].
Além disso, a obesidade materna predispde a prole a nascer com um alto peso e
a desenvolver obesidade ao longo da vida [55].

Filhotes de mées alimentadas com dietas ricas em gorduras durante o
periodo gestacional e lactacional apresentaram alta taxa de depdésito de gordura
corporal, aumento do fator de necrose tumoral (TNF-a) e de interleucina 13 (IL-
1B8) [56]. Em outro estudo com ratos fémeas Sprague-Dawley, alimentadas com
HFD por 5 semanas antes da gestacdo e durante a gestacdo, os filhotes
apresentaram baixos niveis de leptina ao nascer, o que pode acarretar transtornos
alimentares ao longo da vida [57]. Dietas HFD induzem inflamacdo placentaria
[58], alteram o transporte placentario modificando o tamanho dos fetos [59] e o
aumento do colesterol, disbiose e uma inflamacgéo cronica de baixo grau. [60,61].
Esta inflamagdo de baixo grau altera o ambiente intrauterino modificando a

programacao fetal e assim, resultando em fetos com desenvolvimento de
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sindromes metabdlicas [62]. No soro destes fetos de maes alimentadas com HFD

foram encontrados aumento nos niveis de TNF-a e de IL-13 [63].

‘0 7 7 f';\ - Small .A;ﬂ-imi.crobial

% * «molecules

peptides

Figura 2. Efeitos da dieta materna na imunomodulag&o e sua influéncia no

desenvolvimento da prole (Figura modificada de CAROLYN A. THOMSON AND KATHY
D. MCCOY .,2021) .

O tempo em que as dietas sdo fornecidas ocasiona resultados diversos nas
pesquisas, afetando resultados bioguimicos como estrutura placentaria. Por
exemplo, em camundongos C57BL/6J, alimentados com dieta HFD e high sugar,
por 12 semanas, verificou-se que o0s animais ficaram com dislipidemia,

hiperglicemia e hiperinsulinemia, durante a gestacao [65], jA em outro estudo, com
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dieta HFD uma semana antes da concepcéao foi suficiente para elevar os niveis
de glicose [66].

No estudo com as mées holandesas que passaram pela fome de 1944-
1945, observou-se que aquelas privadas de comida no primeiro terco gestacional
e que depois receberam suprimento nutricional adequado tiveram placentas
maiores do que as que receberam nutricdo adequada durante todo periodo
gestacional [67]. Em ratos, a RC até metade do periodo gestacional promoveu
peso placentério reduzido e zona juncional maior. No entanto, ap0s este periodo,
se elas voltarem a receber dieta normalmente, a placenta volta a sua estrutura e

peso normal [68]. Estes estudos mostram a capacidade adaptativada placenta.

1.5 Probidticos

Segundo a Organizacdo Mundial de Saude (OMS) PROB sédo definidos
como "microrganismos Vivos hao patogénicos que quando ingeridos em
guantidades adequadas exercem efeitos benéficos ao organismo” [69]. J& o
Instituto Internacional de Ciéncias da Vida define PROB como “um ingrediente
alimentar microbiano vivo que, quando consumido em quantidades adequadas,
confere beneficios a saude dos consumidores”[70].

Uma das primeiras observacfes em relacdo aos efeitos benéficos dos
PROB foi feita por Elie Metchnikoff, no comec¢o do século 20, na Bulgaria. Ele
observou que o consumo de leite fermentado contendo bactérias acido lacticas
aumentava a longevidade da populacdo bulgara [71]. Existem exigéncias
estabelecidas pela FAO/OMS para que um PROB possa ser utlizado na
alimentacdo, e sdo as seguintes: identidade da cepa, avaliagdo de seguranca,
estudos in vitro e estudos in vivo [71].

Os PROB podem ser usados tanto na prevencdo de doencas em
individuos saudaveis como na atenuacao de doencas em individuos doentes [72].

Os principais mecanismos de acéo dos PROB para beneficiar o hospedeiro séo:
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competicdo com bactérias patogénicas por locais de adesdo e nutricao,
imunomodulagdo (producéo de citocinas), melhoria do sistema imune e producao
de neurotransmissores e altera¢do da funcionalidade da barreira epitelial [73].

O uso dos PROB possibilita uma mudanga no perfil das citocinas pré/anti-
inflamatorias [74]. Em um estudo com camundongos C57BL/6J, alimentados com
HFD, por 12 semanas, e depois administrado oralmente o L. rhamnosus foi
observado que houve diminuicdo do peso corporal, glicemia em jejum e
diminuicdo no tamanho das células dos adipdcitos, ou seja, pareceu ter
propriedades anti-inflamatdrias e anti-obesidade [75].

