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RESUMO

O estresse oxidativo elevado no ambiente materno, durante o periodo perinatal, pode determinar
disturbios funcionais na prole. O tratamento materno com lipopolissacarideos (LPS)
desencadeia respostas organicas similares as desencadeadas por um processo inflamatorio,
inclusive com elevagdo do estresse oxidativo. Nesse contexto, o0 objetivo do estudo foi
investigar a acdo antioxidante do extrato aquoso de sementes de Moringa oleifera (EASMO) e
de uma de suas lectinas, a WSMoL, em ratas submetidas ao tratamento com LPS durante a
prenhez. O protocolo experimental foi aprovado pelo Comité de Etica em Experimentacio
Animal da UFPE, sob o nimero 23076.009437/2015-15. Ratas Wistar, aos 90 dias de idade,
foram acasaladas e ap6s a deteccdo de espermatozoides no esfregaco vaginal foram
randomicamente separadas em gaiolas individuais e distribuidas em grupo controle tratado com
salina (0,5 mL/kg, sc, n=8), grupo controle tratado com EASMO (200 mg/kg, po., n=7), grupo
tratado com LPS (0,5 mg/kg, sc, n=9) e grupos tratados com LPS mais EASMO (n=8), WSMoL
(1,1 mg/kg, po., n=9) e tempol (T, 18 mg/kg, po, n=6). A salina e o LPS foram administrados
nos dias 13, 15, 17 e 19 de gestacdo, enquanto que os tratamentos com EASMO, WSMoL e
tempol foram administrados a partir do 13° até o 19° dia da gestacdo. No 20° dia de prenhez,
as ratas foram anestesiadas com tiopental sodico (60 mg/kg, ip) para coleta de placentas, figados
materno e fetal e rim fetal. O estresse oxidativo foi avaliado através dos niveis de
malondialdeido (MDA), pela producéo de anion superdxido (O2) e pelos niveis de glutationa
reduzida (GSH). A andlise estatistica foi realizada através do teste “t” de Student para
comparacao entre o grupo controle e tratado com LPS e através de ANOVA one-way, seguida
pelo teste de Student-Newman-Keuls para comparacdo entre os grupos tradados com LPS e 0s
demais tratamentos. As diferencas foram consideradas significantes para P <0,05. O processo
inflamatdrio desencadeado pelo LPS elevou os niveis de MDA no figado materno e fetal, na
urina materna e na placenta, bem como elevou O na placenta e no rim fetal. O EASMO e a
WSMoL reduziram os niveis de MDA e O2 nestes 0rgédos, enquanto que o T reduziu apenas 0s
niveis de MDA no figado materno e placenta. O LPS reduziu os niveis de GSH no figado fetal,
enguanto a WSMoL teve efeito contrario no figado materno. Estes dados demonstram que o
EASMO e a WSMoL tém acgéo antioxidante quando administrados in vivo, portanto, podem
afetar o desenvolvimento fetal.

Palavras-chave: Estresse oxidativo. Moringa oleifera. Desenvolvimento fetal.



ABSTRACT

Maternal environment, during pregnancy, may imprint diseases at adult life. Maternal treatment
with lipopolysaccharides (LPS) leads to reactions similar to an inflammatory process, including
with increment in oxidative stress. This work aimed to investigate whether aqueous soluble
extract from Moringa oleifera seeds (AEMOS) and its water soluble lectin, the WSMoL, have
antioxidant action in pregnant rats treated with LPS and whether they affect fetal oxidative
stress status. The experimental protocol was approved by the Committee for Experimental and
Animal Ethics at the Federal University of Pernambuco (No. 23076.009437/2015-15). Wistar
rats were mated at age of 90 days and the first pregnancy day was identified by the presence of
spermatozoids. At 13", 15" | 171" and 19" pregnancy days, control dams was treated with
physiological saline (0.5 mL/kg, sc), while LPS dams were treated with LPS (0.5 mg/kg, s.c.).
From the 13" to 19" pregnancy days, dams treated with LPS were additionally treated with
AEMOS (200 mg/kg, by gavage), WSMoL (1.1 mg/kg, by gavage) or tempol (18 mg/kg,
dissolved in drinking water). Pregnancy was interrupted at day 20 under sodium tiophental
anesthesia to withdraw placentas corresponding to male fetuses, maternal liver and male
fetuses. Markers of oxidative stress were malondialdehyde (MDA), superoxide anion (O2") and
reduced glutathione (GSH). Statistical analysis was performed by the Student “t” test and one-
way ANOVA followed by the Student-Newman-Keuls. P < 0.05 was considered different. The
LPS treatment increased MDA in maternal liver, maternal urine, placenta and fetal liver, as well
as it elevated O™ in placenta and fetal kidney. AEMOS and WSMoL reduced MDA and O3 in
these organs, while tempol reduced MDA only in the maternal liver and placenta. LPS reduced
the levels of GSH in the fetal liver, while WSMoL had a contrary effect in maternal liver. The
present data show that AEMOS and WSMoL have antioxidant effect when administered in
vivo, therefore they can affect fetal development.

