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RESUMO

E sabido que existe uma correlacdo entre o estresse oxidativo na placenta e em
alguns érgaos da prole apdés o nascimento, como 0s rins e o endotélio vascular.
Neste estudo, investigamos se o0 estado antioxidante materno influencia os
indicadores de estresse oxidativo na placenta e no figado fetal. Ratas Wistar
gravidas foram tratadas com a-tocoferol, tempol ou com restricdo diéria de dieta para
esgotar as reservas antioxidantes. O figado materno, a placenta e o figado fetal
foram coletados no 20° dia de prenhez, quando a gravidez foi interrompida apés
anestesia materna. O estresse oxidativo foi avaliado através dos niveis de
malondialdeido (MDA) e da glutationa reduzida (GSH). Os antioxidantes
administrados nao afetaram o peso placentario nem o peso corporeo fetal nas maes
controles. O tempol ou tempol + a-tocoferol recuperaram o peso corporeo fetal nas
maes submetidas a restricdo dietética. Enquanto o a-tocoferol reduziu os niveis de
malonildialdeido (MDA) na placenta das ratas controle (44%, p < 0,05), este
antioxidante ou o tempol aumentaram (136 e 340%, respectivamente, p<0,05) os
niveis de MDA na placenta de maes com restricdo dietética, apesar de a restricao
dietética per se ter reduzido os niveis de MDA (48%, p <0,05). O tempol ou o tempol
+ a-tocoferol foram capazes de aumentar (20 e 49%, respectivamente, p<0,05) os
niveis de glutationa reduzida (GSH) na placenta de ratas controle, no entanto, o
tempol + a-tocoferol diminuiram (42%, p<0,05) os niveis de GSH na placenta de
maes restritas. Os niveis de MDA apresentaram-se aumentados (72%, p<0,05) no
figado fetal de maes restritas tratadas com tempol, assim como, o GSH apresentou-
se diminuido (32%, p<0,05) no figado fetal de mées restritas tratadas com tempol +
a-tocoferol. Embora o a-tocoferol tenhadiminuido a peroxidacgéo lipidica da placenta,
ele ndo alterou o padrdo de estresse oxidativo no figado fetal. O tempol reduziu os
niveis de estresse oxidativo na placenta e no figado fetal de mées controles, no
entanto teve efeito simetricamente oposto nas maes submetidas a restricdo
dietética. Assim, um paralelo no padréo de estresse oxidativo entre placenta e figado
fetal foi observado apenas nas mées tratadas com tempol.

Palavras chaves: desenvolvimento fetal, restricdo dietética, estresse oxidativo,

tempol, a-tocoferol



ABSTRACT
There is a correlation between oxidative stress in placenta and in some organs of
offspring after birth, as kidneys and vascular endothelium. It was investigated
whether maternal antioxidant status influences makers of the oxidative stress in the
placenta and in fetal liver. Pregnant Wistar dams were treated with a-tocopherol,
tempol or daily diet intake restriction to deplete antioxidant reservoir. Maternal liver,
placenta and fetal liver were withdrawn at the 20" pregnancy day, when the
pregnancy was interrupted in anesthetized dams. Oxidative stress was evaluated by
the levels of malondialdehyde (MDA) and reduced glutathione (GSH). The
antioxidants did not affect placental or fetal body weight in control rats. Tempol or
tempol + a-tocopherol recovered fetal body weight of dietary restricted fetuses. While
a-tocopherol reduced malonyldialdehide (MDA) in placenta of control rats, a-
tocopherol or tempol increased MDA levels in the placenta of dietary restricted dams,
in spite of the dietary restriction per se had reduced the levels of MDA. Tempol or
tempol + a-tocopherol were capable to increase the levels of reduced gluthatione
(GSH) in the placenta of control rats, but tempol + a-tocopherol reduced the levels of
GSH in the placenta of dietary restricted mothers. MDA was increased in the fetal
liver of restricted dams treated with tempol, as well as, GSH was diminished in the
fetal liver of restricted dams treated with tempol + a-tocopherol. Although a-
tocopherol had diminished placental lipid peroxidation, it did not change fetal liver
oxidative pattern. Tempol reduced placental and fetal liver oxidative stress in control
dams, but it had a symmetrically contrary effect in dietary restricted dams. Thus, a
parallel in pattern of oxidative stress between placenta and fetal liver was seen only

in dams treated with tempol.

