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RESUMO

A influéncia do consumo de alimentos ultraprocessados ou ricos em gordura desde
antes da concepgao e durante a gestagdo sobre o transporte de nutrientes na
placenta tem sido foco de muitos estudos experimentais devido a importancia desta
atividade placentaria no desenvolvimento fetal e saude na vida adulta. O objetivo
desta dissertacdo foi produzir uma revisdo sistematica sobre a relacdo entre o
consumo de dietas ricas em gordura e a expresséo de transportadores de nutrientes
na placenta. Foram utilizadas cinco bases de dados: PubMed, EMBASE, Web of
Science, Scopus e LILACS e as buscas foram realizadas utilizando termos MeSH e
termos livres relacionados a dieta, periodo de manipulagdo e tecido estudado. A
busca e selecdo dos artigos foi realizada por dois revisores. No total foram
encontrados 1.390 artigos e, apos avaliagao dos critérios de inclusao e exclusao, 15
artigos foram selecionados para esta revisdo. Dentre os transportadores de glicose,
GLUT1 apresentou aumento de expressao em 50% dos artigos onde foi avaliado,
enquanto GLUT3 e GLUT4 apresentaram resultados mistos. Dos transportadores de
aminoacidos avaliados, SNAT2 teve expressdao aumentada em 80% dos artigos, ao
passo que, SNAT4 nao apresentou alteragdes quando avaliados. Em relacdo ao
transporte de acidos graxos, FATP2, FABP3 e FABP6 apresentaram aumento de
expressdo nos unicos artigos que os estudaram, enquanto FATP1 e FATP4
apresentaram resultados mistos e FATP3 n&o esteve alterado quando avaliado. Nos
desfechos secundarios, na maioria dos artigos, os pesos da placenta e do feto nédo
foram modificados pela dieta materna. As diferengas metodoldgicas, como, por
exemplo, do percentual de gordura oferecido em cada dieta obesogénica, podem

explicar avariagao entre os estudos apresentados na revisao.

Palavras-chave: dieta materna; gestagao; placenta; nutrientes; roedores.



ABSTRACT

The influence of the consumption of ultra-processed or high-fat foods from before
conception and during pregnancy on the transport of nutrients in the placenta has
been the focus of many experimental studies due to the importance of this placental
activity in fetal development and health in adult life. The objective of this dissertation
was to produce a systematic review about the relationship between the consumption
of high-fat diets and the expression of nutrient transporters in the placenta. Five
databases were used: PubMed, EMBASE, Web of Science, Scopus and LILACS and
searches were carried out using MeSH terms and free terms related to diet, period of
manipulation and tissue studied. The search and selection of articles was carried out
by two reviewers. In total, 1,390 articles were found and, after evaluating the
inclusion and exclusion criteria, 15 articles were selected for this review. Among the
glucose transporters, GLUT1 showed increased expression in 50% of the articles
where it was evaluated, while GLUT3 and GLUT4 showed mixed results. Of the
amino acid transporters evaluated, SNAT2 had increased expression in 80% of the
articles, while SNAT4 showed no changes when evaluated. Regarding the transport
of fatty acids, FATP2, FABP3 and FABP6 showed increased expression in the only
articles that studied them, while FATP1 and FATP4 showed mixed results and
FATP3 was not altered when evaluated. In the secondary outcomes, in most articles,
the weights of the placenta and fetus were not modified by the maternal diet.
Methodological differences, such as, for example, the percentage of fat offered in
each obesogenic diet, may explain differences between the studies presented in the

review.

Keywords: maternal diet; pregnancy; placenta;nutrient; rodents.



LISTA DE ABREVIATURAS
AA: acido araquiddnico
COX2: Ciclo-oxigenase-2
DCNT: doencas cronicas ndo transmissiveis
DHA: acido docosaexaenoico
FABP: proteina de ligagdo a acidos graxos
FAT; CD36: translocase de acidos graxos
FATP: proteinas transportadoras de acidos graxos
GLUT: proteinas transportadoras de glicose
MB: membranas basais voltadas para o feto
MRNA: RNA mensageiro
MVM: microvilosidade voltada para a mae
NEFA: acidos graxos que circulam como nao esterificados
OMS: Organizagdo Mundial da Saude
PG: prostaglandinas
Pla2g2a:fosfolipase A2
SLC: carreadores de soluto
STB: sinciciotrofoblasto multinucleado

TLR4: Toll-like receptor 4
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1 INTRODUGAO

A urbanizacdo e a industrializagdo tém impactado significativamente os
padrées alimentares das populagbes ao redor do mundo(MARIATH et al., 2007).
Essas mudancas estdo frequentemente associadas a uma transicado de uma dieta
tradicional, baseada em alimentos frescos e minimamente processados, para uma
dieta mais ocidentalizada, caracterizada por uma maior ingestdo de alimentos
altamente processados, ricos em gorduras, acgucares e sal. (MARIATH et al., 2007).
Essas alteracbes nos padrbes alimentares, juntamente com um estilo de vida
sedentario, sao fatores de risco importantes para o desenvolvimento de doencas
cronicas nao transmissiveis (DCNT), como obesidade, diabetes mellitus, doengas

cardiovasculares, hipertensao arterial e varias outras (Ministério da Saude, 2021).

A obesidade é considerada uma DCNT, que tem como caracteristica o
acumulo excessivo de tecido adiposo corporal (WHO, 2003). Essa condigdo esta
associada a uma série de complicacbes de saude, incluindo doencas
cardiovasculares, diabetes tipo 2, hipertensao, certos tipos de cancer e problemas
musculoesqueléticos, entre outros (SHIN e KANG, 2017). Além disso, a obesidade
esta frequentemente associada a inflamagao subclinica, que pode contribuir para o
desenvolvimento de outras condigdes crénicas(SHIN e KANG, 2017).Complicagdes
como diabetes gestacional, pré-eclampsia e aborto espontdneo podem ser
ocasionadas devido a obesidade materna e o consumo de alimentos n&o saudaveis
durante a gestagcédo (DENISON et al., 2010a).

A placenta, que desempenha um papel vital durante a gestagao, fornecendo
oxigénio e nutrientes ao feto, removendo residuos e toxinas, e produzindo
hormonios essenciais para o desenvolvimento fetal, pode sofrer insultos em casos
de obesidade na gestacdo (PAZINATO et al.,, 2016). Estudos sugerem que a
adaptabilidade da placenta, ou seja, sua capacidade de responder a mudangas no
ambiente materno, pode ter um impacto significativo no planejamento do
desenvolvimento fetal e na propagacéao vertical do risco de doengas metabdlicas e
cardiovasculares (REYNOLDS et al., 2015b).

Dentre as alteragdes que sao observadas devido a dieta materna rica em
gordura durante a gestagdo estdo mudangas nos transportadores de nutrientes
(SFERRUZZI-PERRI et al., 2013; NAM et al., 2017; SONG et al., 2017;
LOUWAGIEet al., 2018; ZHAO et al., 2018; WALLACE et al., 2019; SISSALA et al.,



2022; ZHENG, HU e WU, 2022). Tendo sido observado desde aumento no
transporte de acidos graxos (NAM et al., 2017; ZHAO et al., 2018),aminoacidos
(SFERRUZZI-PERRI et al., 2013; SONG et al., 2017) ou glicose (WALLACE et al.,
2019; SISSALA et al.,, 2022), até mesmo artigos onde a dieta materna néo
influenciou os sistemas de transportadores(LIN et al., 2011; SANCHES et al., 2022)
ou esse transporte foi reduzido (LOUWAGIE et al., 2018; ZHENG, HU e WU, 2022).
Essas modificacbes nos transportadores podem ou nao estar associada a
modificagdes no peso ao nascer, sendo observado desde aumento(JOSELIT et al.,
2018), a reducao(SFERRUZZI-PERRI et al., 2013) ou ndo modificacao(LIN et al.,
2011; SONG et al., 2017) nesse desfecho fetal.

Considerando as diferentes respostas dos sistemas de transporte de
nutrientes da placenta a modificacao da dieta materna, € importante a consolidacao
desses achados através de uma sistematizacdo metodoldgica. Esta dissertagéo
apresenta uma revisao sistematica realizada em bases de dados indexadas dos
trabalhos que utilizaram dieta materna obesogénica e estudaram a sua influéncia no
transporte placentario de nutrientes. Sdo também apresentados desfechos maternos
e fetais que podem influenciar ou serem influenciados pelas alteragcbes nos
transportadores. Deste trabalho, resultou um artigo de revisao sistematica que sera
submetido para publicagio.
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2 REFERENCIAL TEORICO
2.1 Plasticidade Fenotipica

A plasticidade fenotipica € a capacidade de um unico genétipo de originar
mais de uma forma alternativa de morfologia, estado fisiolégico e/ou comportamento
em resposta as diversas condigbes ambientais(WEST-EBERHARD e
SYSTEMATICS, 1989). Insultos ou estimulos ambientais ocasionados nos periodos
criticos de desenvolvimento podem operar nos processos de plasticidade fenotipica
levando a mudancgas na trajetoria de desenvolvimento do organismo (GLUCKMAN et
al., 2005).

Periodos criticos de desenvolvimento sdo os periodos iniciais de crescimento
e desenvolvimento no qual ocorrem rapida multiplicacdo e diferenciagcao celular.
(MORGANE et al., 1993; BELUSKA-TURKAN et al., 2019). A nutricdo € considerada
uma das variagdes descritas nos estudos da plasticidade fenotipica e mudangas na
disponibilidade de nutrientes no decorrer dos periodos criticosagem alterando o
desenvolvimento de sistemas fisiologicos(WEST-EBERHARD, 1989).Ocorre maior
susceptibilidade no desenvolvimento de DCNT na vida adulta quando acontecem

insultos ambientais na vida uterina ou no decorrer da infancia (BARKER, 2007).

Um estudo demonstrou que fetos gerados por ratas em dieta obesogénica
(40% de gordura) apresentaram aumento de peso significativo de 18% em
comparagdo com fetos gerados por ratas em dieta controle (10% de gordura) (DIAZ
et al., 2015). Ratas obesas geraram filhotes com maior peso corporal no primeiro dia
pos-natal quando comparados a filhotes ratas alimentadas com dieta
controle(BARIANI et al., 2020). Essa alteragao de peso permaneceu nos dias 7, 14 e
21 apdés o nascimento dos filhotes(BARIANI et al., 2020). Além disso, essa prole
também apresentou colesterol total e colesterol HDL mais altos a prole dieta
controle(BARIANI et al., 2020).