A administracdo de PROB durante a gravidez é considerada segura [76] e
ha estudos de que sua administracdo durante a gestacdo em humanos alterou os
marcadores inflamatérios na placenta, tais como a modificacdo na expressao

génica de toll-like receptors na placenta [77].
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Figura 3. Possiveis rotas da suplementacdo probidtica materna afetar a
microbiota intestinal do neonato e assim modificar o sistema imune (Figura
modificada de SWARTWOUT, B. AND X. M. LUO., 2018).

O consumo de Lactobacillus fermentum MTCC: leite fermentado
5898 atenuou a dislipidemia, a inflamacéo e o estresse oxidativo em ratos machos
alimentados com dieta rica em colesterol [78]. Camundongas C57BL/6,
alimentadas com HFD, por 8 semanas, e em seguida suplementadas por 4
semanas com probioticos Bifidobacterium animalis subsp. lactis, BB-12 reduziu o
acido ribonucléico mensageiro (MRNA) de TNF-a placentario em GD12 e mRNA
de interleucina-10 (IL-10) em GD19 [80].
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Neste trabalho testamos a viabilidade e funcionalidade no hospedeiro um
potencial candidato a PROB, isolado de leite cru de bufala. Utilizamos a cepa
Lact. rhamnosus LB1.5. A fim de uma nova cepa ser considerada segura para o
consumo humano sdo necessarios alguns testes in vitro antes de serem testados
in vivo. A inocuidade é testada através da verificagdo da presenca dos fatores de
viruléncia e a suscetibilidade antimicrobiana [81], além dos testes de tolerancia
gastrointestinal, sobrevivéncia aos sais biliares e a adesdo ao trato
gastrointestinal [82]. Por responder positivamente a sua capacidade de adesao,
capacidade de agregacdo e tolerancia as condi¢bes de simulagédo do intestino,
além de sua associacdo a resposta transcricional de genes relacionados para
adesdo, agregacao, tolerancia ao estresse, reparo de acido desoxirribonucléico
(DNA) e metabolismo central que simulam as condicdes gastrointestinais,

optamos por testar esta cepa in vivo [83].

Baseado no exposto, a hipotese central deste estudo € que a restricdo
caldrica e a administracdo de probi6ticos no periodo gestacional poderao proteger
a interface materno fetal prevenindo alteracbes metabdlicas, comportamentais,
imunoldgicas e genéticas no feto que podem ser causadas pela alimentacao

materna.
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2 OBJETIVOS

2.1 Objetivo Geral

Nosso estudo teve como objetivo avaliar os efeitos de intervencgdes na dieta
materna (restricdo calorica e dieta hiperlipidica) e suplementacdo de probioticos
durante a gravidez na morfologia, biometria e mediadores inflamatorios na

placenta, além de parametros bioquimicos séricos maternos.

2.2 Objetivos Especificos

¢ Avaliar o ganho de peso das fémeas ao longo da administragéo da dieta;
o Analisar o perfil bioquimico sérico das maes;

o Verificar o nimero de fetos e reabsorcédo embrionaria (perfil reprodutivo);
¢ Analisar a morfologia da placenta;

o Determinar os niveis de citocinas na placenta.



3 ARTIGO CIENTIFICO

O artigo intitulado “Effects of different diets and probiotic
supplementation during pregnancy on placental morphology and
cytokines and biochemical parameters in mice” foi submetido a
revista Journal of Physiology and Biochemistry com fator de impacto
(2020): 3. 617.

26



27

Effects of different diets and probiotic supplementation during pregnancy on
placental morphology and cytokines and biochemical parameters in mice

Nicole Hiller Bondarczuk®, Natalia Perin Schmidt®, Gabriela Merker Breyer®, Ana
Carolina de Moura?, Patricia Molz?, Alethea Gatto Barshackb, Amanda de Souza da Motta®,

Renata Padilha Guedes*?, Marcia Giovenardi®®

% Programa de Pds-Graduagdo em Biociéncias, Universidade Federal de Ciéncias da Salde
de Porto Alegre (UFCSPA), Rua Sarmento Leite, 245, Porto Alegre, Brazil.

® Programa de Pés-Graduagdo em Ciéncias da Salde, Universidade Federal de Ciéncias da
Salde de Porto Alegre (UFCSPA), Rua Sarmento Leite, 245, Porto Alegre, Brazil.

¢ Programa de Pos-Graduacdo em Microbiologia Agricola e do Ambiente, Universidade
Federal do Rio Grande do Sul (UFRGS), Rua Sarmento Leite, 500, Porto Alegre, Brazil.