Keywords: fetal development, dietary restriction, oxidative stress, tempol, a-

tocopherol
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1 INTRODUCAO

1.1 PROGRAMACAO INTRAUTERINA DE DOENCAS NA IDADE ADULTA

Perturbacdes na alimentacdo materna durante a gravidez podem programar
modificacdes estruturais e fisiologicas permanentes no desenvolvimento fetal
(BARKER et al., 1995., ROBINSON et al., 1999; SYMONDS et al., 2001). Embora
estas adaptacBes ocorram para sustentar o desenvolvimento fetal no Gtero, na vida
extra-uterina, estudiosos no assunto comprovam que essas alteragdes repercutem
de forma importante em implicacfes patoldgicas na vida adulta (BARKER & CLARK
et al., 1997; MCMILLEN et al., 2001).

O processo pelo qual insultos precoces em estagios criticos do
desenvolvimento levam a mudangas permanentes na estrutura do tecido e sua
funcdo é conhecida como programacao intrauterina (LUCAS et al., 1991). Esta
sindrome é bem demonstrada experimentalmente em um vasto nimero de espécies,
utilizando uma variedade de técnicas para comprometer o ambiente intrauterino e
alterar desenvolvimento fetal (MCMILLEN et al., 2005). A inducdo de retardo do
crescimento intrauterino pelo estresse materno, administracdo de glicocorticoides,
hipdéxia, manipulacao dietética e insuficiéncia placentaria levam a anormalidades no
metabolismo e doencas cardiovasculares em ratos, ovelhas, porcos, cavalos e
primatas (FOWDEN et al.,2005; MCMILLEN et al., 2005 ). Estudos em animais
também demonstraram que o tempo, duracdo, e natureza exata do insulto durante a
gravidez sdo importantes para determinar um padrdo de crescimento intrauterino
que resulta em respostas fisioldgicas especificas (BERTRAM et al., 2005). Estas
investigacdes mostram que uma grande variedade de tecidos e sistemas, podem ser
programados in Utero com consequéncias adversas.

Perturbacdes ambientais também estdo diretamente conectadas com a
programacao em varias fases do desenvolvimento. Durante o periodo de pré-
implantagéo, nutrientes, O2, e niveis hormonais afetam o desenvolvimento do
ovocito e blastocisto, com consequéncias para a distribuicdo de células entre o
trofoblasto e a massa celular interna. A ocorréncia de alteracdes antes da
implantacéo é susceptivel de afetar muitas linhagens de células, embora as mesmas

sofram adaptacdes que favorecem a gestacdo, tal como supra-regulacdo de
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nutrientes da placenta e transporte de O,, poderdo compensar os defeitos iniciais e
nao afetar o peso ao nascer.

Uma vez que se inicia o crescimento placentario, os efeitos da programacao
de sinais ambientais podem ser mediados através de mudancas no desenvolvimento
da mesma (GODFREY et al.,, 2002). Durante a organogénese, as perturbacoes
ambientais podem discretamente causar defeitos estruturais que reduzem
permanentemente a capacidade funcional de o6rgdos. Se as alteracbes ocorrem
durante a gametogénese, o potencial reprodutivo da proxima geracdo pode ser
prejudicado (RHIND et al.,, 2001). Durante a fase de crescimento fetal rapido,
reducdo no fornecimento, absorcdo e utlizacdo de nutrientes influenciam o
crescimento do tecido e podem mudar o ciclo de proliferacéo e diferenciacéo celular
com inUmeras consequéncias para o numero total de células (FOWDEN et al.,1998;
HARDING et al.,1995).

Tendo em vista que os 6rgdos se desenvolvem em momentos diferentes, o
momento em que ocorrem as alteracbes no ambiente materno é importante na
determinacao da especificidade dos efeitos programados. No final da gestacdo, ha
um periodo critico de maturacéo fetal, durante o qual, muitos tecidos sdo submetidos
a mudancas na preparacao para a vida extra-uterina (FOWDEN et al., 1998).

Embora a sequéncia de mudancas no desenvolvimento seja muito
semelhante em todas as espécies de mamiferos, ha diferencas no seu momento
preciso entre 0s animais. Em espécies altriciais, ou seja, animais que sdo imaturos
ao nascimento, por exemplo, ratos e coelhos, varios dos sistemas fisiologicos
conhecidos por serem programados no utero continuam se desenvolvendo apos o
nascimento. O periodo de desenvolvimento da plasticidade celular, portanto,
estende-se apds o nascimento, nestas espécies, em contraste com as espécies
precoces, por exemplo, humanos, ovelhas, porcos, as quais séo fisiologicamente
mais adiantadas no seu desenvolvimento no nascimento (FOWDEN et al.,1998).