No periodo gestacional, a influéncia da nutricdo sobre o desenvolvimento do
feto pode ser mediada pelo funcionamento da placenta(BARKER e THORNBURG,
2013). Modificagdes na formagao e funcionamento da placenta podem levar a
alteracdo no desenvolvimento fetal imediato, assim como problemas de saude
futuros (BARKER e THORNBURG, 2013). Baixo ou elevado peso ao nascer devido
as condi¢cdes de nutricdo fetal foram correlacionados com doengas metabdlicas e
cardiacas na vida adulta (BARKER e THORNBURG, 2013). E importante entender
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como alteragdes nutricionais maternas, principalmente com aumento do consumo de
lipideos, podem afetar a nutricdo fetal e seu ganho de peso durante a gestagao

considerando a grande importancia deste periodo para a saude a longo prazo.

2.2 Gestacao e Formacgao da Placenta

O processo de fecundagédo € o primeiro passo na formacdo de um novo
organismo humano (NORWITZ, SCHUST e FISHER, 2001) Quando um o&vulo é
fertilizado por um espermatozoide, forma-se o zigoto, que é uma unica célula que
contém a combinagdo de material genético do pai e da mae(MOORE, PERSAUD e
TORCHIA, 2020). A partir dai, esse zigoto comecga a se dividir e se desenvolver em
um embrido, que passa por muitos estagios de desenvolvimento antes de se tornar
um feto(NORWITZ, SCHUST e FISHER, 2001). Durante esse periodo, ha rapida
proliferagcdo e diferenciacdo de células que dara origem a todos os 6rgaos e
sistemas do corpo humano (MOORE, PERSAUD e TORCHIA, 2020).

A gestacdo em humanos dura cerca de 40 semanas, sendo dividida em trés
trimestres, pois cada trimestre tem suas proprias caracteristicas e marcos de
desenvolvimento(LOWDERMILK e PERRY, 2008). O primeiro trimestre € um periodo
critico, pois é quando a maioria dos o6rgaos comega a sua formagao; o segundo
trimestre € marcado pelo crescimento rapido do feto; enquanto o terceiro trimestre
envolve principalmente o crescimento e a preparagao para o nascimento(NORWITZ,
SCHUST e FISHER, 2001). Em contraste, a gestacdo em roedoresé muito mais
curta, durando cerca de 21 a 22 dias, em ratos, e cerca de 18 a 19 dias, em
camundongos (NORWITZ, SCHUST e FISHER, 2001).

As duas primeiras semanas de gestacdo s&o um periodo critico no
desenvolvimento humano, pois € durante esse momento que ocorrem muitos dos
eventos-chave na formagdo do embrido (NORWITZ; SCHUST; FISHER, 2001).
Nesse periodo ocorrem as seguintes fases: (1) Fase do zigoto: inicia-se com a
fertilizagc&o, criando uma célula unica, chamada zigoto, que passa por varias divisdes
celulares, conhecidas como clivagens, enquanto se move pela tuba uterina em
diregdo ao utero(NORWITZ; SCHUST; FISHER, 2001); (2) Mérula: apés varias
divisdes celulares, o zigoto se transforma uma massa compacta de cerca de 16
células, chamada de mérula quando comecga a ocorrer a compactacao das células,
que leva a formagdo de duas regides distintas: o embrioblasto e o trofoblasto
(BURTON; FOWDEN; THORNBURG, 2016); (3) Blastocisto: a moérula continua a se
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desenvolver e, quando atinge o utero, ela se enche de liquido, formando uma
cavidade interna chamada blastocele, passando a ser chamada de blastocisto que é
composto por duas partes principais: o embrioblasto, que dara origem ao embrido
propriamente dito, e o trofoblasto, que dara origem a placenta e as membranas
extraembrionarias (NORWITZ; SCHUST; FISHER, 2001).

A placenta desempenha papel crucial no fornecimento de nutrientes e
oxigénio para o feto e na remogao de residuos metabdlicos, além de produzir
horménios importantes durante a gravidez, como o horménio gonadotrofina coriénica
humana (hCG) e progesterona, e proteger o feto contra substéncias nocivas
(BURTON; FOWDEN; THORNBURG, 2016). O processo de implantagao
embrionaria em roedores e primatas, incluindo os humanos, culmina na formagao de
uma placenta do tipo hemocorial KANASHIRO, 2011).Nesse processo, as células
trofoblasticas do embrido invadem o tecido uterino, estabelecendo contato intimo
com o estroma endometrial e os vasos sanguineos maternos(KANASHIRO, 2011).
Isso deriva em uma placenta que se incorpora profundamente na parede
uterina(KANASHIRO, 2011).

A placenta é formada por tecidos provenientes tanto da mae quanto do feto
(BURTON, JAUNIAUX e GYNECOLOGY, 2015). Do lado materno da interface
materno-fetal, a placenta é formada pelo tecido materno, que inclui as células do
estroma uterino, o endotélio vascular e as células do sistema imunolégico
(KANASHIRO, 2011).A parte fetal da placenta humana se desenvolve a partir do
trofoectoderma fetal, que é a camada mais externa do blastocisto(DUMOLT,
POWELL e JANSSON, 2021).Ap6s a implantacdo do blastocisto no utero, o
trofoectoderma se diferencia em citotrofoblastos mononucleares vilosos(DUMOLT,
POWELL e JANSSON, 2021).0s citotrofoblastos podem se diferenciar em
trofoblastos extravilosos ou se fundir para formar o sinciciotrofoblasto multinucleado
(STB)(DUMOLT, POWELL e JANSSON, 2021). Durante as primeiras semanas apos
a implantacdo, os citotrofoblastos se multiplicam rapidamente e formam a arvore
vilosa trofoblastica, que €& forrada por uma camada externa continua de
STB(DUMOLT, POWELL e JANSSON, 2021). Apos o estabelecimento da circulagéo
uteroplacentaria no final do primeiro trimestre da gravidez, o STB fica diretamente
exposto ao sangue materno no espaco interviloso(DUMOLT, POWELL e JANSSON,
2021).
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Nos ratos e camundongos, a placenta é composta pela zona do labirinto, zona
basal, decidua basal e as glandulas metriais(FURUKAWA et al., 2013). A zona do
labirinto € uma parte da placenta composta por trés camadas de trofoblastos que
separam o0 sangue materno dos vasos sanguineos fetais(ENDERS, 1999).0
trofoectoderma externo é a camada que entra em conexao direta com o sangue
materno (FURUKAWA et al.,, 2013). A zona basal é constituida por trés tipos de
células, incluindo espongiotrofoblastos, células gigantes trofoblasticas e células de
glicogénio (FURUKAWA et al, 2013).Essas células desempenham diferentes
funcdes na interface entre a placenta e o utero materno (CLINE et al., 2014). O
componente materno é denominado decidua e é derivado do endométrio materno
(CARUSO et al.,, 2012). A porgdo materna da placenta (deciduas) serve para
ancorar a placenta ao endométrio durante gestacdo (CARUSO et al, 2012).A
decidua basal é formada por células deciduais mesométricas e realiza papel
indispensavel no andamento da interface do sistema vascular decidual-
placentaria(CLINE et al., 2014).Célulasestromais endometriais acidualizadas, células
natural killer uterino, artérias espinhais e trofoblastos compdéem a glandula metrial,
localizada no utero gravido(CARTER et al., 2006)

Como descrito acima, todas as partes do desenvolvimento da placenta sdo de
extrema importancia para a evolugdo do feto de forma saudavel, sendo
indispensavel o conhecimento desse processo para ampliar a compreensdo da

influéncia desse 6rgao no transporte de nutrientes.

2.3 Transporte de Macronutrientes Através da Placenta

Através da membrana plasmatica, a membrana placentaria realiza varios tipos
de transportes, como difusdo simples e facilitada(BROLIO et al., 2010). Através de
moléculas ou agregados de proteinas enzimaticas, a membrana placentaria também
realiza pinocitose e transporte ativo (BROLIO; AMBROSIO; FRANCIOLLI, 2010).
Alguns nutrientes tém a permeabilidade livre na membrana placentaria, como agua,
eletrélitos e alguns elementos inorganicos como calcio, ferro, fosforo e iodo
(BROLIO et al., 2010).A restricdo de crescimento intrauterino ou até mesmo a morte
embrionaria pode ser uma consequéncia da reducdo da capacidade de transporte
placentario de nutrientes(WATSON e CROSS, 2005).

Todos os nutrientes utilizados pelo feto para producdo de energia e

crescimento sao transportados para o feto pela placenta (BROLIO et al,
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2010).Alguns substratos, como glicose e acidos graxos, sao transportados por
proteinas transportadoras facilitadoras de acordo com a cinética do gradiente de
concentragdo materno-fetal (BROLIO et al., 2010). Tais gradientes sdo o resultado
da utilizagdo desses substratos pela placenta e pelo feto (BROLIO et al., 2010).

Os transportadores de nutrientes na placenta fazem parte de uma grande
familia de proteinas com essa fungdo, conhecida como Solute Carrier (SLC,
carreadores de soluto) (ZHANG et al., 2019). O transporte de glicose por meio da
placenta é regulado pela familia das proteinas transportadoras de glicose (GLUT),
localizada em ambos os lados da barreira placentaria (JAMES-ALLAN et al., 2019).
A familia GLUT (SLC2A) inclui mais de uma duzia de diferentes isoformas de
transportadores de glicose(SIBIAK et al., 2022). A proteina GLUT1 (SLC2A1) é
comumente expressa em numerosos tecidos humanos, incluindo a placenta (SIBIAK
et al., 2022). A permeabilidade da membrana plasmatica basal e a densidade do
GLUT1 em sua superficie sdo dois dos reguladores mais relevantes da difuséo
facilitada da glicose (BARTA e DRUGAN, 2010).

A proteina GLUT3 (SLC2A3) humana fornece um transporte de glicose de alta
afinidade para 6érgéos e tecidos cruciais, altamente dependentes do fornecimento
constante de glicose, mesmo durante a hipoglicemia (SIBIAK et al., 2022). A
presenca de GLUT3 nas células sinciciais da placenta foi confirmada em todas as
idades gestacionais (BROWN, 2011). Outros relatos revelaram a presenga de
expressao da proteina GLUT3 nas células endoteliais vasculares da placenta
(BROWN, 2011).Em ratos, o GLUT1 é encarregado pelo fornecimento de glicose
para placenta, como fonte de energia, enquanto o GLUT3 conduz a glicose para o
feto (SANCHES et al., 2022).Aisoforma GLUT4 (SLC2A4) fornece o transporte de
glicose dependente de insulina em variosorgaos e tecidos sensiveis a insulina, como
figado, tecido adiposo e musculos (SIBIAK et al., 2022).0 GLUT4é expresso
principalmente na membrana basal sincicial voltada para o feto do sinciciotrofoblasto
e o sinal GLUT4 também foidetectado no citosol de células sinciciais a termo e

células estromais e endoteliais intravilosas(ZHANG et al., 2015).