Corresponding Author: Dr Marcia Giovenardi
Universidade Federal de Ciéncias da Saude de Porto Alegre
Rua Sarmento Leite, 245/308C

Porto Alegre/RS, 90050-170, Brazil

Tel. +55-51-33308751

e-mail: marciag@ufcspa.edu.br



28

ABSTRACT

The placenta is an important transitional organ forming a bridge between mother and
fetus during pregnancy. Changes in the intrauterine environment impact the health of the
fetus may be influenced by the maternal diet. In the current study, our objective was to
investigate the effects of interventions in the maternal diet (caloric restriction and high fat
diet) and probiotics supplementation during pregnancy on morphology, biometry and
inflammatory mediators in the placenta, in addition to maternal serum biochemical
parameters. Female mice received standard (CONT), restrictive (RD) by 30% less than
control intake, or high-fat (HFD) diets for 16 weeks, during mating and pregnancy, until
the 18th gestation day (GD). During pregnancy, the CONT and HFD groups received by
gavage the probiotic Lactobacillus rhamnosus LB1.5, viable counts were 1,3 x 108 ufc/ml,
3 times a week. On the 18th GD the females were euthanized, the trunk blood and placenta
was collected. In the blood, serum concentrations of glucose, total cholesterol and
triglycerides were analyzed and in the placenta, its morphology and inflammatory
cytokines were analyzed. The HFD-fed dams showed an increase in body weight gain from
the 13th week of treatment when compared to the RD and CONT groups. During gestation,
the HFD group was a significant increase in body weight in the last week of gestation when
compared to dams in the RD and CONT+PROB groups. There was no significant
difference in the number of pups, fetal resorption, viability rate, inflammatory mediators in
the placental, glucose, total cholesterol and triglycerides analyzed in the serum of the
mothers who received different diets or in the groups with probiotic supplementation.
Regarding placental morphology, HFD and HFD+PROB showed increased thickness of the
labyrinth zone when compared to CONT+PROB. These findings suggest that the diets used
in this model, as well as probiotic supplementation with Lactobacillus rhamnosus during
pregnancy, did not alter the gestacional viability rate, inflammatory mediators in the
placenta or the biochemical parameters studied. However, HFD promotes an increase in

placental labyrinth zone thickness.

Keywords: Lactobacillus rhamnosus, restrictive diet, high-fat diet, DOHaD, IL-6, TNF-a.
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Key Points:

e Maternal restrictive and high-fat diet for 20 week or probiotic supplementation
with Lactobacillus rhamnosus during pregnancy did not modification the
gestacional viability rate, inflammatory mediators in the placenta or the
biochemical parameters.

e Maternal high-fat diet change de morphology in the placenta.

1. INTRODUCTION

The importance of maternal diet during pregnancy to neonate health is accentuated
by the years of study with the Developmental Origins of Health and Disease (DOHaD)
hypotheses, which says that conditions in utero can have a strong effect on health in
adulthood [1]. It has been reported that the placenta plays an important role in

“programming’’ the susceptibility to diseases in adult life [2].

The placenta mediated maternal health and fetal development providing the primary
nutrient transport, oxygen delivery and hormone production to the fetus [2]. The structure
of the murine placenta consists of layers: the outer maternal layer, decidia basalis, with
maternal vasculature and deciduals cell; the junctional zone with spongiotrophoblast and
parietal trophoblast giant cell layer; and the inner layer, labyrinth, with fetal and maternal
blood, this layer provides the means to communicate and transfer nutrient, gasses and

hormones between mother and fetus [3,4].

Maternal diet can control inflammation at the maternal-fetal interface [5]. Poor
nutrition during pregnancy has been linked to low birth weight and the development of
metabolic diseases such as obesity [1]. Specifically, the high-fat diet (HFD) has been
linked to placental inflammation, cytokine production [6], and increased risk of diabetes
mellitus [7]. Therefore, non-pharmacological interventions that minimize this placental

inflammatory process have become important [8].

Supplementation with probiotics is a non-pharmacological alternative that can be
explored, since evidence shows its anti-inflammatory potential and improves the immune
system [9]. Probiotics are live microorganisms that confer favorable health to the host
when administered in adequate volume [10]. There are a lot of benefits of consuming
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probiotics, such as decreasing cholesterol [11] and lipid levels in serum [12], and anti-
inflammatory effects [13]. Lactobacillus rhamnosus LB1.5, a novel probiotic candidate
used for this study, was isolated from buffalo milk and characterized for its standard
probiotics like the strains demonstrated adhesion ability to Caco-2 cells, co-aggregated
with S. aureus and E. coli and maintained cell viability after gastrointestinal simulation in
vitro, suggesting their probiotic with potential beneficial effects to health [14]. However,
the effects of Lactobacillus rhamnosus LB1.5 on improving inflammatory parameters in

mice placenta and other benefits are still unknown.