A nefrogénese, por exemplo, no rato comeca no 12° dia pdés-concepcéo e
termina em torno do 10° dia de vida poés-natal (TUFRO-MCREDDIE et al.,1995). Ja
na espécie humana, ela comeca na quarta semana pds-concepgcao e termina em
torno da 28?2 para 362 semana (ver revisdao LUYCKX & BRENNER, 2010). Assim, em
ratos a nefrogénese pode ser afetada ainda na vida pos-natal, enquanto na espécie
humana néo, exceto quanto se trata de nascimentos prematuros (LUYCKY et al.,
2010; SUTHERLAND et al., 2011).
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Tendo em vista que a placenta € responsavel pelo suprimento adequado de
oxigénio e nutrientes para o feto, € através dela que também se processa a
programacao intrauterina. Diminuicdo do fluxo sanguineo uteroplacentario quer seja
por diminuicdo do débito cardiaco, quer seja por vasoconstricdo comprometem a
nutricdo fetal (ROSSO et al.,, 1980; AHOKAS et al.,1983). O estresse oxidativo
aumentado na placenta pode induzir vasoconstricdo, em parte porque diminui a
biodisponibilidade de oOxido nitrico (KAY et al., 2000). Adicionalmente, o estresse
oxidativo aumentado, per se, pode comprometer o desenvolvimento fetal, em parte
através de mecanismos epigenéticos (DRAKE et al., 2012). Existem evidéncias de
que a desnutricAo materna, induzida por uma dieta multideficiente e rica em
carboidratos, a dieta basica regional, padronizada pelo Departamento de Nutricdo da
UFPE (TEODOSIO et al.,, 1990), aumenta o estresse oxidativo na placenta, bem
como no figado fetal (VIEIRA-FILHO et al., 2009). Assim como h& evidéncias de que
35% de restricao dietética induzem alteracdes epigenéticas que levam a disfuncéo
endotelial pulmonar em camundongos (REXHAJ et al., 2011).

1.2 INDICADORES DO DESENVOLVIMENTO FETAL: PESO PLACENTARIO E
FETAL

De acordo com REGNAULT (2002) e CROSS (2006), uma gestacado saudavel
dependera de eventos adequados e coordenados entre o organismo da mae e o
concepto, resultando numa invasao trofoblastica e placentacdo adequada. Sendo,
portanto a formacdo desta estrutura, a placenta, um processo dinamico e
fundamental para a manutencdo e desenvolvimento embriondrio/fetal, e assim
destacando o papel crucial do desenvolvimento placentario ligado diretamente ao
desenvolvimento fetal (MELLOR et al., 1983; KELLY et al., 1992; FOWDEN et al.,
2006; MYATT et al., 2006; JANSSON et al., 2007). Pois a placenta forma a interface
entre a circulacdo materno-fetal e, como tal, € essencial para a nutricdo e
oxigenacao fetal.

O fornecimento de nutrientes da placenta para o feto depende do seu
tamanho, morfologia e fluxo sanguineo. O peso placentario, assim como 0 peso
fetal, também & um indicador de desenvolvimento fetal. (CAMPBELL et al., 1996;
MARTYN et al., 1995; RUTLAND et al.,, 2007). O tamanho da placenta, sua

morfologia e eficiéncia no transporte nutricional possuem uma importante influéncia
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sobre a fung&o metabdlica e enddcrina fetal, como a manutencdo dos niveis normais
de fator de crescimento semelhante a insulina tipo 1(IGF-1) (OWENS et al., 1989) o
qual desempenha um importante papel no suprimento de nutrientes referentes ao
desenvolvimento fetal (GLUCKMAN et al., 1995; COAN et al., 2008).

Durante a gravidez normal, a placenta passa por uma série de alteracdes
fisiologicas, regulados por fatores angiogénicos e hormonais. O estabelecimento e
funcionamento placentario dependem também de uma vascularizacdo adequada.
Onde a vasculogénese, processo de formacao de novo de vasos sanguineos a partir
de células precursoras do mesoderma, e angiogénese, que é a criagdo de novos
vasos para um suprimento de sangue pré-existente sdo de extrema importancia no
momento da placentacdo. Ambos sdo essenciais para a troca materno-fetal. Esses
processos sdo controlados por diversas moléculas, destacando-se, o fator de
crescimento do endotélio vascular (VEGF) e angiopoietina que sao proteinas
fundamentais para o desenvolvimento placentario (CHARNOCK-JONES et al.,2004;
FERRARA et al.,, 2004). Alguns estudos mostram que reducdo da expressao do
receptor de VEGF em placentas indica uma deficiéncia na transferéncia de
nutrientes materno-fetal (REDMER et al., 2004).