Todos os transportadores de aminoacidos na placenta também s&o membros
da familia SLC(CLEAL et al.,, 2011). Existem mais de 20 transportadores de
aminoacidos distintos descritos, e cada um é responsavel pela absor¢cao de varios

aminoacidos diferentes (JANSSON, 2001). Os transportadores de aminoacidos
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desempenham um papel crucial na transferéncia de nutrientes da mae para o feto
através da placenta (CLEAL et al., 2011). Esses transportadores sdo categorizados
em trés classes funcionais:transportadores acumulativos, permutadores e
facilitadores (CLEAL et al., 2011). A coordenacgao entre essas diferentes classes de
transportadores é crucial para garantir que o feto receba todos os aminoacidos
necessarios para o seu crescimento e desenvolvimento adequados (CLEAL et al.,
2011). Eles trabalham em conjunto tanto na microvilosidade voltada para a méae
(MVM) quanto nas membranas basais voltadas para o feto (MB) do
sinciciotrofoblasto, garantindo uma transferéncia eficiente de nutrientes ao longo da
interface materno-fetal (CLEAL et al., 2011).

Alguns aminoacidos sao transportados seletivamente por umsistema unico,
enquanto outros podem ser transportados porvarios sistemas de
transporte(BATTAGLIA e REGNAULT, 2001). Os transportadores acumulativos,
como os da familia SLC1 e SLC7, desempenham um papel fundamental na
captacao de aminoacidos especificos pela microvilosidade voltada para a mae
(MVM) do sinciciotrofoblasto (CLEAL et al., 2018). Eles movem ativamente esses
aminoacidos contra um gradiente de concentracdo, utilizando energia na forma de
ATP para fazé-lo (CLEAL et al., 2018). Uma vez que esses aminoacidos sao
transportados para o interior do sinciciotrofoblasto, eles criam um gradiente de
concentragéo através da membrana da MVM (CLEAL et al., 2018). Esse gradiente
impulsiona a captacdo de outros aminoacidos extracelulares através de
transportadores de aminoacidos permutadores (CLEAL et al., 2018). Esses
permutadores aproveitam o gradiente estabelecido pelos transportadores
acumulativos para facilitar a entrada de outros aminoacidos para dentro do
sinciciotrofoblasto, movendo-os em troca dos aminoacidos que foram acumulados
previamente (CLEAL et al., 2018). Essa cooperagdo entre os transportadores
acumulativos e os permutadores permite uma captacao eficiente de uma ampla
gama de aminoacidos pela placenta, garantindo um suprimento adequado de

nutrientes para o feto em desenvolvimento (CLEAL et al., 2018).

Nas MB do sinciciotrofoblasto, os transportadores facilitadores (SLC16A10 e
SLC43) medeiam a rede deefluxo de aminoacidos especificos através da MB para a
circulagao fetal ao longo do seu gradiente de concentracdo (CLEAL et al., 2011).

Esses aminoacidos podem ser trocados por outrosaminoacidos através de
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transportadores de aminoacidos permutadores para garantir que todos os

aminoacidos necessarios sejam transferidos para o feto (CLEAL et al., 2018).

Os dois sistemas de transporte de aminoacidos mais estudados da placenta
sdo Sistema A e Sistema L (JANSSON, 2001). O sistema A é um sistema de
transporte acumulativo dependente de sodioqueauxiliano transporte de pequenos
aminoacidos neutros,como alanina, serina e glicina na célula(MANTA-VOGLI et al.,
2020). A atuacdo do sistema A estd presente em ambas as membranas
sinciciotrofoblasticas, mas € mais expressa noMVM(MANTA-VOGLI et al., 2020). O
Sistema L é um permutador sodio-independente encarregado do transporte de
grandes aminoacidos neutros (VERREY, 2001). Ele troca aminoacidos nao-
essenciais, predominantemente, por aminoacidos essenciais com ramificacdoou
cadeia lateral volumosa, como a leucina e sua atividadedepende da atividade dos
outros sistemas para fornecer os aminoacidos que conduzem a fungao de troca do
sistema L. (VERREY, 2001).

As trés isoformas do sistema A, SNAT1 (SLC38A1), SNAT2 (SLC38A2), e
SNAT4 (SLC38A4) sdo expressas no primeiro e terceiro trimestres da placenta
humana (DESFORGES et al., 2009).0 sistema transportador L € formado por uma
proteina de cadeia leve chamada grande transportador de aminoacidos neutros
(LAT)1 (SLC7A5) ou LAT2 (SLC7A8), juntamente com uma proteina transmembrana
de cadeia pesada 4F2hc/CD98 (SLC3A2)(VERREY, 2003).

Os perfis lipidicos maternos também desempenham um papel crucial no
desenvolvimento fetal( KULKARNI et al., 2013). A absor¢cdo de acidos graxos pela
placenta a partir da circulagdo materna € um processo fundamental para fornecer os
nutrientes necessarios para o crescimento fetal( KULKARNI et al., 2013). Esses
acidos graxos sdo entao utilizados como precursores para a sintese de varias
moléculas bioativas, incluindo fosfolipidios, prostaglandinas e outros compostos

importantes para o desenvolvimento adequado do feto (KULKARNI et al., 2013).

Os acidos graxos fornecem energia ao feto e sdo os blocos de construgao
para membranas plasmaticas (LEWIS, WADSACK e DESOYE, 2018).0s
mecanismos e a regulagdo da transferéncia de acidos graxos placentarios tém
implicagbes para o desenvolvimento fetal e sua saudeao longo da vida (LEWIS,
DESOYE e METABOLISM, 2017). Em particular, a transferéncia materno-fetal de

acido araquidoénico (AA) e acido docosaexaenoico (DHA) € de muita importancia



17

para o feto, porque ambos sédo acidos graxos essenciais e desempenham o papel de
precursores de substancias vasoativas (LEWIS, 2018).

Os &cidos graxos, que circulam como nao esterificados (NEFA) ligados a
albumina, podem dissociar-se da albumina e atravessar a membrana plasmatica do
sinciciotrofoblasto (LEWIS, 2018). Apds atravessar o sinciciotrofoblasto, os acidos
graxos difundem-se através das vilosidades placentarias (LEWIS, 2018). Tanto no
plasma como nos tecidos, a maior parte dos acidos graxos € esterificada em
triglicerideos e fosfolipidiose antes de entrar na sincronizagéo do sinciciotrofoblasto,
os acidos graxos esterificados de diferentes reservas terdo que ser hidrolisados por
lipases (LEWIS, WADSACK e DESOYE, 2018).

O transporte de acidos graxos (FATP) é realizado através da familia SLC27
que é composta por seis genes (SLC27 1-6) que cifram as proteinas transportadoras
de acidos graxos (FATP 1-6)(ANDERSON e STAHL, 2013). As proteinas FATP
desempenham um papel crucial no transporte de acidos graxos através das
membranas celulares (ANDERSON e STAHL, 2013). Elas sdao encontradas nao
apenas nas membranas placentarias, mas também em varios outros 6rgaos do
corpo (ANDERSON e STAHL, 2013). A expresséo das proteinas FATP é regulada
positivamente quando séo estimuladas por seus ligantes, que incluem acidos graxos
e seus derivados(SEGURA et al., 2017). Esse mecanismo de regulagao permite que
as células respondam as demandas metabdlicas, aumentando a capacidade de
transporte de acidos graxos quando ha uma maior disponibilidade desses
nutrientes(SEGURA et al., 2017). Outros transportadores de acidos graxos incluindo
um transportador de membrana especifico da placenta ligada proteina de ligagao a
acidos graxos (FABP) e translocase de acidos graxos (FAT; CD36)tambémestéao
localizados na membrana plasmatica do sinciciotrofoblasto(LEWIS, WADSACK e
DESOYE, 2018)LEWIS, 2018). Kazantzis e Stahl (2012) relataram que os FATP da
membrana celular, com a ajuda de FAT/CD36, sdo essenciais para a absorgao

celular de acidos graxos de cadeias longas.

Os efeitos da dieta materna e do estado metabdlico sobre a placenta podem
ser avaliados diretamente por meio de modificagdesna composig¢ao lipidica do
plasma materno ou, indiretamente,através do estado enddcrino materno alterado
consequentes das mudangas na dieta ou efeitos na composi¢cao corporal (LEWIS,
WADSACK e DESOYE, 2018). Embora ainda ndo sejam claros os mecanismos
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pelos quais fatores maternos afetam a fungdo placentaria, a placenta pode estar
respondendo a estimulos hormonais e sinais nutricionais (LEWIS, WADSACK e
DESOYE, 2018). Ha evidéncias de que a dieta materna modifica aconstituicao
lipidica central e o metabolismo e a composigao dietética pode modificar diretamente
o pool de acidos graxos disponiveis para absor¢do pela placenta (LEWIS,
WADSACK e DESOYE, 2018). Lewis (2018) sugere que a dieta da méae
desempenha papel significativo na modificacdo do perfil lipidico, e, por

consequéncia, afeta a oferta de acidos graxos ao feto através da placenta.

2.4Dieta Hiperlipidica, Obesidade e Funcao Placentaria

Segundo a Organizagdo Mundial da Saude (OMS) em 2016, cerca de 39%
das mulheres e 39% dos homens acima de 18 anos, em todo o mundo, estava com
sobrepeso (WHO, 2016). No Brasil, em 2021, 57,2% da populagdo adulta estava
acima do peso (BRASIL, 2021). Cerca de 22,6% das mulheres com mais de 18 anos
no Brasil estavam obesas em 2021(BRASIL, 2021).A obesidade pode afetar a
funcao reprodutiva de varias maneiras e esta associada a uma série de problemas
que podem dificultar a concepcao e aumentar o risco de complicacdes durante a
gravidez (TALMOR et al., 2015).

Diversos estudos tém estabelecido relacdo entre a obesidade e a fertilidade
feminina(BUTLER et al., 2015). A obesidade pode desencadear uma série de
complicagbes que vao desde disturbios hormonais até problemas de
desenvolvimento embrionario e aumento do risco de aborto espontaneo (PASQUALI
et al., 2007; BEST, BHATTACHARYA e INVESTIGATION, 2015; MESSINIS et al.,
2015; SCHULTE, TSAI e MOLEY, 2015). O aumento do numero de mulheres com
obesidade em idade reprodutiva € uma tendéncia preocupante que tem implicacoes
significativas para a saude reprodutiva e o desenvolvimento da prole (TARRY-
ADKINS e OZANNE, 2017). O consumo excessivo de calorias, frequentemente na
forma de dietas hiperlipidicas ou altamente energéticas, tem sido objeto de estudo
em modelos animais para entender melhor seus potenciais impactos na gestagao e
no desenvolvimento da prole(TARRY-ADKINS e OZANNE, 2017).

O consumo de dieta hiperlipidica e a obesidade podem ter impactos
significativos na morfologia da placenta durante a gestagdo (SALLES, 2014). De
acordo com Salles (2014), o consumo de dieta hiperlipidica,em ratas, por 10 dias

modificou células encontradas no endométrio materno. Também foi observado que o
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excesso de gordura no organismo materno altera ainvasividade das células
trofoblasticas(HAYES et al., 2014).