Key words: Oxidative stress. Moringa oleifera. Fetal development.
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1 INTRODUCAO

Alteracdes do ambiente materno perinatal sao capazes de determinar disfuncées renais
que propiciam a ocorréncia de hipertensdo e doenca renal cronica na prole durante a idade adulta
(PAIXAO e ALEXANDER, 2013). O estresse oxidativo placentario tem se configurado um
elo entre 0 meio ambiente materno e os distdrbios funcionais renais (VIEIRA-FILHO et al.,
2009; 2011; 2014), uma vez que a diminuicdo do estresse oxidativo placentario tem sido
correlacionada com prevencao de distdrbios funcionais na prole.

Inflamagdo materna induzida pelo LPS, endotoxina presente na parede celular de
bactérias Gram-negativas, aumenta estresse oxidativo na soro materno (AWAD et al., 2011) e
programa hipertensdo na prole adulta (WElI et al., 2007).

O alfa-tocoferol tem propriedades antioxidantes reconhecidas e é capaz de reverter
alteracbes produzidas pelo ambiente pré-oxidativo materno (VIEIRA-FILHO et al., 2011;
2014). No entanto, esta substancia é capaz de programar hipertensao na prole de mées que nédo
foram submetidas a alteracfes pré-oxidantes (VIEIRA-FILHO et al., 2014). Assim, novas
manobras antioxidantes parecem necessarias, estimulando a busca de agentes que sejam
capazes de reprogramar alteragdes produzidas pelo ambiente materno e que ndo sejam capazes
de induzir, per se, efeitos indesejaveis.

A Moringa oleifera (MO) Lamark (Moringaceae) € uma planta originaria do norte da
india e hoje cultivada na Asia, Africa e Américas Central e do Sul. Varias partes da Moringa
oleifera tém aplicacbes na medicina popular. Esta planta apresentam componentes acidos
fenolicos e flavonoides que inibem a toxicidade produzida por tetracloreto de carbono, através
da diminuicdo dos niveis de peroxidos de lipideos e elevacdo dos niveis de glutationa reduzida
e superoxido dismutase (VERMA et al., 2009). Suas sementes, além de apresentarem
propriedades nutritivas (OLIVEIRA et al., 1999) e uso medicinal (OGBUNUGAFOR et al.,
2011; FAROOQ et al., 2012), contém proteinas solUveis Uteis para o tratamento de aguas
residuais (BHUPTAWAT et al., 2007; FERREIRA et al., 2011; LEA, 2014).

Algumas proteinas da Moringa oleifera sdo lectinas, que tém propriedades para
aglutinar moléculas de carboidratos. Por sua vez, a WSMoL (do inglés water-soluble Moringa.
oleifera lectin) é uma lectina isolada a partir do extrato aquoso das sementes da Moringa
oleifera do ponto de vista medicinal, o extrato aquoso das sementes da Moringa oleifera e
WSMoL apresentam atividade anti-inflamatoria reduzindo os mediadores inflamatorios
induzidos por lipopolissacarideo (ARAUJO et al., 2013) e apresentam atividade antioxidante
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discreta in vitro (SANTOS et al., 2012), enquanto que o extrato tem efeito antioxidante e leva
a efeitos benéficos na fibrose hepéatica em ratos (HAMZA, 2010). Juntos, esses achados
apontam para efeitos do extrato aquoso das sementes da Moringa oleifera e da WSMoL, que
merecem investigacdes quando administrados in vivo, especialmente no que se refere ao
desenvolvimento fetal, uma vez que a AEMOS foi preconizado para purificar a 4gua em
algumas populagdes em desenvolvimento (LEA, 2014) e a WSMoL € conhecida como
parcialmente responsavel pelo efeito de clarificacdo da agua (FERREIRA et al., 2011,
FREITAS et al., 2016).