1.3 ESTRESSE OXIDATIVO PLACENTARIO E DESENVOLVIMENTO FETAL

Durante o desenvolvimento placentario, deficiéncia na invasdo trofoblastica
implica em oxigenacao inadequada do espago interviloso na fase inicial da gravidez
e na persisténcia das caracteristicas primarias das artérias uterinas espiraladas, que
mantém sua elevada resisténcia. Nesse caso, 0 sangue banha as vilosidades
coribnicas na forma de “jatos intermitentes” e de alta pressdo. Assim, o fluxo
sanguineo Utero-placentario simula o que acontece em casos de lesdo por isquemia-
reperfusdo (I/R) (BURTON et al.,, 2009; CINDROVA-DAVIES et al., 2009). Entre
outras alteracBes, esse tipo de injuria é marcado pela producdo exacerbada
espécies reativas de oxigénio (ROS, do inglés reactive oxigen species) e de
espécies reativas de nitrogénio (RNS, do inglés reactive nitrogen species), sempre
que as moléculas de oxigénio sdo reintroduzidas no tecido apdés o0 momento
isquémico. Tanto as ROS quanto as RNS constituem moléculas de radicais livres
geradas principalmente na mitocondria celular, e no conjunto sdo chamados de

estresse oxidativo.
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O estresse oxidativo se eleva quando o balanco entre a producéao de radicais
livres e a producdo de fatores anti-oxidantes € prejudicado. Radicas livres de
oxigénio induzem a peroxidacdo lipidica que levam a danos celulares. O
malondialdeido (MDA) é um dos principais produtos da peroxidacéo lipidica. Os
perdxidos lipidicos inibem a sintese de prostaciclinas e aumentam a agregacao das
plaquetas. A peroxidacao de lipidios por ROS/RNS pode ser dividida em trés etapas,
inicio, progressao e término. O MDA e o0 4-hidroxinonenal, um outro produto da
peroxidacao lipidica, inativam fosfolipidios, proteinas e DNA e promovem ligacdes
cruzadas entre estas moléculas (LOUREIRO et al.,2002). As enzimas anti-
oxidantes, glutationa peroxidase (GSH-Px), catalase (CAT) e superoxido dismutase
(SOD), podem prevenir a peroxidacao lipidica. Quando 0s mecanismos anti-
oxidantes sdo esgotados, as membranas celulares sao irreversivelmente danificadas
(KAROWICZ-BILINSKA et al., 2002).

De acordo com CHO (1981) e STRUBELT (1981), a restricdo alimentar esta
associada com uma deplecdo marcante nos sistemas antioxidantes no tecido
hepatico. A desnutricdo materna durante a gravidez induz na prole disfuncéo
endotelial, caracterizada por aumento da atividade da NADPH oxidase (FRANCO et
al., 2003).

O estresse oxidativo que € associado com o ambiente intrauterino
desfavoravel pode exacerbar o efeito da desnutricdo sobre o crescimento fetal. Além
de afetar o crescimento, 0 estresse oxidativo placentario promove efeitos
persistentes e irreversiveis na organogénese fetal (FRANCO et al., 2004; AHN et al.,
2007; DENNERYet al., 2007). O estresse oxidativo pode levar a producao
placentaria de grande quantidade de fatores antiangiogénicos, como o receptor
soltuvel de VEGF, o sFlt-1 (soluble fms-like tyrosin). O sFlt-1 é um receptor soltvel
gue se forma por uma truncagem da por¢ao transmembrana do Flt-1. Dessa forma, o
sFlt-1 se liga as moléculas de VEGF e PIGF circulantes e impede que esses fatores
angiogénicos se liguem aos seus receptores comuns na membrana celular (WANG
et al., 2009).

A nefrogénese é afetada pelo estresse oxidativo induzido pela desnutricdo
materna. O numero de néfrons, e, por conseguinte, a area de filtragdo glomerular,
sao diminuidos (VIEIRA-FILHO et al., 2011). Estes fatores contribuem com a
hipertenséo induzida pela desnutricdo materna (MYRIE et al., 2011; VAN ABEELEN
et al., 2012).
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1.4 AGENTES ANTIOXIDANTES

A vitamina E € um termo genérico que se refere aos tocoferois e
tocotrienois (a, B, d, y tocoferol e a, B, 8, y tocotrienol). Todos estes compostos
consistem de um nucleo cromanol com uma cadeia alifatica lateral. H4 60 anos
estuda-se as propriedades da vitamina E contra doencas cardiovasculares, o que se
atribui & sua capacidade antioxidante. O potencial antioxidante dos tocoferdis em
meio biologico € diferente, sendo a >>vy >0 > 3 (MUNTEANU et al,.2004) Estudos in
vitro demonstraram a capacidade superior do a-tocoferol de prevenir a peroxidacéo
lipidica de lipoproteinas de baixa densidade (LDL), principais responsaveis pelo
transporte de acidos graxos e colesterol do figado para os tecidos periféricos
(THOMAS et al., 2000).