Sanches e colaboradores (2022) demostraram que camundongos fémeas que
foram expostas adieta rica em gordura antes da gravidez e tiveram maior ganho de
peso apresentaram menor eficiéncia placentaria e filhotes com menor peso ao
nascer em comparacdao com controles. Outro estudo em ratos demonstrou que o
consumo excessivo de agucar e gordura aumentou a deposi¢cao de gordura materna,
reduziu o peso da placenta e alterou a trajetdria do crescimento fetal durante a
gravidez(SFERRUZZI-PERRI et al., 2013). A insuficiéncia placentaria crénica € uma
condigdo na qual a placenta ndo é capaz de fornecer nutrientes e oxigénio
adequados para o feto em desenvolvimento. (WIXEY et al., 2017). Isso pode resultar
em crescimento inadequado do feto, o que é conhecido como retardo do
crescimento intrauterino (RCIU), condigdo que pode ser causada por uma

combinacgao de fatores genéticos e ambientais. (WIXEY et al., 2017).

Diversos trabalhos tém associado o consumo de dieta hiperlipidicaa um
aumento da inflamagao sistémica e a alteragdes no perfil inflamatério na placenta
(KIM et al., 2014). Um estudo avaliando o utero de fémeas de macacos japoneses
prenhes destaca os efeitos da dieta hiperlipidica na regulacdo da resposta
inflamatdria no contexto da gestagao (FRIAS et. al, 2011). O estudo apresentou o
aumento da expressao de citocinas proé-inflamatorias e do receptor tipo Toll 4 (TLR4)

sendo estes indicativos de uma resposta inflamatoria ativada (FRIAS et. al, 2011).

Outro fator que parece ter influéncia na resposta fetal a dieta materna € o
sexo do feto (TARRADE et al., 2013). Tarrade e colaboradores (2013) observaram
que as placentas de fetos do sexo feminino mostraram um maior aglomerado de
acidos graxos, enquanto os fetos do sexo masculino apresentaram maior quantidade
de acidos graxos e colesterol no plasma em comparagdo com a placenta. O
consumo da dieta rica em lipideos promoveu redugao do peso de fetos fémeas em
comparagdo com os fetos machos e aumento na expressdo génica do Glut3 e
Snat2, e na expresséao proteica do SNAT2 ambos em placentas machos comparada
com fémeas (SONG et al., 2017).

O transporte de nutrientes pela placenta pode ser um dos caminhos pelo qual
a dieta materna interfere no desenvolvimento fetal (SANCHES et al., 2022). Sanches

e colaboradores (2022) apresentam que a dieta materna rica em lipidios levou a
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insuficiéncia placentaria provavelmente devido a diminuigdo da expressado de
transportadores de nutrientes e fatores de crescimento, desencadeando restricao de
crescimento fetal.Por outro lado, outro estudo afirmou que a dieta obesogénica
aumentou a capacidade placentaria de transferirglicose e aminoacidos para o feto,
(SFERRUZZI-PERRI, 2015).0Outro estudo sugere que, em resposta a obesidade
materna, a placenta sobrecarregada de macronutriente também regulou
positivamente sua expressao de transportadores de nutrientes, aumentando o
transporte transplacentario de nutrientes (NAM et al., 2017).Foi observado aumentos
consistentes no Glutftanto nos niveis de mMRNA quanto de proteina nas
placentas(NAM et al., 2017). Nesse mesmo estudo, também foi observada regulagao
positiva da proteina Fatp1 placentaria pela alimentagcéo rica em lipidio, apesar da
abundancia de mRNA inalterada, sugerindo a possibilidade de regulagédo pos-
transcricional (NAM et al., 2017).

Desta forma, em virtude das informacdes apresentadas, percebe-se a
importancia de se investigar, nos trabalhos pré-clinicos/experimentais, os efeitos da
dieta materna na funcao placentaria, especificamente no transporte de nutrientes.
Ademais, associar essas alteragbes aos desfechos fetais e modificacbes

placentarias.
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3 HIPOTESE
O consumo de dieta obesogénica na gestagdo aumenta o transporte de

nutrientes pela placenta levando ao aumento de peso fetal.
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4 OBJETIVOS
4.1 Geral
Investigar, através de uma revisao sistematica, as modifica¢gdes no transporte

de nutrientes pela placenta decorrentes do consumo de dieta obesogénicamaterna.

4.2 Especificos

e Apresentar as alteragdes no transporte de nutrientes na placenta de fémeas

submetidas a dieta obesogénica;

e Relacionar as alteragdes de transportadores com o desfecho de peso ao

nascer da prole;

e Entender como o ganho de peso materno e alteragbes de peso da placenta,
em resposta a dieta obesogénica, influenciam no (peso) desfecho fetal e nas

modificacdes dos transportadores;

e Compreender as diferengcas metodolégicas que podem influenciar na

modificacao dos transportadores e no desfecho fetal.
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5 MATERIAIS E METODOS
5.1 Tipo de Estudo

Trata-se de uma revisao sistematica de literatura cujo protocolo foi submetido
a PROSPERO (InternationalProspective Register ofSystematic Reviews), disponivel
em: https://www.crd.york.ac.uk/prospero/display record.php?, IDCRD42022346560.

5.2 Estratégia de Busca

A busca foi realizada nas bases de dados PubMed, EMBASE, Web of
Science, Scopus e LILACS e a estratégia de busca incluiu termos relacionados a
intervencao e aos desfechos. A combinag&o de descritores MeSH, outros termos de
entrada e operadores boleanos que foram utilizados estao descritos na Tabela 1.

Nao houve restricdo de idioma ou data de publicagao, foram utilizados bancos
de dados eletrdnicos, por dois revisores independentes (Natalia Teixeira e Thaynan
Oliveira) e em caso de desacordo entre revisores independentes durante o processo
de busca, a terceira revisorarealizou a mediagc&o (Raquel Arag&o).

Tabela 1. Descritores e operadores booleanos que foram utilizados na

estratégia de busca.

Tipo de intervencdo | High-Fat Diet OR Ketogenic Diet OR Western Diet OR
Occidental Diet OR Cafeteria Diet OR Junk Food OR
Obesogenic Diet OR Diet-InducedObesity OR Hypercaloric
Diet OR Hyperglycidic Diet OR PortionSize OR Maternal

Obesity
AND
Periodo de | Gestation OR Pregnancy OR
intervengao PrenatalNutritionalPhysiologicalPhenomenaORPrenatal
Injuries OR Maternal
ExposureORMothersORMaternal ORDamsORPregnant

AND

Tecido estudado Placenta OR Maternal-Fetal Exchange OR Placentation OR
Placenta Diseases
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5.3 Estratégia de Selegao

ApOs a busca em todas as bases, o software Rayyanfoi utilizado para retirada
das duplicatas e, posteriormente, para primeira e segunda fase de selegcao dos
estudos. Sendo a primeira fase a selecdo dos estudos através da analise do titulo e
resumo, enquanto na segunda fase foi realizada a leitura do artigo na integra.Na
Tabela 2, sdo apresentados os critérios de inclusdo e exclusdo para cada item da
estratégia PICO (Populagao, Intervengao, Controle e Desfecho). Todas as fases da
revisdo as analises foram realizadas pelas duas revisoras independentes (Natalia
Teixeira e Thaynan Oliveira). artigos de revisdo, meta-analise outras formas de
publicagdo que n&o seja artigo original foram excluidas.

Tabela 2. Critérios de Inclusdo e Excluséo.

Inclusao Exclusao

P | Roedores Animais geneticamente modificados

| Consumo de dieta obesogénica | Estudos em que a manipulagdo de
(hipercaldrica, rica em gorduras e/ou | macronutrientes ou  calorias foi
carboidrato simples) durante o | realizada utilizando gavagem; estudos
periodo gestacional e/ou pré-|que nao fornecam informacbes
gestacional. minimas das manipulacdes dietéticas

(por exemplo, % lipidio da dieta)

C Exposicdo materna a dieta controle | Nenhum

antes durante a gestacao

O | Primarios: expressao de | Nenhum
transportadores de glicose,
aminoacidos e acidos graxos na

placenta.

Secundarios: peso materno,
parametros de consumo alimentar,

peso fetal e parametros placentarios

5.4 Extragao Dos Dados
Foram extraidos dos artigos selecionados os dados: referéncia completa
(incluindo autor, titulo e ano de publicagéo); desenho do estudo (numero de grupos
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experimentais, incluindo grupo controle e numero de animais em cada grupo);
populacdo (espécie e linhagem, idade das gestantes), intervengao (periodo de
intervencao nutricional), quantidade ou qualidade de macronutrientes ou valor
calérico da dieta controle e experimental; coleta de amostra (idade gestacional ao
sacrificio); analise primaria realizada (expressdo de mRNA e de proteinas);
resultados primarios encontrados expressdo de genes e proteinas, expressos em
dados continuos, como quantificagéo relativas e porcentagem de mudancas; analise
secundaria realizada (estudo da composicdo corporal, consumo alimentar;
resultados secundarios encontrados (peso corporal materno, consumo alimentar,

peso fetal e pardmetros placentarios).

5.5 Avaliagao Do Risco De Viés

Dois pesquisadores independentes avaliaram a qualidade das pesquisas
artigos utilizando a analise de risco de viés da ferramenta SYRCLE para estudos em
animais. Em caso de discrepancias, um terceiro revisor fez a mediag&o. Foi utilizado
o indice de concordancia KAPPA para avaliar a concordancia da avaliagao entre os

pesquisadores.

5.6 Estratégia De Sintese Dos Dados

Trata-se de uma revisdo sistematica narrativa sem meta-analise. Foi
apresentado um resumo descritivo dos achados de estudos envolvendo o estudo da
placenta. Em separado houve outro compilado dos resultados secundarios. Espera-
se discutir os dados de acordos com as caracteristicas das dietas e as repercussoes

encontradas.
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Abstract

The development of obesity through the consumption of ultra-processed or high-fat
foods during pre-pregnancy and pregnancy and its influence on nutrient transporters
in the placenta has been the focus of many studies. The objective of this study was to
produce a systematic review regarding the relationship between the consumption of
obesogenic diets and the expression of macronutrient transport. Five databases were
used: PubMed, EMBASE, Web of Science, Scopus and LILACS. Two reviewers
performed a complete dual review, searching and selecting the studies. In total, there
were 1,390 articles were found and, after evaluation of inclusion and exclusion
criteria, 15 articles were selected for this revision. Among the glucose transporters,
GLUT1 showed increased expression in 50% of the articles where it was evaluated,
while GLUT3 and GLUT4 showed mixed results. Of the amino acid transporters
evaluated, SNAT2 had increased expression in 80% of the articles, while SNAT4
showed no changes when evaluated. Regarding the transport of fatty acids, FATP2,
FABP3 and FABP6 showed increased expression in the only articles that studied
them, while FATP1 and FATP4 showed mixed results, FATP3 was not altered when
evaluated. In secondary outcomes, in most articles placental weight and fetal weight
were not modified by maternal diet. Methodological differences, such as the
percentage of fat offered in each obesogenic diet, may explain the variation between

the studies presented in the review.