16

2 OBJETIVOS
2.1 Geral

Investigar acdo antioxidante do extrato aquoso de sementes de MO e da lectina WSMoL
sobre o estresse oxidativo de 6rgdos materno e fetais, em ratas submetidas a inflamacéo
induzida por LPS durante a prenhez.

2.2 Especificos

Avaliar os niveis de MDA em 6&rgdos maternos e fetais, apds processo inflamatdrio

durante a prenhez.

Avaliar o nivel de producdo de anion superdxido em 6rgaos maternos e fetais, apds

processo inflamatdrio durante a prenhez.

Avaliar os niveis de GSH em drgdos maternos e fetais, apds processo inflamatorio

durante a prenhez.

Comparar efeitos do tratamento com o extrato aquoso das sementes da Moringa
oleifera e com a lectina WSMoL, com o tempol, antioxidante mimético da superéxido

dismutase.
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3 FUNDAMENTAGCAO TEORICA

3.1 Programacao Intrauterina e Desenvolvimento Fetal

Denomina-se programacao fetal,0 processo pelo qual a estimulacdo ou o insulto num
periodo critico do desenvolvimento implica em consequéncias a longo prazo (SIMMONS,
2007; DEVASKAR e THAMOTHARAN, 2007; YAJNIK, 2010; YAN E YANG, 2013). Fisher
et al (2012) apontam que um ambiente intrauterino adverso pode ocorrer por diversas razdes
como subnutricdo materna, doenga materna ou estresse psicoldgico. Essas alteracdes podem
tornar um individuo mais susceptivel ao desenvolvimento de doencas na vida adulta.

Barker et al (1989) formularam a hipdtese de que variacdes nos fatores ambientais no
inicio da vida, podem levar a adapta¢des no crescimento e metabolismo capazes de aumentar o
risco para doencas cronicas na vida adulta, tais como doenga cardiovascular (BARKER et al.,
2005), hipertensdo arterial (LAW et al., 2002), resisténcia a insulina, diabetes tipo 2 (BARKER
et al., 1999; ERIKSSON et al., 2002), obesidade (RAVELLI et al., 1999; PILGAARD et al.,
2011) e doenca renal cronica na prole durante a idade adulta (PAIXAO e ALEXANDER, 2013).

McLean et al (2016) afirmam que o ambiente intrauterino influencia o desenvolvimento
de um determinado fen6tipo metabdlico na descendéncia. No entanto, o mecanismo pelo qual
isto ocorre ainda ndo sdo totalmente compreendidos (REMACLE et al., 2007). Por outro lado,
sabe-se que 0 ambiente pds natal também desempenha um papel preponderante na programacao
da susceptibilidade da descendéncia a determinadas doencas (FISHER., et al., 2012).

Conforme ja mencionado, sdo varias as condi¢cbes maternas que podem afetar o
desenvolvimento fetal, inclusive processos inflamatérios (AWAD et al., 2011; WEI et al.,
2007).

3.2 Inflamacao induzida por lipopolissacarideo (LPS)

Segundo Abbas (2011), a resposta imunoldgica é uma reacdo aos componentes de
microrganismos, a macromoléculas e a substancias quimicas reconhecidas como elementos
estranhos pelo organismo. Essas respostas compreendem quatro componentes: os estimulos
inflamatdrios; os sensores que os detectam; a producdo de mediadores inflamatérios induzidos
pelos sensores e o0s tecidos alvo que serdo afetados pela resposta inflamatéria (MEDZHITOV,
2010).
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A resposta imune ocorre em um processo integrado que possui componentes que
diferem pela especificidade, sendo classificada como resposta imune inata e/ou adaptativa
(MEDZHITOV, 2008). A imunidade inata consiste em mecanismos de defesa celulares e
bioquimicos que existem previamente a infeccdo e respondem rapidamente ao desafio
imunolégico (ABBAS, 2011). Enquanto que, a resposta adaptativa € uma resposta especifica e
de longa duragdo devido a uma exposic¢do a antigenos (MEDZHITQOV, 2010).