Por outro lado, o tempol, um mimético da SOD, é visto como um potente
nitroxido que atua na protecdo de células e tecidos contra a acdo exacerbada de
ROS (KRISHNA et al., 1998; LI et al.,2006). HIGASHI (2002) vem elucidando o
efeito renovascular e sobre a restauracdo de niveis plasméaticos de produtos da
peroxidagdo lipidica do tempol. Muitos estudos tém mostrado o efeito direto do
tempol na diminuicdo dos niveis de ROS nos tecidos. (BESWICK et al, 2001,
DOBRIAN et al,2001; PARK et al, 2002).

O tratamento materno com a-tocoferol, durante a amamentacdo, previne
alteracdoes moleculares no rim de ratos submetidos a desnutricdo intrauterina
(referéncia). Quando administrado durante a gravidez, ou seja, em paralelo com a
desnutricdo, o a-tocoferol previne a oligonefrenia (VIEIRA-FILHO et al.,, 2011).
Alguns modelos experimentais in vitro e in vivo ressaltam a importancia da vitamina
E na regulacéo da expressao do VEGF (ZHANG et al., 2004; DAGHINI et al., 2007).
De acordo com RODRIGUEZ (2005), a vitamina E promove angiogénese placentéria
através da diminuicdo de radicais livres. Por outro lado, estudos in vitro ressaltam a
capacidade do a- tocoferol de prevenir a peroxidagdo lipidica de lipoproteinas de
baixa densidade (LDL), as quais sédo responsaveis pelo transporte de acidos graxos
e colesterol do figado para os tecidos periféricos (THOMAS et al., 2000), o que

melhoraria a nutricao fetal.
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2 JUSTIFICATIVA

Com base nas evidéncias apresentadas, as a desnutricdo materna eleva o
estresse oxidativo placentario e na prole adulta, 6érgdos como os rins e o endotélio
vascular apresentam estresse oxidativo aumentado. Neste trabalho propomos
investigar se o estresse oxidativo do figado fetal tem correlacdo com os marcadores

de estresse oxidativo no figado materno e na placenta
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3 OBJETIVOS

3.1 GERAL

Investigar o efeito da restricdo dietética materna ou de antioxidantes sobre o
estresse oxidativo placentério, bem como sobre indicadores de estresse oxidativo no

figado materno e fetal.

3.2ESPECIFICOS

- Mensurar, na placenta de ratas gravidas mantidas com 50% de restricdo dietética
ou com a-tocoferol e tempol, 0s seguintes parametros: niveis de substancias
reativas ao acido tiobarbitarico (TBARS), niveis de glutationa reduzida (GSH);

- Mensurar, no figado materno e fetal, os niveis de TBARS e GSH.
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Abstract

There is a correlation between oxidative stress in placenta and in some organs of
offspring after birth, as kidneys and vascular endothelium. It was investigated
whether maternal antioxidant status influences makers of the oxidative stress in the
placenta and in fetal liver. Pregnant Wistar dams were treated with a-tocopherol,
tempol or daily diet intake restriction to deplete antioxidant reservoir. The
antioxidants did not affect placental or fetal body weight in control rats. Tempol or
tempol + a-tocopherol recovered fetal body weight of dietary restricted fetuses. While
a-tocopherol reduced malondialdehide (MDA) in placenta of control rats, a-tocopherol
or tempol increased MDA levels in the placenta of dietary restricted dams, in spite of
the dietary restriction per se had reduced the levels of MDA. Tempol or tempol + a-
tocopherol were capable to increase the levels of reduced gluthatione (GSH) in the
placenta of control rats, but tempol + a-tocopherol reduced the levels of GSH in the
placenta of dietary restricted mothers. MDA was increased in the fetal liver of
restricted dams treated with tempol, as well as, GSH was diminished in the fetal liver
of restricted dams treated with tempol + a-tocopherol. Although a-tocopherol had
diminished placental lipid peroxidation, it did not change fetal liver oxidative pattern.
Tempol reduced placental and fetal liver oxidative stress in control dams, but it had a
symmetrically contrary effect in dietary restricted dams. Thus, a parallel in pattern of
oxidative stress between placenta and fetal liver was seen only in dams treated with

tempol.

Key Words: fetal development: oxidative stress: placenta
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Prenatal undernutrition programs renal dysfunction®™? and in some conditions leads
to hypertension at adult life ©%. We have seen that maternal undernutrition by
employing a multideficient diet rich in carbohydrates leads to increased placental and
hepatic oxidative stress ©. Moreover, by using this multideficient diet, the oxidative

stress is increased in the kidney of the offspring®”

. Increased radical oxygen
species (ROS) in the placenta may reduce the blood distribution to utero-placental
circulation once there are reports showing that undernutrition leads toreduced utero-
placental blood flow not even correlated to reduced cardiac output ®%. Thus reduced
placental blood flow is one way to exacerbate poor fetal nutrition when maternal
nutrition is not appropriate. Antioxidant such as a-tocopherol, besides its antioxidant

effect modulates signal transduction and gene expression%*?

that may result in
placental angiogenesis**'¥ and in amelioration of fetal nutrition. While, tempol, a
mimetic of superoxide dismutase is known only for its antioxidant properties, but is
known to ameliorate fetal growth and survival ®®.