Keywords:high-fat diet, gestation, glucose transporters

1. Introduction

Changes in maternal diet combined with a sedentary lifestyle before and
during pregnancy can increase the chances for chronic non-communicable diseases
(NCDs), including obesity, diabetes mellitus, cardiovascular diseases, high blood
pressure, cerebrovascular disease and some types of cancer in the offspring later in
life(KAPUR e HOD, 2020). Animal studies and epidemiological evidence have shown
that maternal consumption of ultra-processed foods and presence of obesity during
pre-pregnancy and/or pregnancy increase the risk of complications to mother and
their descendants, such as: gestational diabetes, pre-eclampsia, spontaneous

abortion, low birth weight, fetal macrosomia and increased risk for adult diseases in
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the offspring(DENISON et al., 2010b). During pregnancy, obesity can affect several
organs, including the placenta, an extremely important organ which its function is to
transport nutrients from the mother to the fetus and it is only present during
pregnancy (PAZINATO et al., 2016). Developmental plasticity is an important function
in programming development and vertical transmission of the risk of metabolic and
cardiovascular diseases (REYNOLDS et al., 2015a)

Changes in nutrient transporters are observed to the high-fat maternal diet
during pregnancy (SFERRUZZI-PERRI et al., 2013; NAM et al., 2017; SONG et al.,
2017; LOUWAGIEet al., 2018; ZHAO et al., 2018; WALLACE et al., 2019; SISSALA
et al., 2022; ZHENG, HU and WU, 2022). An increase in the transport of fatty acids
(NAM et al., 2017; ZHAO et al., 2018), amino acids (SFERRUZZI-PERRI et al., 2013;
SONG et al., 2017) or glucose (WALLACE et al.., 2019; SISSALA et al., 2022),or
even articles which the maternal diet did not influence the transporter systems (LIN et
al., 2011; SANCHES et al., 2022) or this transport was reduced (LOUWAGIE et al. ,
2018; ZHENG, HU and WU, 2022). These changes in transporters may or may not
be associated with changes in birth weight, ranging from an increase (JOSELIT et al.,
2018), to a reduction (SFERRUZZI-PERRI et al., 2013) or no modification(LIN et al.,
2011; SONG et al., 2017) in this fetal outcome.

Considering the different responses of placental nutrient transport systems to
changes in the maternal diet, it is important to consolidate these findings through
methodological systematization. This article presents a systematic review carried out
in indexed databases of studies that used an obesogenic maternal diet and studied
its influence on the placental transport of nutrients. Maternal and fetal outcomes that

may influence or be influenced by changes in transporters are also presented.

2. Methods

This is a systematic literature review whose protocol was submitted to
PROSPERO (CRD42022346560). This systematic review was conducted according
to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines
(PRISMA).
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2.1 Search strategy

The search in the selected databases was carried out in April 2023, update in
February 2024. The electronic search strategy for this review was performed in the
PubMed, EMBASE, Web of Science, Scopus and LILACS databases. The search
strategy includes terms related to the description of the intervention and outcomes.
The search strategy was built using Boolean operators. Combination of MeSH
descriptors and other input terms were used: "High-Fat Diet", "Ketogenic Diet",
"Western Diet", "Occidental Diet", "Cafeteria Diet", "Junk Food", "Obesogenic Diet",
"Diet -Induced Obesity", " Hypercaloric Diet", " Hyperglycidic Diet", "Portion Size",
"Maternal Obesity", "Gestation", "Pregnancy", "Prenatal Nutritional Physiological
Phenomena", "Prenatal Injuries", "Maternal Exposure", "Mothers", "Maternal",
"Dams", "Pregnant", "Placenta", "Maternal-Fetal Exchange", "Placentation",

"Placenta Diseases”.

There was no language or publication date restrictions. The bibliographic
research was carried out in electronic databases by two independent reviewers
(TEIXEIRA, NA and OLIVEIRA, TRP) and in case of disagreement between
independent reviewers during the search process, the third reviewer performed
mediation (SILVA ARAGAO, R.)

2.2 Inclusion and exclusion criteria

After searching all databases, duplicates were removed. First, title and
abstract were screened to determine study eligibility. Next, screened full text

observing the inclusion and exclusion criteria using PICO strategy detailed in Table 1.

Tabela 1. Inclusion and Exclusion criteria.

Inclusion Exclusion

P | Rodents Genetically modified animals

| Consumption of an obesogenic | Studies in which manipulation of
diet (high caloric, high fat and/or | macronutrients or calories was
simple carbohydrate) during pre- | performed using gavage; studies
pregnancy and pregnancy that do not provide minimal
information on dietary manipulations

(e.g., % dietary lipid)
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C | Maternal exposure to the control | None

diet before and during pregnancy

O | Primary outcomes: macro- | None
nutrient transporters (protein and

gene expression)

Secondary outcomes: maternal
weight, food consumption
parameters, fetal weight, and

placental parameters

2.3 Assessment of risk of bias

Two independent researchers (TEIXEIRA, NA and OLIVEIRA, TRP) assessed
the quality of research articles using the SYRCLE risk of bias analysis tool for animal
studies (HOOIJMANS et al., 2014). A third reviewer (SILVA ARAGAO, R.) mediated

disagreement in case of discrepancies.

3.0 Results

The searches resulted in a total of 1,390 articles retrieved in five (PubMed,
EMBASE, Web of Science, Scopus and LILACS). Of these, 742 were excluded as
duplicates and 530 after screening the titles and abstracts. Full text was read in 118
articles, with then being excluded 103 articles through the exclusion criteria. Finally,
15 articles were included in this systematic review. All articles found were published
in English. The steps of conducting the research are described in the flowchart (Fig.
2)KAPPA index at this phase was 0.78, considered as substantial
agreement(LANDIS, 1977).

3.1 Study quality

Considering the study quality evaluated by the SYRCLE risk of bias analysis
tool for animal studies (HOOIJMANS et al., 2014),all the authors reported

randomizing the animals. In relation to the baseline characteristics, all articles
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reported the baseline characteristics of their subjects in the text. None of the articles
recorded the procedure for blinding the allocation of animals to groups. Only one
study, presented information about randomization in accommodation (DiAZ et al.,
2015). No articles presented incomplete outcome data. Risk of biasresultsare

summarized in Fig.2 and 3.
3.2 Methodological profile of studies

Rodents most used were C57BL/6 mice (SFERRUZZI-PERRI et al., 2013;
DIAZ et al., 2015; QIAO et al., 2015; NAM et al., 2017; JOSELIT et al., 2018;
WALLACE et al.,, 2019; SISSALA et al., 2022; ZHENG, HU e WU, 2022) and
Sprague Dawley rats (LIN et al., 2011; SONG et al., 2017; LOUWAGIE et al., 2018;
SONG et al.,, 2020; CHEN et al., 2022). Maternal nutritional manipulation was
performed through diets with caloric contribution of lipids ranging from20% (SISALA
et al, 2022) to 60% (QIAO et al.,, 2015; NAM et al., 2017; SONG et al,,
2017;JOSELIT et al., 2018; WALLACE et al., 2019; SONG et al., 2020), and 6.2%
(SISALA et al., 2022) to 18% (LOUWAGIE et al.,2018) for control diet. Some studies
also change the carbohydrate (CHO) type distribution, augmenting the quantity of
simple CHO (FERRUZZ et al., 2013, SISSALA et al., 2022) or offering sucrose
solution (DIAZ et al., 2015) or condensed milk (SISSALA et al., 2022). Diet
manipulation started more frequently before gestation and going through gestation
(DIAZ et al.,2015, NAM et al.,2017, LOUWAGIE et al.,2018, ZHAO et al.,2018,
JOSELIT et al.,2018, WALLACE et al., 2019, ZHENG et al.,2022, CHEN et al.,2022,
SANCHES et al., 2022, SISSALA et al., 2022).Most of the placentas were collected
at the last week of gestation (LIN et al., 2011, FERRUZZI et al., 2013, QIAO et al.,
2015, DIAZ et al., 2015, SONG et al., 2017, LOUWAGIE et al., 2018, ZHAO et
al.,2018, JOSELIT et al,. 2018, SONG et al., 2020, WALLACE et al.,2019, ZHENG et
al., 2022, CHEN et al.,2022, SANCHES et al., 2022, SISSALA et al., 2022) and only
two studies informed the sex of the fetus linked to the placenta analyzed (SONG et
al.,, 2017, SONG et al., 2020). Others methodological information can be read at
Table 2.

3.3 Main results on Glucose transporters
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Glut1 was studied in 10 articles and increased of gene (NAM et al., 2017;
JOSELIT et al., 2018; WALLACE et al., 2019; SISSALA et al., 2022)or protein
expression (NAM et al., 2017; LOUWAGIE et al.,, 2018) was observed in most of
them. In relation to Glut3 the results in mMRNA expression were mixed (SFERRUZZI-
PERRI et al., 2013; SONG et al., 2017; LOUWAGIE et al., 2018; WALLACE et al.,
2019). The Glut4 was evaluated in only one study and observed reduction in mRNA
expression (ZHENG, HU e WU, 2022).

3.4 Main results on Amino acid transporters

The Snat1was not altered by HFD (SFERRUZZI-PERRI et al., 2013; SONG et
al., 2017; SONG et al., 2020; SANCHES et al., 2022), while Snat2, the increase was
observed in mMRNA and protein expression (SFERRUZZI-PERRI et al., 2013; SONG
et al., 2017; WALLACE et al.,, 2019; SONG et al., 2020).Thehigh affinity cationic
amino acid transporters 1(CAT1)mRNAexpressionand Slc7a11 protein expression
also were evaluated and found increase and reduction respectively (LIN et al., 2011;
ZHENG, HU e WU, 2022).

3.5 Main results on fatty acid transporters

Only one of the three studies that evaluated Fatp7observed alteration in
response to HFD, showing anincreaseconsidering mRNA expression(NAM et al.,
2017). In relation to FATP2mRNA expression, one study presented increased only
HF prone compared to HF resistant or control(SANCHES et al., 2022) while in
another study no differences was observed(DIAZ et al., 2015). The
Fatp4mRNA,Fabp3and FAT/CD36 mRNA or protein expressionshowed mixed
results, with some studies indicating increase (DIAZ et al., 2015; QIAO et al., 2015;
LOUWAGIE et al., 2018; ZHAO et al., 2018; SANCHES et al., 2022)or reduction The
HFD increasedalsothe mRNA levels for FABPmM(QIAO et al, 2015)and protein
expression of the FATP6 in trophoblast plasm membranes(DIAZ et al., 2015).