Environmental factors, such as maternal nutrition, act early in the animal's life (fetal
life, lactation and early childhood) and are associated with fetal health programming.
Furthermore, during pregnancy, the placenta is the only exchange interface between the
mother and fetus. Considering that the placenta aims to nourish and control the passage of
several substances to the fetus, our objective was to evaluate the effects of interventions in
the maternal diet (caloric restriction and high fat diet) and probiotics supplementation
during pregnancy on morphology, biometry and inflammatory mediators in the placenta, in

addition to maternal serum biochemical parameters.

2. MATERIALS AND METHODS

2.1 Animals

Ten male and 50 female C57BL/6J mice were obtained from the Animal Housing
Facility of Universidade Federal de Ciéncias da Salde de Porto Alegre (UFCSPA).
Animals were properly housed and maintained under controlled temperature (23+£1°C),
humidity (55£5%) and illumination (12 h light/dark cycle; lights on at 7 a.m.) conditions.
All procedures followed the ethical rules established by the guidelines of the Brazilian
Society for Neuroscience and Behavior and the Guide for the Care and Use of Laboratory
Animals of the Institute for Laboratory Animal Research. The Institutional Animal Care
and Use Committee of UFCSPA (#273/20) approved this study. All efforts were made in
order to minimize animal suffering and to use only the number of animals necessary to

produce reliable scientific data.
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2.2 Experimental Procedures

On the 60 day of age the females (N=38), weighing between 14-18 g, were divided
into 5 groups according to the diet received, and housed 5 per cage, with water ad libitum.

Male mice, used for mating, were housed 5 per cage with food and water ad libitum.

Female mice of the control group (CONT) received standard chow (Nuvital, Curitiba,
Brazil) ad libitum, with a total energy content of 3.4 kcal/g (63% carbohydrate, 26%
protein, 11% fat); the restrictive diet group (RD) had a 30% caloric restriction adjusted
according to the consumption of CONT group; the high-fat diet group (HFD) received a
chow (Pragsolugdes Biociéncias, Jau, Brazil) with a total energy content of 5 kcal/g (32.2%
carbohydrate, 10,6% protein, 57.2% fat). Females received their diets according to their
group for 16 weeks. The composition of the diets (standard and HFD) is described in Table
1.

Then, they were housed with male mice, in a ratio of 3:1, for mating. Confirmation of
pregnancy was performed by identifying the copulatory plug in vaginal smears. During

pregnancy, the females were kept in individual cages.

Thus, the females were fed with CONT, RD or HFD diets until mating, after the
confirmation of pregnancy and throughout gestation, the CONT and HFD groups were
divided into 2, to receive probiotics or only the vehicle in which the probiotic was diluted

(skim milk), totaling 20 weeks of dietary intervention.

The new probiotic candidate preparation comprised of Lactobacillus rhamnosus
LB1.5 contained viable counts of 1.3 x 10% cfu/ml. Supplementation with the probiotics
was administered 3 times per week by gavage, and the groups that did not receive new
probiotic candidates were gavaged with skim milk at the same frequency as the probiotic

groups.

The analysis of body weight gain was performed weekly throughout the experiment.
The 5 experimental groups were abbreviated according to the diets received: CONT,
CONT+PROB, RD, HFD and HFD+PROB.
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2.2. Placenta and blood collection

On the 18th day of pregnancy the females were euthanized by decapitation after
receiving an average dose of 240 mg/kg of ketamine and 30 mg/kg of xylazine
intraperitoneally, and trunk blood was collected in sterile tubes. These blood samples were
centrifuged for 10 min, at 1500g and 4 °C. Serum was separated and stored at -80 °C for
biochemical analysis. The placenta of each animal was dissected, rapidly frozen in liquid
nitrogen and stored at —80 °C, and other fragments were formalin-fixed for histological
analysis. In addition, the numbers of total fetal resorption and placentas with live fetuses

were recorded [4].

2.3 Biochemical analysis

The serum concentration of glucose, triglycerides and total cholesterol were
analyzed by enzymatic colorimetric method using commercial kits (Labtest, Brazil)
according to the manufacturer's specifications [15].

2.4 Placental morphology analysis

A placental fragment was fixed in 10% neutral buffered formalin and embedded in
paraffin. Transversal full-face sections, taken from the center of the placental disk and
including the full thickness of the decidua and the full thickness of the labyrinth were
mounted and stained with hematoxylin and eosin [16]. The total thickness of each placental
labyrinth layer was outlined manually and quantified using Image J (National Institutes of
Health, Bethesda, MD,155 USA) [17].