Os principais componentes celulares da imunidade inata s@o os neutréfilos, mondcitos
e macrofagos (MEDZHITOV, 2008). Esses, por sua vez, expressam receptores de
reconhecimento padrdo (PRRs) (PALM et al., 2009; AKIRA, 2011) capazes de reconhecer
padrées moleculares associados aos patégenos (PAMPs) (STROWIG et al., 2010; CHAN et al.,
2012). Os receptores do tipo Toll (TRLs) sdo um exemplo de PRRs (BUCHANAN et al., 2010)
e 0 LPS bacteriano € um exemplo de PAMP, capaz de desencadear os mecanismos da resposta
imune inata ao ser reconhecido por receptores do tipo Toll-4 em varias células que participam
da resposta imunolédgica (HAWIGER, 2001). Por outro lado, os componentes celulares da
resposta adaptativa s@o os linfocitos e os mediadores inflamatdrios produzidos por estas células
(ABBAS, 2011).

Serhan e Savil (2005) destacam que uma resposta inflamatéria bem sucedida é aquela
que resulta na eliminacgdo do agente infeccioso seguida pela fase de resolucdo e reparo tecidual,
o qual é mediado principalmente pelos macréfagos recrutados e residentes. Para tal Medzhitov
(2010) reconhece a importancia de haver um equilibrio no processo de resolucdo da inflamacao,
pois o processo inflamatdrio exacerbado pode causar dano e injuria tecidual. A inflamacéo
cronica esta fortemente associada a patologias como artrite reumatoide, doencas inflamatorias
intestinais, asma, diabetes, aterosclerose, como também estd relacionada as doencas
neurodegenerativas (GLASS et al., 2010; LI et al., 2011).

A inflamacdo pode ser induzida em animais experimentais através da exposicdo a
produtos da parede celular de bactérias gram-negativas, principalmente o LPS que mimetiza
varias das respostas inflamatorias de fase aguda, sem causar infeccdo ao hospedeiro
(BURRELL, 1994). O LPS é formado por uma macromolécula glicolipidica composta de uma
regido lipidica bifosforilada denominada lipidio A associada a uma cadeia de carboidrato. A
por¢ao “lipidio A” € a responsavel pela maior parte da atividade imunologica do LPS. Esta
macromolécula é reconhecida pelo sistema imune inato em um mecanismo dependente da
ativagdo do receptor do tipo Toll-4 (TLR4) (RIETSCHEL, KIRIKAE et al., 1994; MILLER,
ERNST et al., 2005). O TLR4 pode ser expresso em uma variedade de células que participam

da resposta imune inata, destacando-se neutrofilos, monadcitos, macréfagos, células endoteliais
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e células dendriticas (ANDONEGUI, ZHOU et al., 2009; GANLEY-LEAL, LIANG et al.,
2010).

Em sua cascata de sinalizacdo, o LPS sollvel ativa o TLR4, através de um mecanismo
dependente da proteina ligante do LPS (LBP) e do CD14, uma proteina que pode estar soltvel
na circulacdo ou ancorada na membrana celular de monacitos, neutréfilos e macrofagos. A
sinalizagdo intracelular mediada pela ativacdo do TLR4 via LPS envolve uma ativagao
sequencial de proteinas especificas, que por fim, conduzem a translocacéo do fator nuclear kB
(NFkB) para o nucleo. O NFKB regula transcricionalmente genes promotores de citocinas
inflamatdrias como interleucinas (IL) 1B, IL-6 e fator de necrose tumoral (TNF), como
apresentado na figura 1. A producdo dessas moléculas promove uma sinalizacdo para células
do sistema imune que medeiam a resposta inflamatdria sistémica e generalizada, observada
apos a exposicao ao LPS (NIJLAND et al., 2014).