3.6 Secondary outcomes
3.6.1 Maternal body weight

The studies that evaluated weight gain in pre-pregnancy period, observed
increase (JOSELIT et al., 2018; SANCHES et al., 2022). In pregnancy period the
results were mixed, showing increase (NAM et al., 2017; LOUWAGIE et al., 2018)
and reduction (JOSELIT et al., 2018; SANCHES et al., 2022) considering the study
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by Sanches et al. (2022) this difference was in HF-Prone group.In relation to body
weight on specific days or range of days of pregnancy, most studies observed an
increase(QIAO et al., 2015; WALLACE et al., 2019; ZENG et al., 2020; CHEN et al.,
2022; SISSALA et al., 2022).

Two articlesevaluatedsubcutaneous and retroperitoneal fat, found
anincreasewithoutalterationon body weight (SONG et al., 2017; SONG et al., 2020).
Other studies also observed increase of fat mass(SFERRUZZI-PERRI et al., 2013),
gonadal fat mass at GD 14.5(WALLACE et al., 2019)and adiposity at GD15.5 and
GD17.5 (QIAO et al., 2015) and GD 9.5 and GD 17.5 (SISSALA et al., 2022). Only
Sferruzi-Perri et al. (2013) study evaluated the leans mass (%) and demonstrated

reduction.
3.6.2 Food consumption parameters

Three articlespresented decreased in food intake weekly (9)(QIAO et al., 2015;
NAM et al., 2017; SANCHES et al., 2022).Only one article found increased food
intake in all weeks(CHEN et al., 2022).Five articles presented increased
energy/caloric intake (LIN et al., 2011; SONG et al., 2017; JOSELIT et al., 2018;
WALLACE et al., 2019; SONG et al., 2020). In study of Song et al. (2017) this
difference was until GD13, in Wallace et al. (2019) study until GD10.5 and in Song et
al. (2020) until GD20. In study of Joselitet al. (2018) despite the increase in energy

intake, the reduction in g was observed.
3.6.3 Fetal body weight

Five of the eleven studies that evaluated fetal weight found significant changes
by HFD. In twostudies,was observed increase(NAM et al., 2017; JOSELIT et al.,
2018) and in Joselitet al. (2018) this difference was at GD 12.5, while the reduction
was observed by (SFERRUZZI-PERRI et al., 2013; SANCHES et al., 2022; SISSALA
et al., 2022). In the study of Sancheset al. (2022) this reduction was in HF-prone
group and in Sferruzzi-Perri et al (2013) study, at GD16.

3.6.4 Placental parameters

The placentalweightwere analyzed by the followingstudies: (LIN et al., 2011;
QIAO et al., 2015; NAM et al., 2017; SONG et al., 2017; JOSELIT et al., 2018;
LOUWAGIE et al., 2018; ZHAO et al., 2018; WALLACE et al., 2019; SONG et al.,
2020; SISSALA et al., 2022).The results of placental weight was mixed, showing
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increase (NAM et al, 2017; JOSELIT et al, 2018, ZHAO et al., 2018)
reduction(SFERRUZZI-PERRI et al., 2013; LOUWAGIE et al., 2018)or no
change(LIN et al., 2011; QIAO et al., 2015; SONG et al., 2017; WALLACE et al.,
2019; SONG et al., 2020; SISSALA et al., 2022)In relation to placental efficiency,
three of the five studies reported reduction (ZHAO et al., 2018; SANCHES et al.,
2022; SISSALA et al., 2022)and in the study of Sanches et al. (2022) this difference

was in HF-prone group.

In relation to placental morphology, the increase in Dc (decidua) thickness was
observed in three studies (SONG et al., 2017; SONG et al., 2020; SANCHES et al.,
2022) and in study of Song et al. (2020) this difference was only in GD20 and in
study of Sanches et al. (2022), only in HF-prone group. In relation to labyrinth zone
(Lz) thickness, the reduction was found in two studies(SONG et al., 2017; SONG et
al., 2020). The study by Sferruzi-Perri et al. (2013)observed reduction of decidua(Dc)
volume and fetal capillariesin GD16 and Lzvolume, maternal blood spaces, exchange
area of Lz and interhemal membrane thickness at GD19, in addition to an increase in
interhemal membrane thickness at GD16 and Lz trophoblast at GD19. In two studies,
the qualitative analysis in placenta reported placental pathology (LIN et al., 2011) and
irregularly stratified boundaries, loose cell distribution, and enlarged gaps (CHEN et
al., 2022).

4. Discussion

The results of the articles included in this systematic review describe changes
in nutrient transporters promoted by HFD during the perinatal period, regardless of
whether exposure to the diet was carried out only during pregnancy or during pre-

gestational and gestational.
4.1 Glucose transporter

This review reported an increase in Glutfin six articles, while the Glut3the
results are mixed(SFERRUZZI-PERRI et al., 2013; NAM et al., 2017; SONG et al.,
2017; JOSELIT et al., 2018; LOUWAGIE et al., 2018; WALLACE et al., 2019;
SISSALA et al., 2022). Glut1iand Glut3has been widely studied in the placenta, as it
is the isoform abundantly expressed during early pregnancy and at term in humans

and rodents and plays an important role in glucose uptake throughout pregnancy
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(WINTERHAGER e GELLHAUS, 2017). Interestingly, in all studies which an increase
in Glutiand Glut3was observed, a higher lipid contentwith 60% or 40% added with
simple sugar (36%) or sweetened condensed milkwas used. The time of exposure of
the diet did not influence the results observed. TheGlut4was assessed by few
studiesandreduction, or no changes were highlighted (CHEN et al., 2022; ZHENG,
HU e WU, 2022). GLUT4 is also more expressed in the first trimester and not in the
full-term placenta (LAGER e POWELL, 2012)and analyzes of the expression of this
transporter were in GD 17 and GD 19 (CHEN et al., 2022), respectively. GLUT4 is an
insulin-dependent glucose transporter that assists in glucose homeostasis under
physiological and pathological conditions in placental cells and other cells
(STANIROWSKI et al, 2017). Interestingly, Few studies investigate
Glut4(WINTERHAGER e GELLHAUS, 2017). Some studies have indicated that
GLUT4 gene and protein expression are undetectable in the human uterus (CUI et
al., 2015), although other studies have demonstrated the presence of Glut4in uterine
tissues of humans and rodents (NEFF et al., 2020). Therefore, more studies are

needed to explore this transporter.
4.2 Amino acid transports

Three transporters were analyzed in studies, Snat1, Snat2and
SNAT4andtheHFD promoted an increase only in SNAT2(SFERRUZZI-PERRI et al.,
2013; SONG et al., 2017; WALLACE et al., 2019; SONG et al., 2020; SANCHES et
al., 2022). In HFDs, due to the increase in the percentage of lipids in the dietary
composition, there is a need to reduce another macronutrient to adjust 100% of the
distribution of macronutrients including the protein. SNATs are responsible for the
transplacental transport of amino acids (ZHANG et al., 2015). SNAT2 is ubiquitously
expressed in the placenta and other mammalian tissues and Snat4is expressed in
the liver and placenta. Snat4has a greater contribution in the first trimester placenta
than the full-term placenta (ZHANG et al., 2015)while in later stages of pregnancy,
Snat1and/or  SnatZ2are responsible for increased placental system A
activity(DESFORGES et al., 2010). These results may suggest an adaptation to
increase the bioavailability of amino acids for the fetus.In addition, for theses
transporters, the time of exposition or diet are not related to the results.
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4.3 Fatty acid transports

Considering fatty acid transporters, specifically Fatp1, HFD promoted an
increase (NAM et al., 2017)or no change (LOUWAGIE et al., 2018). Interestingly, the
study that considered theincrease of Fatpiwas performed in GD 12.5(NAM et al.,
2017)while Louwagie et. al. (2018), study that did not change was assessed in GD
21. In bovines, there is greater FATP1 gene expression during the first trimester of
pregnancy, on the fetal side of the placenta, when compared to the maternal side
(DESANTADINA et al., 2018),suggesting that this transporter may be more
susceptible to adaptations to nutritional stimuli at the beginning of pregnancy.
Regarding Fatp2and Fatp4, one of the studies included in this review presented the
repercussions of the diet on subgroups exposed to the diet, highlighting the prone or
resistance to obesity. For prone animals, there was an increase in the expression of
FATP2 and a reduction in FATP4 (SANCHES et al., 2022). While in the study by
Zhao et al. (2018), increased expression of FATP4 was observed (ZHAO et al.,
2018). FABP3 and FATPG6 transporters were also analyzed in the studies by Qiao et
al, (2015) and Diaz et al, (2015) with an increase observed of gene and protein
expression, respectively. The FATP family is responsible for lipid transfer to the fetus
(WINTERHAGER e GELLHAUS, 2017). Dietary composition can directly change
thebioavailabilityoffatty acids available for absorption through the placenta and the
maternal diet can also indirectly modify the transfer of lipids from the placenta
(LEWIS, WADSACK e DESOYE, 2018).

4.4 Relationship between fetal weight and nutrient transporters

In some studies, the HFD promoted reduction of fetal weight and this result
was accompanied by reduction of placental weight or efficiency and increase in
glucose and amino acids and fatty acid transporters (SFERRUZZI-PERRI et al.,
2013; SANCHES et al., 2022; SISSALA et al., 2022). Placental efficiency
corresponds to the relationship between fetal weight/placental weight (SONG et al.,
2020) and is partly genetically determined, but also responds to environmental
conditions during pregnancy (FOWDEN et al., 2009). Changes in placental efficiency
can occur due to changes in the weight of the fetus, the placenta or both and lead to
decreased placental transport of nutrients and oxygen exchange through flow-limited
passive diffuse processes. (FOWDEN et al., 2009). Interestingly, poor placental

vascularization during pregnancy and/or insufficient blood flow to the placenta can
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cause decreased placental efficiency (GARNER et al, 2022). In Sferruzi-perri et. al.
(2013), other alterations also observed in placenta as, Dc volume and reduction of
fetal capillaries. Thus, it is tempting to speculate that the alterations of nutrient
transports can be an adaptive mechanism to optimize fetal nutrient supply and

development in response to any abnormalities in placental morphology.

The increase in fetal weight and placental weight was also found in two studies
that showed an increase in GLUT 1 and FATP1 (NAM et al., 2017; JOSELIT et al.,
2018) and FAT/C36 (NAM et al., 2017). In both studies, many similarities were
observed: C57bl animals were used, a commercial HFD diet with the same lipid and
CHO (60% fat, 20% protein, 20% CHO) content and evaluated on day 12.5 of
pregnancy after a period of exposure to the diet in the pre-pregnancy period. This
period is called critical period of development, characterized by the initial growth and
development of pregnancy in which rapid cell multiplication and differentiation occur
(MORGANE et al., 1993; BELUSKA-TURKAN et al., 2019).The fundamental growth
of the fetus occurs from the second to the eighth week of gestation. During this
period, initial embryonic development, organogenesis, and neural development take
place, which are affected by the mother's nutritional status. During the second and
third trimesters, it is essential to have an adequate supply of all essential nutrients as,
during this period, fetal nutrients are accumulated to be used after birth (Beluska-
Turkan et al., 2019).