2.5 Cytokines assay

The placenta tissue was homogenized with a RIPA buffer and a protease inhibitors’
cocktail, and then centrifuged for 10 minutes at 8,000 rpm. Total protein concentration was
determined by Bradford protein assay [18]. Multiplexed immunoassay based on Luminex
XMAP technology was performed using Rat Cytokine/Chemokine Magnetic Bead Panels
for measuring ilnterleukin-1a (IL-1a), interleukin-1f (IL-1B), interleukin-6 (IL-6), and
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tumor necrosis factor alpha (TNF-a). Assays were performed according to the

manufacturer’s instructions [19].

2.7 Statistical analyses

The normality of the data was tested by Kolmogorov-Smirnov test. Data were
expressed as mean = S.E.M. Results were analyzed by one-way analysis of variance
(ANOVA) followed by Bonferroni multiple comparison test. Statistical analyses were
made using GraphPad Prism 9 (La Jolla, USA). Differences were considered statistically

significant when p<0.05.

3. RESULTS

Table 2 shows the characteristics of mice pregnancy. There was no significant
difference in the number of pups, fetal resorption, and viability rate when compared dams
from control (CONT), control diet plus probiotics (CONT+PROB), restrictive diet (RD),
high-fat diet (HFD) and high-fat diet plus probiotics (HFD+PROB) groups.

Regarding body weight gain (Figure 2A), we observed a significant increase in body
weight gain from the 13th to 17th week of diet only in the HFD group when compared to
RD (p<0.001) and CONT (p<0.01). During pregnancy (Figure 2B), we observed a
significant increase in body weight in the last week of gestation of the HFD when
compared to dams in the RD and CONT+PROB groups (p<0.05).

The Figure 3 shows the serum biochemical parameters including glucose (A), total
cholesterol (B), and triglycerides (C) of dams fed with standard (CONT), standard plus
probiotics (CONT+PROB), restrictive (RD), high-fat (HFD) and high-fat plus probiotics
(HFD+PROB) diets. We did not find significant differences among the groups studied in

relation to the biochemical parameters (p>0.05).

In the analysis of cytokines in the placental tissue, we did not find any significant
difference when comparing the dams of the studied groups (Figure 4).

The thickness of the labyrinth zone was significantly increased ([F(4,18)=3615;
p=0.024) in the HFD (p=0.040) and HFD+PROB (p=0.040) groups when compared to
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CONT+PROB.

4. DISCUSSION

Our findings showed a significant increase in body weight gain in the group of
females fed HFD from the 13th week of treatment. In the period of pregnancy, when
probiotic supplementation was administered, we found that weight gain occurred only in
the third week of gestation and was greater only in the HFD group. However, a previous
study (20) with Balb/c mice on day 22 postpartum showed no difference in weight gain

with mothers submitted to a restrictive and hypercaloric diet.

Differently from our findings, other studies in the pre-gestational, gestational and
lactation periods demonstrated differences in the biochemical parameters in mice fed with
HFD and with cafeteria (CAF) diet [21,22]. Indeed, studies with male mice in HFD [23] or
rats CAF-fed [24] confirm changes in the body weight and weight gain, and in the
concentration of glucose, triglycerides and total cholesterol in relation to the standard diet
group. It should be noted that the composition of obesogenic diets used in animal models is
highly variable and that most studies are in males, which may explain different results. In
addition, we analyzed these parameters at the end of pregnancy, period of discharge
metabolic demand due to the physiological changes that the maternal organism undergoes

to ensure fetal development and growth.

Another important aspect of our results was to demonstrate that RD, HFD and
probiotic supplementation groups showed no change in the number of fetuses per fetal
resorption and in the viability rate. Our data corroborate those presented by [25, 26, 27]
who also found no differences in the number of fetuses or fetal resorption when HFD, RD

or probiotic supplementation was administered.

The placenta is a highly adaptable organ, it has a high degree of plasticity and is
able to promote changes in the microenvironment whenever it changes. The purpose of this
adaptation is to promote the protection and well-being of the fetus [11]. Some studies have
analyzed the impact of different types of diet on placental histomorphology. Rats HFD-fed
during pregnancy had a decrease in the placenta junctional zone, but no change in the

placental labyrinth zone [28,29]. On the other hand, Sprague-Dawley rats fed an
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obesogenic diet in the same period showed a marked decrease in the maze area compared
to the standard diet group [30]. Besides, a previous study by [31] did not report any
difference in the placental labyrinth zone when comparing HFD mothers with the ones who
received a standard diet. In the present study, we showed that our diet model or probiotic
supplementation increased the thickness of the placental labyrinth zone. Our results
compared the effects of HFD before and during pregnancy, but probiotic supplementation

only occurred during pregnancy.