Figura 1 Processo inflamatdrio desencadeado pelo LPS
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Fonte: Modificado de Foschesatto Filho e Barros, 2013.

No periodo gestacional, a inflamagdo aguda ou processos inflamatorios promovem
ativacdo do sistema imune e aumentam a liberacao de glicocorticoides, a producdo de citocinas
pro-inflamatorias, principalmente de IL-1p, IL-6, TNF-a, tanto na mie quanto no feto. Essas
citocinas tém a capacidade de atravessar a barreira placentaria e hematoencefalica, modulando

funcbes em desenvolvimento, como por exemplo, aquelas ligadas ao sistema nervoso central e
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ao sistema imune do feto. Ademais, os patdgenos podem ser reconhecidos por células do
trofoblasto que por sua vez também produzem citocinas que vao agir no feto (MEYER et al.,
2007).

3.3 Estresse Oxidativo

O estresse oxidativo é caracterizado por um desequilibrio entre a producédo de espécies
reativas de oxigéncio (ROS — reactive oxygen species) ou de espécies reativas de nitrogénio
(RNS — reactive nitrogen species) e a defesa antioxidante do organismo (CINDROVA-
DAVIES et al., 2007; RUDER et al., 2009; LIMON-PACHECO e GONSEBATT, 2009
BURTON et al., 2010;). As ROS sdo formadas por derivados do oxigénio (ECHTAY, 2007) e
se caracterizam por serem moleculas instaveis e altamente reativas. Os principais tipos de ROS
sdo anion superoxido (O2"), peroxido de hidrogénio (H205) e radical hidroxila (OH) (BURTON
etal., 2011).

O sistema de defesa antioxidante € composto por dois tipos de antioxidantes: 0s
enzimaticos e os ndo enzimaticos. Os antioxidantes enzimaticos sdo denominados de
antioxidantes enddgenos, estes neutralizam o excesso de ROS e impedem a danificacdo da
estrutura celular. Dentre esses, destaca-se a superoxido dismutase (SOD), catalase, glutationa
peroxidase (GSHPX) e a glutationa redutase (GSH), (SILVA e NAVES, 2001). J& os nao
enzimaticos sdo conhecidos como antioxidantes exdgenos ou suplementos dietéticos, tais como
vitaminas A, E e C, carotenoides e polifendis como flavondides e taninos, podendo estes ser
associados a  atividades  antidiabéticas, antineoplasicas e  antiinflamatorias
(DESMARCHELIER et al., 1999; MCCUNE e JOHNS, 2002; 2007).

O estresse oxidativo aumentado causa danos aos 4acidos nucléicos, proteinas,
carboidratos e lipidios. Dentre estes, a peroxidacao lipidica é particularmente prejudicial devido
a facil propagacgdo de reacGes de radicais livres (ECHTAY, 2007). Ademais, a elevacdo do
estresse oxidativo tem sido correlacionada com envelhecimento, doencgas neurodegenerativas e
doenca renal cronica (PENNATHUR e HEINECKE, 2007).

3.3.1 Estresse Oxidativo na Gestacao

A gravidez é caracterizada por aumento na geracao das ROS, principalmente de Oz que

ocorre em funcdo da demanda metabdlica aumentada, maior atividade mitocondrial e grande
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necessidade de oxigenacdo da unidade Utero-placentaria. Portanto, ocorre elevacdo de
peroxidacéo lipidica (SATTAR et al., 1996; LITTLE e GLADEN, 1999).

Em condic¢des normais, a elevagéo do status oxidativo é acompanhada de um aumento
paralelo da capacidade antioxidante (BUHIMSCHI e WEINER, 2002; SAGOL et al., 1999).
Porém, em condicGes patoldgicas prevalece a producdo de ROS acompanhada de niveis
diminuidos da produgdo da SOD e GSHPx, enzimas antioxidantes presentes nos trofoblastos
placentarios (GITTO et al., 2002; GRUPTA et al., 2005). Nesta condicdo, pode ocorrer danos
celulares, inclusive do DNA e das proteinas fetais (DOTAN et al., 2004; GRUPTA et al., 2005;
GRUPTA et al., 2009).