In this work it was investigated the hypothesis that maternal antioxidant status
influences makers of the oxidative stress in the placenta and in the fetal liver. Dietary
intake restriction was employed to induce maternal undernutrition, while a-tocopherol

and tempol were administered to improve antioxidant status.

Material and Methods

Materials. (+)-a-Tocopherol acetate, 4-Hydroxy-2,2,6,6-tetramethylpiperidine 1-oxyl
(tempol), thiobarbituric acid, L-cysteine and 1,1,3,3, - tetraethoxy-propane, were
purchased from Sigma-Aldrich. All other reagents were of the highest purity

available.

Animals

Wistar rats were used throughout the study. The experimental procedures were
approved by the Committee for Ethics in Animal Experimentation of the Federal
University of Pernambuco. 70-days old female rats, weighing 210 to 250 g, were
randomly separated to be mated at age of 90 days, when they were designed to
receive ad libitum standard diet (Purina Agribands, Paulinia, SP, Brazil), the control
dams (C) or to receive 50% restriction of the average daily food consumption of the
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ad libitum-fed controls, the restricted dams (R), from the first pregnancy day,
detected by vaginal plug. Corn oil, the a-tocopherol vehicle (V, 1 ml/kg, body weight
daily by gavage), a-tocopherol (Toc, 350 mg/kg body weight daily by gavage, Ref °),
tempol (T, 30 mg/kg body weight daily, dissolved in drinking water, Ref'’) or both
antioxidant, Toc and T were administered, during all pregnancy, until 20" pregnancy
day. On depending of the parallel treatment with anti-oxidant, C and R dams were
designated CV (n=5), RV(n=5), CToc (n=5), RToc(nh=4),CT(n=4), RT(n=
5), CTocT (n = 4) and RTocT (n = 3). Diet and water intake were measured daily to
ensure, respectively, the 50% restriction and the prescribed tempol treatment.
Pregnancy was interrupted at 20 pregnancy day under pentobarbital anesthesia (50
mg/kg body weight i.p.) to obtain the maternal livers, the placentas corresponding to
fetal male and their respective male fetuses. The tissues were immediately weighted
and transferred to 1.15% KCI (w/v) solution in ice bath. The fetuses were weighted
and their livers were promptly harvested and also transferred to 1.15% KCI (w/v)

solution in ice bath.

Measurement of oxidative stress markers

The tissues were homogenised into 1.15% KCI(w/v) solution (1g tissue/5 ml) by
using a tissue grinder IKA RW20, at 1,200 rpm for 2 min, into ice bath. The levels of
MDA were measured according to*®, modified. Briefly, the homogenate reacted with
thiobarbituric acid in the presence of acetic aceticand SDS, for 60 min, at 100 °C.
After chilling, butanol was added to the reaction, the tubes were centrifuged and the
supernatant was used to measure the color at 535 nm. The standard curve was
carried out using 1,1,3,3, - tetraethoxy-propane. Levels of reduced glutathione (GSH)
were assessed by non-protein sulfhydryl groups™®. TCA 5% (w/v) was used to
precipitate protein in tissue homogenates (1g tissue/5 ml KCI 1.1% w/v). The protein-
free supernatant was used to react to 5,5’-dithio-bis(2-nitrobenzoic acid) into a Tris-
EDTA buffer solution, pH 8.9, for 5 min, at room temperature. The standard curve
was carried out using L-cysteine and the absorbance was read at 412 nm. Both MDA
and GSH results were corrected for protein concentration that was measured by
using the Folin phenol method “©.

Statistical analysis
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The results are presented as the mean £ SEM. Differences between two groups were
assessed using unpaired Student “t” test and between more than three groups using
one-way ANOVA followed by a Newman—Keuls test. GraphPad Prism 5 software
(Version 5.01, GraphPad Software) was used for all statistical analyses. Differences

were considered significant at P<0.05.

Results

The maternal dietary restriction reduced drastically the body weight gain during
pregnancy, but the antioxidants, administered separately or simultaneously were not
capable to ameliorate to change the pattern of body weight gain (table 1). The fetal
body weight was also reduced by the maternal dietary restriction, however tempol or
tempol administered simultaneously to a-tocopherol were capable to recovery the
fetal body weight (Table 1, compare RV vs. CV, RT vs. RV and RTocT vs. RV).
Otherwise, the placental weight was affected neither by the dietary restriction nor by

the antioxidants (Table 1).