When we analyzed the RD-fed dams, we found that no layer of the placenta was
altered. Similar findings had already been reported in other studies with mice fed with 50%
calorie restriction throughout gestation (32) or three weeks before mating until day 11.5 of
gestation that showed preservation of the labyrinth zone [33, 34]. This set of evidence

allows us to suggest that there was an adaptation to restricted food.

The placenta is the primary interface between the maternal and fetal environments
and selectively transfers nutrients and oxygen to the fetus, removing waste. This organ
provides a semipermeable bridge for inflammatory molecules present in the maternal
circulation which may influence fetal development [35, 36, 37]. It also contains lipids as
important precursors of hormones and inflammatory mediators that support pregnancy, so
maternal dyslipidemia can impair placental function and impair pregnancy (38).

According to our findings, neither diets offered, nor supplementation with
probiotics affected the concentration of cytokines in the placenta. A similar study with
females HFD (60%) and RD (30% less fat) fed for 8 weeks before pregnancy also showed
no changes in placental cytokines from its inflammation [39]. However, other published
studies have conflicting results where dams fed with HFD showed increased TNF-a and
IL-6 in serum and placenta [31]and increased mRNA expression of IL-13 [31]. Probiotic
supplementation reduced placental TNF-a mRNA at D12 and IL-10 mRNA at D19 in
HFD-treated dams [40].

5. CONCLUSIONS

In summary, nutritional interventions during the reproductive period should always

be used with caution. Our findings suggest that high-fat and calorie-restricted diets, as well
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as probiotic supplementation with Lactobacillus rhamnosus during pregnancy, they do not
cause alterations in the gestacional viability rate, in the inflammatory cytokines in the
placenta and in the studied serum biochemical parameters. However, HFD promotes an
increase in the thickness of the placental labyrinth zone. It is important to highlight
differences such as composition, time of receiving the diet, strains of probiotics, being used

as supplements and the species of the animal model.
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FIGURES LEGENDS

Table 1. Nutritional composition of the standard and high-fat diets.

Table 2. Number of pups, fetal resorption, and viability rate of the dams on the 18th day of
pregnancy fed with standard (CONT, n=8), standard plus probiotic (CONT+PROB, n=5),
restrictive diet (RD, n=9), high-fat (HFD, n=7) and high-fat plus probiotic (HFD+PROB,
n=6). Data are expressed as mean + SEM compared by the one-way ANOVA followed by
Bonferroni multiple comparison test.

Figure 1. Experimental procedure scheme.

Figure 2. Body weight gain of females during treatment weeks (A) and during pregnancy
(B). Data are expressed as mean = SEM compared by the one-way ANOVA followed by
Bonferroni multiple comparison test. * when compared to CONT, ** when compared to
RD.

Figure 3. Serum glucose (A), total cholesterol (B) and triglycerides (C) parameters of the
dams on the 18th day of pregnancy fed with standard (CONT, n=8), standard plus probiotic
(CONT+PROB, n=5), restrictive (RD, n=9), high-fat (HFD, n=7) and high-fat plus
probiotic (HFD+PROB, n=6) diets. Data are expressed as mean £ SEM compared by the
one-way ANOVA followed by Bonferroni multiple comparison test.

Figure 4. Analysis of pro-inflammatory cytokines in the placental tissue of the dams on the
18th day of pregnancy fed with standard (CONT, n=6), standard plus probiotic
(CONT+PROB, n=5), restrictive (RD, n=8), high-fat (HFD, n=10) and high-fat plus
probiotic (HFD+PROB, n=6) diets. Data are expressed as mean £ SEM compared by the
one-way ANOVA followed by Bonferroni multiple comparison test. Abbreviations:
interleukin 6 (IL-6), interleukin 1a (IL-1a), interleukin 1B (IL-1f), and tumor necrosis

factor alpha (TNF-a).
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Figure 5. The thickness of the labyrinth zone of the placenta (18th day of gestation) of
dams fed standard (CONT, n=6), standard plus probiotic (CONT+PROB, n=5), restrictive
diet (RD, n=8), high fat (HFD, n=10) and high fat plus probiotic (HFD +PROB, n=6) diet.
Data are expressed as mean + SEM compared by one-way ANOVA followed by

Bonferroni's multiple comparison test. * when compared to CONT+PROB.



Table 1. Nutritional composition of the standard and HFD diets.