Devido ao intenso metabolismo peculiar ao tecido, a placenta é uma fonte importante
de estresse oxidativo durante a gravidez. E um tecido rico em acidos graxos polinsaturados, que
podem sofrer peroxidacdo, os quais sdo normalmente lancados na circulacdo materna. Em
condicGes patoldgicas, como na pré-eclampsia, as principais enzimas antioxidantes como SOD,
catalase, GSHPX, glutationa redutase, glutationa S-transferase presentes na placenta, tém sua
atividade diminuida (GITTO et al., 2002) o que acarreta um desequilibrio entre producdo e

eliminacdo de ROS.

3.4 MORINGA OLEIFERA

3.4.1 Origem

Moringa é o Unico género de plantas da familia Moringaceae. Esse género, por sua vez,
é composto por 13 espécies, cuja mais conhecida e estudada é a Moringa oleifera Lamark,
(PALIWAL e SHARMA, 2011). A M. oleifera é uma planta originaria do norte da india,
Afeganistdo, Paquistdo e Bangladesh, contudo, é cultivada na Africa e América Latina
(OLIVEIRA, 1999). No Brasil, é encontra em maior nimero na regido Nordeste, principalmente
nos estados do Maranhdo, Piaui e Ceard, sendo conhecida popularmente como lirio-branco,
quiabo-de-quina ou simplesmente moringa. A M. oleifera pode ser cultivada tanto em climas
tropical, quente quanto seco-umido e é capaz de sobreviver a diversas condi¢fes climaticas
(MORTON, 1991; ANWAR et al., 2005). Caracteriza-se por ser bastante tolerante a seca, sendo
cultivada em regides aridas e semiaridas, as quais possuem precipitacdes anuais abaixo de 300
mm, sendo dessa forma uma cultura bastante viavel economicamente. Esta planta (Figura 2) é
uma arvore de madeira macia com crescimento rapido que chega a alcangar 12 metros de altura
(SHARMA, 2011; ROLOFF, 2009).
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Figura 2. Moringa oleifera Lamarck

Partes da M. oleifera, a) arvore; b) flores; c) folhas; d) sementes.

A Moringa olefeira € mencionada como possuidora de inUmeras propriedades e esta
presente na dieta de grande parte da populacdo do sul da india, pelo fato de conter varios

amino&cidos e vitaminas (MAKKAR E BECKER, 1996).

3.4.2 Caracteristicas

A MO é classificada taxonomicamente como apresentado na Figura 3, conforme a

descri¢do do Departamento de Agricultura dos Estados Unidos (Figura 3).

Figura 3.Taxonomia da Moringa oleifera

Divisdo

Classe

SubClasse

Ordem

Familia

Género

Espécie

Fonte: Criado a partir de dados obtidos do Departamento de Agricultura dos Estados Unidos.
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A M. oleifera é conhecida como &rvore milagrosa e arvore da vida. Todas as partes da
arvore sdo tradicionalmente aproveitadas para diversos fins, sendo inclusive utilizadas na
medicina tradicional para tratamento de varias doencas (ODEBIYI, 1999). As flores, raizes,
frutas e sementes da Moringa oleifera sdo muito usadas no tratamento de inflamacdo, disfuncéo
cardiovascular, doencas hepéticas e hematoldgicas e mau funcionamento renal (MAZU et al.,
1999; RAO e MISHRA, 1998; MAHAJAN e MEHTA, 2008), doencas gastrointestinais e
desordens hepatorenal (NADKARNI, 1976; PARROTTA, 2001) e normalizacdo dos niveis de
acucar e colesterol no sangue (LIMAYE et al., 1995; RAO e MISRA, 1998).

Entre os componentes da M. oleifera estdo substancias com atividades antioxidantes e
anti-inflamatorios, destacando—se &cidos fendlicos, flavonoides, carotenoides e &cido ascorbico
(DILLARD et al., 2000; SIDDHURAJU et al., 2003), além de isotocianato e derivados
fenolicos (ANWAR et al., 2007). Ainda, destaca-se a presenca de das vitaminas A, B, C e E,
assim como riboflavina, &cido linolénico e &cido folico nas folhas da MO (AMAGLO et al.,
2009; ANWAR et al., 2007; SHIH et al., 2011). Além disso, foram encontrados alcaloides,
taninos, saponinas e antraquinonas nas sementes (KASOLO et al., 2011; KAWO et al., 2009).
No mais, a MO é rica em minerais como célcio, potassio e magnésio.