In relation to transporters, GLUT1 is the isoform abundantly expressed during
early pregnhancy and at term in humans and rodents and plays an important role in
glucose uptake throughout pregnancy (WINTERHAGER e GELLHAUS, 2017),
whilethe expression of fatty acid transport (FATP1)is positively regulated by the
stimulation of its ligands, such as fatty acids and their derivatives (ANDERSON e
STAHL, 2013) (SEGURA et al., 2017). FAT/CD36 acts in absorption of long-chain
fatty acids(PEPINO et al., 2014). Qiao et al reported that FAT/CD36 were elevated in

placentas from high-fat dams.

Other studies that observed alterations in nutrient transporters (LIN et al.,
2011; QIAO et al., 2015; SONG et al., 2017; LOUWAGIE et al., 2018; WALLACE et
al., 2019; SONG et al., 2020) no change in fetal weight was reported. Interestingly, in
three of these studies using the same commercial HFD, increased mRNA or protein
expression of GLUT3 and SNAT2 (SONG et al., 2017; WALLACE et al., 2019; SONG
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et al., 2020).Both transporters are important for supplying glucose and amino acids to
the fetus (SONG, 2017). Song et. al. (2017) e (2020) also identified a reduction of Lz
thickness and increase of Dc placental. The Lz is the area of the placenta that
transports nutrients and gases between mother and fetus (DE CLERCQ et al.,
2020)while the decidua is the maternal portion of the placenta that serves to anchor
the placenta to the endometrium during pregnancy(CARUSO et al., 2012). These
studies may also demonstrate adjust, in transfer of nutrients to maintain the fetal

growth faced with the abnormalities in placental Lz and Dc.
4.5 Secondary outcomes

Considering maternal body weight, HFD caused an increase in most studies in
which this parameter was evaluated(SFERRUZZI-PERRI et al., 2013; QIAO et al.,
2015; NAM et al., 2017; WALLACE et al., 2019; CHEN et al., 2022; SANCHES et al.,
2022; SISSALA et al., 2022).These results were not restricted to diets with higher
lipid, kcal content or intervention duration, suggesting that other variables may
influence the results. Interestingly, HFDs that presented a higher caloric density than
control diets (NAM et al., 2017; JOSELIT et al., 2018), demonstrating a reduction in
food consumption and an increase in calorie/energy consumption. In previous
studies, was demonstrated that HFDs can influence satiety, due to the presence of
fats and fatty acids in the ileum, delaying gastric emptying and prolonging
gastrointestinal transit time (HEER, 2012).In addition, between studies that evaluated
maternal weight, the greatest responsiveness to the diet, were with C57BL6/J
animals and this increase did not show a direct relationship with changes in fetal
weight or changes in nutrient transporters. C57BL6/J mice represent a strain of
animals most used to induce obesity (FUCHS et al., 2018).

We emphasize that the results of the studies may be influenced by several
factors, such asthe nature of lipids; abnormalities in placenta formation, the sex of the
fetus in the placenta analyzed.Considering the sex differences in the development of
the placenta, points to a critical look at the response of females and males and strain
of animals. (KALISCH-SMITH et al., 2017). In this study, in the three studies in which
sex was considered (SONG et al., 2017; ZHAO et al., 2018; WALLACE et al., 2019),
only the study by Song, et. al. 2017 showed that male placenta was more sensible to

HFDpromoted with increase in the gene expression of GLUT3 and SNAT2, and in the
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protein expression of SNAT2. However, the sex of the placenta must be considered

in future investigations.

The intervention period was not considered crucial in influencing the
expression of nutrient transporters, as there were changes in transporters both in
studies that were carried out in the pre-gestational and gestational periods (DIAZ et
al., 2015, NAM et al.,, 2017 , LOUWAGIE et al., 2018, JOSELIT et al., 2018,
WALLACE et al., 2019, ZHENG et al., 2022, SANCHES et al., 2022, SISSALA et al.,
2022) and in the gestational period only (LIN et al., 2011, SFERRUZZI et al., 2013,
QIAQO et al., 2015, SONG et al., 2017, ZHAO et al., 2018, SONG et al., 2020). The
articles that evaluated gene and protein expression of transporters did not find the
same result, since some changes that occurred in gene expression were not
reproduced in protein expression (LIN et al., 2011, SFERRUZZI et al., 2013, DIAZ et
al., 2015, NAM et al., 2017, SONG et al., 2017, ZHAO et al., 2018, LOUWAGIE et al.,
2018, JOSELIT et al., 2018, WALLACE et al., 2019, SONG et al ., 2020, CHEN et al.,
2022, SANCHES et al., 2022, SISSALA et al., 2022). 93% of the analyzes placentas
were carried out in the last week of pregnancy (LIN et al., 2011, SFERRUZZI et al.,
2013, DIAZ et al., 2015, QIAO et al., 2015, SONG et al., 2017, ZHAO et al ., 2018,
LOUWAGIE et al., 2018, JOSELIT et al., 2018, WALLACE et al., 2019, SONG et al.,
2020, CHEN et al., 2022, SANCHES et al., 2022, SISSALA et al. , 2022, ZHENG et
al., 2022), a period in which some nutrient transporters are no longer as expressed,
such as GLUT4 and SNAT4. The placental portion that was used in the analyzes is
not reported in the studies, just as only two studies report the sex of the fetuses
(SONG et al.,, 2017, SONG et al., 2020).

5. Conclusion

This systematic review highlighted the relationship between HFD and the
expression of nutrient transporters in the placenta during pregnancy. Some studies
have demonstrated changes in the expression of glucose, amino acid and fatty acid
transporters, highlighting the dietary composition and period of analysis of the
placenta with greater influence on the results found than the duration of the
intervention, whether during pre-pregnancy and pregnancy or just pregnancy. In

secondary outcomes, in most articles placental weight and fetal weight were not
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modified by maternal diet. Furthermore, this review highlights the need for further
investigations to identify sex differences and greater provision of information about

diet to better compare results.



Table 1. Methodological characteristics and primary outcomes from the articles selected in this review.

Author and Animal and diet Period of Primary Outcomes
year nutritional
intervention/
sacrifice
Pre-gestational and Gestational
Diaz, et al. | C57BL/6J mice Pre-gestational (4-6 | = Fat/Cd36, Fatp2, Fatp4, Fatp6 in TPM and
2015 Obesogenic diet (n= 10), 4.7 keallg, 41% weeks) until GD18.5 | Fabp1, Fabp3, Fabp4, Fabp5 in placental
fat, 17% protein, 43% CHO (%kcal)’ and | GD18.5 homogenate mRNA vs. CD
20% sucrose solution 1t FATP6 in TPM and FABP3 in placental
Control diet, (n= 10), 3.9 kcal/g, 10.6% fat, homogenate protein expression vs. CD
16.8% protein, 72.6% CHO (%kcal)’ = FAT/CD36, FATP2, FATP4 in TPM and
FABP1, FABP4, FABPS5 in placental
homogenate protein expression vs. CD
Nam, et al. | C57BL/6J mice Pre-gestational 1 Glut1, Fat/Cd36 mRNA expression vs. CD
2017 HFD (n=6-8), 5.24 kcal/lg, 60% fat, 20% | (4  weeks) until | =Glut3, Fatp1, Fatp4 mRNA expression vs.
protein, 20% CHO (%kcal)® GD12.5 CD
CD, (n=6-8), 3.85 Kcal/lg, 10% fat, 20% | GD 12.5 1 GLUT1, FATP1 protein expression vs. CD

protein, 70% CHO (%kcal)®

= FAT/CD36 protein expression vs. CD
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Louwagie, Sprague-Dawley rats Pre-gestational (28 | | Glut3, Fat/Cd36, Fabp3mRNA expression
etal. 2018 | \ep (n=3-4), 4.3 kcallg, 39.7% fat, 18.8% | days) until GD21 vs.CD
protein, 41.4% CHO (%kcal)® GD21 = Glut1, Fatp1 mRNA expression vs. CD
CD (n=3-4), 3.1 kcallg, 18% fat, 24% 1 GLUT1 protein expression vs. CD
; 0 [$) $
protein, 58% CHO (%kcal) = FAT/CD36, FABP3 protein expression vs.
CD
Joselit, et | C57BL/6J mice Pre-gestational (4 | 1 Glut1 at GD12.5 mRNA expression vs. CD
al. 2018 HFD(n=8), 5.24 kcallg, 60% fat, 20% | Weeks) untl GD12.5\ 1,/ ot 125 and Fatp? and Glut? at
protein, 20% CHO (%kcal)® (cohort 1) or pre- GD17.5 mRNA expression vs. CD
gestational (6 weeks)
=8- 0, 0,
CD, (n=8-10), 3.85 Kcallg, 10% fat, 20% until GD17.5 (cohort
protein, 70% CHO (%kcal)® 2)
GD12.50r 17.5
Wallace, et | C57BL/6J mice Pre-gestational (6|1 Slc2a1, Slc2a3, and SIc38a2 mRNA
al. 2019 weeks) until GD14.5 | expression vs. CD.

HFD (n=10), 5.24 kcallg, 60% fat, 20%
protein, 20% CHO (%kcal)

Control diet (n=10), 3.4 kcallg, 17% fat,
29% protein, 54% CHO (%kcal)

GD14.5

= Fabp4 vs. CD
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Zheng, et | C57BL/6 mice Pre-gestational (6 | | Glut4 mRNA expression vs. CD
al. 2022 HFD (n=20), 45% fat (%kcal) weeks) until GD17 | | ) 57A11 and GLUT4 protein expression
CD (n=5), 10% fat (%kcal) GD17 vs.CD
Chen, et al. | Sprague-Dawley rats Pre-gestational (6 | = GLUT1 and GLUT3 protein expression vs
2022 HFHS diet: (n=10), 4.43 kcallg, 34.42% fat, | Weeks) untl GD19 ) CD.
12.65% protein, 52.93% CHO (%kcal) GD19
CD (n=10) 3,42 kcallg, 12.11% fat, 22.47%
protein, 65.42% CHO (%kcal)
Sanches, et | Swiss mice Pre-gestational (4 | 1t Slc27a2mRNA expression HF-P x CD and
al. 2022 HFD (n=7-10), 4,6 kcallg', 45 % fat (%kcal) weeks) until sacrifice | HF-R
CD (n=7-10), 3,5 kcallg ", 9.5% fat (%kcal)’ Around GD19 | Slc27a4mRNA expression HF-P x CD
= Slc2a1, Slc27a3, Slc38aTmRNA
expression
Sissala, et | C57BI/6N mice Pre-gestational (5 | 1 GlutTmRNA expression vs. CD
al. 2022 weeks) until GD17.5

OB (n=9), 20% fat, 28% polysaccharide,
10% simple sugars, 23% protein (w/w),
supplemented with sweetened condensed
milk (8% fat, 57% CHO, 7% proteins, w/w)