INGREDIENTS (g/kg diet) Standard diet HFD
Carbohydrates 545.0 1722,8
- sucrose 400.0
- corn starch 922.8
- dextrinized starch 360.0
Net protein 225.0

- casein 560.0

Ether extract

- lard 42.0 27000.0
- soybean oil 360.0
Fibrous matter 70.0 0.0
AIN-93 mineral mix 90.0 0.0
AIN-93 vitamin mix 12.0 40.0
Amino acids 16.0 7.2

TOTAL 1000 1000
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Table 2. Number of pups, fetal resorption, and viability rate per dam, fed a control diet
(CONT), control diet and probiotics (CONT+PROB), restrictive diet (RD), high-fat diet

(HFD), and high-fat diet and probiotics (HFD+PROB).

GROUPS Numberdgfrﬁups ber Fetal resorption Viability rate
o 8.250 + 0.526 0.200 £ 0.200 0.876 +0.045

“ON gy " 7.200 £ 0.969 0.400 + 0.244 0.951 £ 0.030
RD (n=9) 611140454 | 0.888+0.351 0.907 £ 0.041
HFD (n=10) 7.000 + 0.471 0.400 £ 0.163 0.949 + 0,021
HFD +PROB (n=6) |  7.500 % 0.428 0.600 + 0.400 0.960 + 0.040

Data expressed as mean + SEM. One-Way analysis of variance followed by Bonferroni

multiple comparison test.
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Figure 1. Experimental procedure scheme
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Figure 2. Body weight gain of females during treatment weeks (A) and during pregnancy
(B). Data are expressed as mean = SEM compared by the one-way ANOVA followed by

Bonferroni multiple comparison test. * when compared to CONT, ** when compared to

RD.
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Figure 3. Serum glucose (A), total cholesterol (B) and triglycerides (C) parameters of the
dams on the 18th day of pregnancy fed with standard (CONT, n=8), standard plus probiotic
(CONT+PROB, n=5), restrictive (RD, n=9), high-fat (HFD, n=7) and high-fat plus
probiotic (HFD+PROB, n=6) diets. Data are expressed as mean £ SEM compared by the

one-way ANOVA followed by Bonferroni multiple comparison test.
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Figure 4. Analysis of pro-inflammatory cytokines in the placental tissue of the dams on the
18th day of pregnancy fed with standard (CONT, n=6), standard plus probiotic
(CONT+PROB, n=5), restrictive (RD, n=8), high-fat (HFD, n=10) and high-fat plus
probiotic (HFD+PROB, n=6) diets. Data are expressed as mean £ SEM compared by the
one-way ANOVA followed by Bonferroni multiple comparison test. Abbreviations:
interleukin 6 (IL-6), interleukin la (IL-1a), interleukin 1B (IL-1B), and tumor necrosis

factor alpha (TNF-a).
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Figure 5. The thickness of the labyrinth zone of the placenta (18th day of gestation) of
dams fed standard (CONT, n=6), standard plus probiotic (CONT+PROB, n=5), restrictive
diet (RD, n=8), high fat (HFD, n=10) and high fat plus probiotic (HFD +PROB, n=6) diet.
Data are expressed as mean + SEM compared by one-way ANOVA followed by

Bonferroni's multiple comparison test. * when compared to CONT+PROB.
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CONCLUSOES

Na literatura encontramos uma heterogeneidade nas metodologias
utilizadas, tais como: diferentes tempos de tratamento, composicoes,
guantidades, modelos animais e uma ampla variedade de cepas bacterianas
testadas como potenciais probiéticos.

Em conclusdo, esses achados sugerem que as dietas utilizadas neste
modelo, assim como a suplementacdo probidtica de Lactobacillus rhamnosus
LB1.5 durante a gestacdo, ndo impactaram os mediadores inflamatérios nos
parametros placentarios e bioquimicos analisados. Por isso, interacdes materno-
fetais carecem de mais estudos para que seus mecanismos sejam melhor

elucidados.
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CEUA —=COMISSAO DE ETICA NO USO DE ANIMAIS

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO
1) PROTOCOLO N°: 273/20

2) DATA DO PARECER: 10 de junho de 2020 Parecer 701/20

3) TITULO DO PROJETO:

Analise de intervenches na dieta, em diferentes fases do desenvolvimento, através da
avaliagiio de parimetros comportamentais, bioquimicos, imunoldgicos e genéticos.