Verma et al (2009) comprovaram que acidos fendlicos e flavonoides, presentes na
sementes da M. oleifera, inibem a toxicidade produzida por tetracloreto de carbono, pela
diminuicdo dos niveis de perdxidos de lipideos e elevacdo dos niveis de GSH e SOD. No mais,
diversos estudos tém focado na composicdo quimica dessa planta, e tem sido identificado
lectinas que podem conferir a M. oleifera propriedades farmacoldgicas (KAWO et al., 2010;
HAMZA, 2010; MEHTA e AGRAWAL, 2008).

Os componentes da M.oleifera sdo também usados com fins nutricionais. Segundo
Fashey (2005), as qualidades nutricionais da MO estdo relatadas tanto na literatura cientifica
guanto na popular. A Moringa é usada como produto alimentar em comunidades onde existem
desnutricio proteica (KAFUKU et al., 2010; RASHID et al., 2011), na india, Paquistdo,
Filipinas e boa parte da Africa (D’SOUZA et al., 1993; ANWAR et al., 2003; 2005). Ainda,
diversos beneficios para saude sdo descritos como resultado da suplementagdo com folhas,
sementes da M.oleifera ou seus respectivos extratos (MAHAJAN et al., 2007; HAMZA, 2010;
YASSA e TOHAMY, 2014).
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3.4.3 Extrato das sementes da Moringa oleifera
Quanto a composicdo quimica das sementes da Moringa oleifera, Galldo (2006)
observou teor consideravel de lipidios, aproximadamente 19%, sendo as proteinas a classe

encontrada em maior quantidade, aproximadamente 40% (tabela 1).

Tabela 1. Composicdo quimica das sementes da Moringa oleifera

Composicéo Semente
Umidade (%) 6,3
Acucares soluveis (g/100g) 3,14
Oligossacarideos (g/100g) 3,31
Amido (g/100g) 6,02
Proteinas (g/100g9) 39,3
Lipideos (g/100g) 18,8

Fonte: Galldo et al., 2006.

As sementes possuem atividade antifingica, antibacteriana (RASHID et al., 2008),
coagulante, antitumoral (GUEVARA e VARGAS, 1999), anti-inflamatéria e antioxidante
(KUMBHARE, 2012). Também tem sido relatado que o extrato de sementes pode ser usado
para tratar doencas estomacais, da viséo, dor nas articulagdes, diabetes, anemia e hipertensao
arterial, dor de dente, hemorroidas e distarbios uterinos (POPOOLA e OBEMBE, 2013; ABE
e OHTANI, 2013). Além disso, o Gleo extraido das sementes pode ser usado pelas inddstrias
alimenticias, farmacéutica e de cosméticos, bem como para cozinhar e confeccionar sabao
(SILVA etal., 2013). As sementes da Moringa também séo utilizadas para purificar agua (LEA,
2010), com dose de 0.2 pg/uL (ROLIM et al., 2011).

Por outro lado, Villasenor (1989) relatou algumas substancias prejudiciais encontradas
nas sementes da M.oleifera tais como 4-fenilacetonitrila, 4-hidroxifenilacetonitrila, e 4-
hidroxifenilacetamida. O mesmo autor demonstrou que esses compostos isolados a partir de
sementes torradas apresentaram efeitos mutagénicos em um ensaio de micronucleos em
camundongos.

Dentre as moléculas bioativas das sementes da M.oleifera estdo as lectinas que séo

proteinas capazes de interagir com carboidratos (ARAUJO et al., 2013).