CD (n=16), 6.2% fat, 44.2% CHO, 18.6%

GD9.50or GD17.5

= Glut3BmRNA expression vs. CD
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protein (w/w)

Gestational
Lin, et al. | Sprague-Dawley rats GD1 until GD19.5 1 Slc7a1mRNA expression vs. CD
2011 HFD (n=6), 5.58 kcallg", 25% fat, 17% | GD19.5 = SIc38a2, Slc38ad, Slc2al, Slc2a3mRNA
protein (w/w) expression vs. CD
CD (n=6), 4.66 kcal/g*, 7% fat, 17% protein
(W/w)
Sferruzzi- C57BL/6 mice GD1 until G16 or | 1 Slc2a3 and SIc38a2 at GD16, and Fatp at
Perri, et al. High-Sugar/High-fat (n=4-19), 4,37 kcalig", G19 GD19 mRNA expression
2013 30% fat, 17% protein, 53% CHO (36% | GD16 or 19 = Slc2at, Slc38at, and Slc38a4 at GD16
simple sugar) (%kcal) and GD19;Fatpat GD16; Slc2a3
CD (n=4-19), 3,65 kcallgh; 11% fat, 26% andSlc38a2, at GD19mRNA expression.
protein, 62% CHO (7% simple sugar)
(%kcal)
Qiao, et al. | C57BL/6 mice GDO0.5until GD18.5 |1 Fat/Cd36, Fabp3, Fabp,, mMRNA
2015 expression vs. CD

HFD (n=6-8), 5.24 kcallg, 60% fat, 20%
protein, 20% CHO (%kcal)

GD15.5,17.50r 18.5

1 FAT/CD36 protein expression vs. CD
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CD (n=6-8), 3.1 kcallg, 17% fat, 25%
protein, 58% CHO (%kcal)

Song, et al. | Sprague-Dawley rats GD2 until GD21 1 Glut3, Snat2 mRNA and SNAT2 protein
2017 HFD(n=16), 5.24 kcal/gs, 60% fat, 20% | GD21 expression in male placenta vs. CD
protein, 20% CHO (%kcal) = Glut1, Snat1, Snat4 mRNA expressionin
CD (n= 16), 4.08 kcallg®, 13.5% fat, 28.5% both sexes vs. CD
protein, 58% CHO (%kcal)
Zhao, et al. | ICR mice GDO until GD18 1 Fatp4 mRNA expression vs. CD
2018 HFD (n =6), 4.73 kcallg, 45% fat, 20% | GD18 = Fat/Cd36, Fabp1, Fabp4mRNA expression
protein, 35% CHO (%kcal) vs. CD
Control diet, (n=6), 3.85 kcal/lg, 10% fat,
20% protein, 70% CHO (%kcal)
Song, et al. | Sprague-Dawley rats GD1 until GD20 1 Slc38a2 at GD20 mRNA expression vs.
2020 CD

HFD(n=14), 5,24 kcallg®, 60% fat, 20%
protein, 20% CHO (%kcal)

CD (n=13), 4.08 kcal/g®, 13.5% fat, 28.5%
protein, 58% CHO (%kcal)

GD14 or G20 (only

male placentas)

= Slc38a1, Slc38a4 at GD14 and GD20 and
Slc38a2 at GD14 mRNA expression vs. CD

1 SNAT2 protein expression at GD20 vs. CD

= SNAT2 protein expression at GD14 vs. CD
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1:increased; |: decreased; =: no difference

CD = control diet, CHO = carbohydrates, GD = gestational day, HFD: high-fat diet; HFHS: high-fat/high-sugar; HF-P: high-fat-prone;
HF-R: high-fat resistant; MeAlB: ;MeG: ;OB: obesogenic diet; TPM: maternal-facing trophoblast layer Il plasma membrane

"Diet information retrieved from a previous article by the same research group. %Diet information retrieved from diet supplier.#values

originally presented in another unit (MJ/kg or kJ/g) and calculated to kcal/g by this review’s authors.



Table2. Secondaryoutcomes.
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Author, year

Parameter analyzed

Results

Lin, et al.|1. Maternal body weight 1.=at GD19 vs. CD
2011 2. Food intake 2.=ingand 1inkcal vs. CD
3. Fetal weight 3.=vs.CD
4. Placental weight 4.=vs.CD
5. Placental morphology (qualitative analysis) 5. Placental pathology in HFD.
Sferruzzi- 1 . Maternal body composition 1. 1 fat mass (%), | lean mass (%), = body weight at G16 and G19 vs. CD
Perri et al 15 Fotal weight 2. | at G16 vs. CD
2013
3. Placental weight 3.l atG16 and G19 vs. CD
4. Placental morphology 4. | Dc volume at GD16 and Lz at GD19; | fetal capillaries at GD16 and
maternal blood spaces, exchange area of Lz, and interhemal membrane
thickness at GD19; finterhemal membrane thickness at GD16 and Lz
trophoblast at GD19 vs. CD
Qiao, 2015 1. Maternal body composition 1. 1 body weight and adiposity at GD15.5 and GD17.5 vs. CD

. Food intake

. Fetal weight

2. lingvs.CD

3. =at GD15.5 and GD17.5 vs. CD
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. Placental weight . =vs. CD.
Nam, et al.|1. Maternal weight gain .Tvs.CD
2017 . Weekly food intake .lingvs.CD
. Fetal weight .Tvs.CD
. Placental weight .Tvs.CD
. Placental morphology . =in Lz, Jz, and Dcvs. CD
Song, et al. | 1. Maternal body composition . = body weight, 1 subcutaneous and retroperitoneal fat pads vs. CD.
2017 . Food intake . 1 energy intake until GD13 vs. CD
. Fetal weight . = in both sexes vs. CD

. Placental weight

. Placental morphology

. =in both sexes vs. CD

. | Lz and 1 Dc thickness vs. CD

Louwagie, et
al. 2018

. Maternal weight gain
. Fetal weight
. Placental weight

. Placental/fetus weight ratio

.Tvs.CD
.=vs.CD
.lvs.CD

.lvs.CD
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Zhao, et al.
2018

. Placental weight

. Placental efficiency

1.1tvs.CD

2. lvs.CD

Joselit, et al.
2018

. Maternal weight gain
. Weekly food intake
. Fetal weight

. Placental weight

1. 1 pre-pregnancy in both cohorts and gestational in cohort 1, and |

gestational in cohort 2 vs. CD.
2. lingand 1 in kcal in both cohorts vs. CD
3.1atGD12.5vs.CD

4. 1t at GD12.5 and GD17.5 vs. CD

Wallace, et
al. 2019

. Maternal body composition

1. 1 from conception to GD14.5 and 1 gonadal fat mass at GD14.5 vs. CD

. Food intake 2. 1 in kcal/g until GD10.5 vs. CD

. Fetal weight 3. =in both sexes vs. CD

. Placental weight 4. =in both sexes vs. CD

. Placental efficiency 5.=vs.CD
Song, et al. | 1. Maternal body composition 1. 1 subcutaneous and retroperitoneal fat pads at GD14 and GD20, = body
2020 Food intake weight during all experiment vs. CD

. Fetal weight 2. 1 in kcal/g until GD9 vs. CD

. Placental weight

3. =at GD14 or GD20 vs. CD
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. Placental efficiency

. Placental morphology

.=at GD14 or GD20 vs. CD
.=at GD14 or GD20 vs. CD

. 1 Lz, 1 Dc thickness at GD20 vs. CD

Chen,
2022

et al.

. Maternal body weight
. Food intake

. Placental morphology (qualitative analysis)

.7 vs.CD atGD1 and GD19 vs. CD
. 7 vs. CD during all weeks vs. CD

. Irregularly stratified boundaries, loose cell distribution, and enlarged gaps.

Sanches et
al. 2022

. Pre-pregnancy weight gain

. T HF-P and HF-R vs. CD; 1 HF-P vs. HF-R

. Pregnancy weight gain 2. |HF-Pvs.CD

. Weekly food intake 3. | HF-R and HF-P vs. CD

. Fetal weight 4. | HF-P vs. CD

. Placental efficiency 5. | HF-P vs. CD

. Placental morphology 6. 1 Dc thickness in HF-P and HF-R vs. CD and 1 HF-P vs. HF-R
Sissala, et al. | 1. Maternal body composition 1. 1 body weight at GD1 and GD17.5 and t WAT weight at GD9.5 and
2022 . Fetal weight GD17.5vs. CD

. Placental weight 2.1vs.CD

3.=vs.CD

. Placental efficiency
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5. Placental morphology

4. |vs.CD

5. =in Lz, Jz, and Dc and in blood vessels in Jz vs. CD.

Zheng, et al.
2022

1. Maternal body weight

1. 1 from GD9 to GD17 vs. CD

1:increased; |: decreased; =: no difference

CD = control diet;Dc: decidual layer; g: grams; GD = gestational day, HFD: high-fat diet; HFHS: high-fat/high-sugar; HF-P: high-fat
prone; HF-R: high-fat resistant; Jz: junctional zone;Lz: labyrinth zone;OB: obesogenic diet; Placental efficiency: fetal weight
(g)/placental weight(g)




Figure 1: Flowchart of search strategy and selection of studies
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Figure 2: Summary of scores for risk of bias tool for included studies
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Figure 3: Summary of scores for risk of bias tool for included studies
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7 CONCLUSAO

Esta revisdo sistematica destacou a relagdo entre a deita obesogénica e a
expressao de transportadores de nutrientes na placenta durante a gestagao. Alguns
estudos demonstraram alteracbes na expressao dos transportadores de glicose,
aminoacidos e acidos graxos, destacando a composigcdo da dieta e o periodo de
analise da placenta com maior influéncia nos resultados encontrados do que a
duragcdo da intervengdo, ou seja, durante a pré-gestacdo e gestacdo ou apenas

gestacao.

Esta revisao observou que a dieta obesogénica ndo necessariamente impacta
no peso ao nascer. Também n&o foi encontrada relagdo direta a respeito da
alteracao do peso placentario e o peso fetal com o consumo da dieta obesogénica.
Além disso, esta revisdo destaca a necessidade de mais investigagdes para
identificar diferengas entre os sexos e maior fornecimento de informagdes sobre

dieta para melhor comparar os resultados.

7.1 Limitagoes

As diferengas metodoldgicas relacionadas ao tipo de gordura presente na
dieta e a distribuicdo percentual de macronutrientes, assim como quais zonas da
placenta foram estudadas, se no lado materno ou lado fetal, ou se homogenato ou
uma porgdo de uma zona especifica, foram algumas limitagdes encontradas nessa

revisao.

7.2 Perspectivas

A compreensao das alteragcdes desses transportadores em resposta a dieta
pode contribuir para area do DOHaD, no entendimento de que condigdes adversas
intrauterinas e durante a infancia podem ocasionar problemas cardiovasculares na
vida adulta, sendo esse conhecimento de extrema importancia para prevencgao de

doencas futuras.
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