4) PESQUISADOR RESPONSAVEL:

Marcia Giovenardi

5) RESUMO DO PROJETO:

O projeto lem como objenvo avaliar os cleitos de mlervencaes na dieta (resingio caloriea,
probidticos e dieta hipercalorica), em diferentes tases da vida do animal, atraves da analise
de parameiros comporamentais, bioquimicos. imunologicos ¢ gencéticos. A hipolese cenital
deste estudo € que a restricdo caldorica e a administragido de probidficos no periodo
gestacional ¢ lactacional poderao proleger a mlerface malemolelal. além de prevenin na vida
adulta e na senescéncia, o aparecimento de alteracdes metabdlicas. comportamentais,
nmumologicas ¢ gendticas causadas pela alimentacio hiperealonea ao longo da vida. Para
testar essa hipdtese. este projeto propde a ufilizacdo de camundongos machos (n=110 e
féemeas (n 100) da linhagem CS57BL/0J, mantidos no biotério da UFCSPA, que serdo
divididos em 1 experimentos. Para os experimentos I e 1L as fémeas (n=10/gupo) receberao
um dos 5 diferentes tipos de dieta: dieta controle (CONT. dieta padrao, ad [ibiiunr); dieta
restritiva (RD. reducdo de 10" da dieta padrao), dieta controle | probidtico (PB), dieta
hipercalorica (HD, dieta com cerca de 30% a mais de Kcal do que a dieta normal. ad
libitum) e dieta hipercalorica | probidtico (11D 1 PB. dieta com cerca de 30% a mais de Kcal
do que a dieta normal, ad 7ibifin) e livie acesso a agua. O probiotico sera administrado
diariamenic por gavagem. Ja para os experimenios TTT ¢ TV, machos (1=10/grupo) com 21
dias de 1dade. apos o desmame, também receberdo um dos 5 diferentes tipos de dieta e
passarao por lesles de comportamento g0 longo da vida. No malenal biologico coletado
serdo determinados os niveis das citocinas pro e anti-inflamatorias, dcidos graxos e fator de
creseimento na placenta; os nivels das citocinas  pro-mflamatonas no hipotalamo,
hipocampo e cortex cerebral. Também serd avaliada a permeabilidade da barreira
hematoencefilica, o estado de ativagac microglial e astrocitaria no cortex cerebral e
hipocampo: o nivel de mfiltracao linfocitaria no tecido nervoso: a expressdo da sirtuina-1,
do tol-like recepior-4 (TLR-4) ¢ NLRP3 no hipocampo e no cortex cerebral; a
neuroplasticidade no hipotalamo, hipocampo e cortex cerebral; e. a expressdo do POMC e
receptor de leptina no hipotalamo. Os dados estudados serdo expressos por media = erro
padrio. e analisados quanto a normalidade. Os dados paramétricos serdo analisados por
ANOVA de um ou duas vias {de acordo com o objetivo) seguida de Post-Hoc e, 0s nio-
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paramétricos serdo analisados por Kmskal-Wallis. O nivel de significancia aceito sera de
p<0.05.
8) OBJETIVOS DO PROJETO:

Objetive geral:

Avaliar os eleilos de ntervencoes na dieta  de machos (resligao calorica. probiolicos e
dieta hipercaldrica), em diferentes fases da vida do animal, arravés da andlise de parametros
comportamentass, bioquimicos, imunoldgicos ¢ genéticos.

Objetivos especificos:

- Delenuinar os nivels das citocinas pro-imflamatonas ¢ anti-inflamalonias, dcidos @axos e
fator de crescimento na placenta das mies:

- Determuinar os mivels das cilocinas pro-inflamalonas no hipotalano, lipocapo e corlex
cerebral:

- Avaliar a permeabulidade da barreira hematocncefalica;

- Avaliar o estado de ativagao microghal e aslrociléna no corlex cerebial e hipocampo:

- Avalar o mvel de mliliragao linfocitana uo lecido nervoso;

- Analisar a expressio da sirhuna-1. do rof-fike receptor-4 (I'1.R-4) e NL.RP3 no hipocampo
¢ 1o corlex cerchbral;

- Avaliar a neuroplasticidade no hipotalamo. hipocampo e cortex cerebral:

- Analisar a expressdo do POMC ¢ receptor de leptina no hipotalamo.

7) FINALIDADE DO PROJETO: ___ Ensino  [X_ Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo Il Adequado I:l Comentarios
Introdugéo X | Adequada | | Comentarios
Objetivos | X Adeguados | | Comentarios
Relevéncia e Justificativa [ X Adequados [ | Comentarios
Materiais e Métodos | X Adequados | | Comentarios

Cronograma para execugao da pesquisa Adequado [ __| Comentarios

Orgamento e fonte financiadora X Adequados Comentarios

Referénclas Blbllograficas X Adequadas Comentarios

9) 0 PROJETO ESTA ADEQUADO A LEGISLAGAO VIGENTE:

X  Sim | Nzo
10) INFORMAGCOES RELATIVAS AOS ANIMAIS:
Grau de dor/estresse: B | x ¢ | D | E | |
Justifique:
Espécie: Camundongo da linhagem C37BL/GT Numero Amostral: 265
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Data de Inicio: 01/06/2020 e Data de Término: 31/05/2023

Comentarios gerais sobre o projeto:
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