The maternal dietary restriction led to reduced MDA levels in placenta (Table
2, see RV vs.CV). Regarding the antioxidants, a-tocopherol reduced MDA in the
placenta of control dams (compare CToc vs. CV, Table 2), but increased in the
placenta of restricted dams (compare RToc vs. RV, Table 2). Either tempol increased
MDA in placenta of restricted dams (compare RT vs.RV, Table 2). Similarly, both
antioxidants administered simultaneously reduced MDA in placenta of control dams
(compare CTocT vs. CV, Table 2), but increased in restricted dams (compare RTocT
vs. RV, Table 2). The MDA levels in fetal liver were unchanged, except for in
restricted fetuses treated with tempol that were increased as in the placenta
(compare RT vs. RV, Table 2) and in control fetuses treated with both antioxidants
that were also increased (compare CTocT vs. CV), different from that pattern in
placenta. One of the endogenous antioxidant defense, the levels of GSH, were
augmented in the placenta of control dams treated with tempol and also in that
treated with tempol plus a-tocopherol (compare CT vs. CV and CTocT vs. CV, Table
2), but they were lowered in the placenta of restricted dams treated with both
antioxidants (compare RTocT vs. RT, Table 2). The GSH levels were affected only in
liver of restricted fetuses treated with both antioxidants; they were reduced (compare
RTocT vs. RV, Table 2).
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The oxidative stress markers were measured in the maternal liver (Table 3) as
positive control against the placenta. However, the pattern of oxidative stress was
shown very different between these organs. Dietary restriction as well as a-
tocopherol led to increased levels of MDA (compare RV vs. CV, CToc vs. CV and
RToc vs. CV, Table 3). Similarly, tempol led to elevated levels of MDA, only in
restricted dams (compare RT vs. CV and CT, Table 3). However, when a-tocopherol
and tempol were administered simultaneously they reduced the levels of MDA in the
liver of restricted dams (compare RTocT vs. RV, Table 3). On the other hand, one of
the endogenous antioxidant defense, the levels of GSH, were increased in the liver of
dams treated with tempol or with tempol plus a-tocopherol (compare CT vs. CV and
CTocT vs. CV, Table 3), while they were reduced in the liver of restricted dams
treated with both antioxidants (RTocT vs. RV, Table 3).

Discussion

These results show that different from maternal undernutrition induced by a
multidefient diet plentiful of carbohydrates®, dietary restriction reduces lipid
peroxidation in the placenta. Nevertheless, these placentas become vulnerable to
lipid peroxidation when a-tocopherol and tempol were administered. However, the
fetuses were benefitted with body weight increase induced by tempol or by tempol
plus alpha-tocopherol, but not by a-tocopherol. Although this is different from what
happened with another undernutrion pattern, the present finding is in line with reports
that dietary restriction can reduce free radicals production®?%, even there is also
evidence that antioxidant defense is reduced under starvation®or food
deprivation®®. Increment of MDA in the placentas of restricted dams upon a-
tocopherol is based on the fact that avoiding lipid peroxidation, the molecule of a-
tocopherol becomes oxidized and must be reduced, but this does not happen in the
absence of an appropriate endogenous antioxidant defense. As seen in Table 2,
GSH, that infers glutathione peroxidase activity, was not increased and certainly the
other components of defense squad — superoxide dismutase, catalase and vitamin C
— were irreversible affected by undernutrition. Regarding tempol, it was used in the
present study one dosage (30 mk/kg/day) reported to reduce superoxide production

in placenta of pregnant rats treated with an antiangiogenic factor that had any effect
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in untreated pregnant rats"*”. Furthermore, there is finding showing that tempol
dosage from 20 to 60 mg/kg/day, in a rat preeclamptic model, increases
acetylcholine vasodilator effect 7, though it is known that in elevated concentration
tempol exhibits pro-oxidant effect (see a review ®). Since there is evidence that, in
vitro, vitamin C is capable to prevent pro-oxidant effect of tempol®?, it is likely that
undernutrition have exhausted antioxidant capability of tempol, even though it is
known that the rat is able to synthetise the necessary vitamin C under ideal
nutritional condition. The nutritional background seems so crucial that placentas of
control dams treated with a-tocopherol plus tempol had increased levels of GSH,
while that of restricted dams had lowered levels of GSH.

Despite tempol had increased the placental MDA, the body weight gain in
fetuses indicates that it ameliorated fetal nutrition in detriment of dams undernutrition,
whose did not show any change in body weight gain under its treatment. The tempol
is a cell-permeable ampholyte that is transferred throughout the placenta and has
been shown to ameliorate vascular dysfunction in the offspring of undernourished
dams®. One trace that this antioxidant crossed the placenta is the increased MDA
levels in the restricted fetal liver. Differently, a-tocopherol did not recovery fetal body
weight, different from a previous observation in our Laboratory by using a
multideficient diet®”, nor changed MDA in fetal liver, likely on account of a poor
transfer across the placenta ©2.

Even though the levels of MDA and GSH in the maternal liver were measured
as a counterpoint to these parameters in the placenta, there was any synchronization
regarding the oxidative stress markers between these two organs. The increased
levels of MDA in undernourished dams are in accordance with findings that
undernutrition could increase ROS production®%? however a-tocopherol increasing

©3) it has

MDA in control dams is unclear, once in a previous study of the Laboratory
been shown that when administered during lactation it diminishes MDA in the
maternal liver.

In summary, although a-tocopherol had diminished placental lipid
peroxidation, it did not change fetal liver oxidative pattern. Tempol reduced placental
and fetal liver oxidative stress in control dams, but it had a symmetrically contrary
effect in dietary restricted dams. Thus, a parallel in pattern of oxidative stress

between placenta and fetal liver was seen only in dams treated with tempol.
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Table 1. Maternal and fetal data weight

Maternal weight

gain,g
Mean SEM

Fetal body weight, g Placenta weight, g
Mean SEM n Mean SEM n

=]

419 0.17 10 0.54 0.01 10
3.05 0.07* 8 049 0.14 8
389 0.17 10 0.50 0.01 10
331 012 12 0.47 0.02 12
3.80 0.06 7 0.52 0.02 7
3.65 0.07t 12 0.54 0.02 12
417  0.09 9 0.55 0.01 12
341 013+ 7 0.60 0.02 7

CVv 83.7 11.5
RV 34.7 6.3*
CToc 105.1 45
RToc 17.2 6.8*
CT 135.0 13.0
RT 32.0 4.2*
CTocT 87.8 105
RTocT  26.8 1.0*

w ~ 00~ b~ 01 01 O1

CV, CToc, CT and CTocT are offspring of control dams, treated during pregnancy,
respectively, with a-tocopherol vehicle (V), a-tocopherol (Toc), tempol (T) or a-
tocopherol + tempol (Toc + T); RV, RToc, RT and RTocT are offspring of dams
maintained during pregnancy under 50% dietary restriction and treated in parallel

with the same antioxidants as the control group. P < 0.05: * vs. CV, tvs. RV.



34

Table 2. Oxidative stress markers in maternal placenta and in the fetal liver

MDA, nmol/mg protein GSH, nmol/mg protein
Placenta Fetal Liver Placenta Fetal Liver
Mean SEM n M:a SEM n M:a SEM n Mean SEM
CV 0.74 0.06 6 0.60 005 10 1428 04 5 1853 1.6
RV 0.38 0.06* 6 073 009 9 1544 14 5 18.38 2.3
CToc 041 0.04* 10 055 003 10 1558 1.2 5 16.55 0.6
RToc 0.90 0.19% 11 0.78 0.08 9 16.33 3.2 4 16.59 0.7
CT 1.05 0.27 7 0.68 0.13 7 17.40 4.0* 4 17.63 0.6
RT 1.69 0.19 13 1.25 0.15¢ 13 12.02 1.3 5 20.02 2.2
CTocT 0.57 0.03* 8 0.78 0.04* 8 20.90 1.1* 4 23.50 2.0
RTocT 0.81 0.12% 7 0.60 003 7 890 0.2t 3 12.88 0.5%

See description of groups in Table 1. P < 0.05: *vs. CV, T vs. CT, £ vs. RV.



Table 3. Oxidative stress markers in maternal liver

MDA, nmol/mg GSH, nmol/mg
protein protein
Mean SEM n Mean SEM

CcVv 0.29 0.02 3 1428 0.38
RV 0.41 0.03* 5 1544 1.45
CToc 0.41 0.01* 5 1558 1.20
RToc 0.44 0.04* 5 16.33 3.23
CT 0.32 0.05 3 1740 3.99*

5

4

3

RT 0.73  0.03*t
CTocT 0.23 0.04
RTocT 0.20 0.01%

12.02 1.33
20.90 1.06*
8.90 0.20f

w ~ 0~ b O01 O1 O1| S

See description of groups in Table 1. P < 0.05: *vs. CV, Tt vs. CT, £ vs. CV.
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6 CONCLUSAO

Neste trabalho foi observado que a restricdo dietética diminuiu o peso fetal,
possivelmente pela restricdo de nutrientes, pois os niveis de TBARS na placenta
indicam que ndo houve vasoconstricdo placentaria. Mostrando-nos que a restricao
nutricional ndo provoca necessariamente vasoconstricdo placentaria por aumento do
estresse oxidativo. Além disso, eles indicam que, na auséncia de suprimento

nutricional adequado, agentes antioxidantes podem exacerbar o estresse oxidativo.