25

3.5 Lectinas

3.5.1 Conceito

Lectinas sdo proteinas ou glicoproteinas de origem ndo-imune, que apresentam
atividade hemaglutinante e estrutura diversificada, contendo pelo menos um dominio de ligagédo
a carboidratos, tais como monossacarideo e oligossarideo. As lectinas se ligam aos carboidratos
de forma reversivel e seletiva através de ligacbes de hidrogénio e pontes de Van der Waals
(CORREIA et al., 2008; PEUMANS et al., 2001, SHARON e LIS, 2004; SHARON, 2007).

Essas proteinas estdo distribuidas amplamente na natureza (RATANAPO et al., 2001),
e tem sido isoladas de virus, bactérias e fungos (TRIGUEIROS et al., 2003, ZHAO et al., 2009,
WANG et al., 2009), bem como em vertebrados, incluindo os mamiferos (KILPATRICK,
2002). Nas plantas, as lectinas podem ser encontradas e isoladas de sementes (SANTOS et al.,
2009), folhas (NAPOLEAO et al., 2011), flores (ITO, 1986), raizes (SOUZA et al., 2011),
frutos (THAKUR et al., 2007) e rizomas (ALBUQUERQUE et al., 2012).

As lectinas de plantas sdo as mais estudadas atualmente devido a sua importancia
econdmica e nutricional (LIS e SHARON, 1998).

3.5.2 Caracterizagao

As lectinas se diferenciam pela composicdo e pela sequéncia de aminoacidos na cadeia
polipeptidica, além do nimero de subunidades na estrutura proteica. Sdo também diferentes no
que diz respeito a necessidade da presenca de metais para atividade hemaglutinante, assim como
na especificidade do sitio de ligacdo a carboidratos (KENNEDY et al., 1995; CORREIA et al.,
2008)

Segundo Santos et al (2005), as lectinas podem ser detectadas em material bioldgico a
partir de ensaios de aglutinacdo, onde ha a interacdo dessas proteinas com os carboidratos da
superficie celular do eritrocito por meio de seus sitios de ligagdo (figura 4). Estas moléculas
também podem ser isoladas por diferentes técnicas de purificagdo, como cromatografias de

afinidade, troca idnica, interagdo hidrofobica e filtracdo em gel (LAM e NG, 2011).
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Figura 4. Interacdo das lectinas com os carboidratos
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Fonte: Trazido de Paiva et al (2010). Representacao esquematica da rede de eritrocitos promovida pela
ligacdo da lectina aos carboidratos de superficie (A) e Inibicdo da atividade de hemaglutinacdo por hidratos de
carbono livres (B).

As propriedades bioldgicas das lectinas incluem aglutinagdo de células bacterianas,
agregacdo plaquetaria (RADI-BAPTISTA et al., 2006), atividade mitogénica (ZHENG et al.,
2007), antimitogénica (LIU et al., 2006), inseticida (KAUR et al., 2015; PAIVA et al, 2012;
COELHO et al., 2007), antifungica (YAN et al., 2005), antibacteriana (TUNKIJJANUKIJ e
OLAFSEN, 1998), antitumoral e atividade anti ou pro-inflamatéria (PIRES et al, 2016;
SANTIAGO et al, 2014; TEIXEIRA et al, 2014).

Experimentos in vivo demonstraram que lectinas de plantas podem exercer a¢des pré ou
anti-inflamatorias dependendo da via em que sdo administradas. (ALENCAR et al., 2004).
Estes efeitos geralmente séo oriundos da ativacao ou inibicao de neutrdfilos, via interacdo entre
o dominio ligante a carboidrato da lectina e residuos de carboidratos presentes na membrana
das células, por um mecanismo indireto (FIGUEIREDO et al., 2009).

Segundo Peumans e Van Damme (1995) algumas lectinas podem estar envolvidas nos
mecanismos de defesa relacionado a sua afinidade por carboidratos. Estudos apontam que as
lectinas que possuem como agucares ligantes N-acetil-D-glucosamina e glucose-manose inibem

a infiltragdo neutrofilica em diferentes modelos de inflamacado (ALENCAR et al., 1999).

3.5.3 Classificacao

As lectinas podem ser classificadas de acordo com a especificidade da interacdo com
carboidratos em: galactose, glicose/manose (WONG E NG, 2005), manose (GIBSON et al.,
2008; MARZI et al., 2007; VAN DE GEIJIN et al., 2007), glicose, galactose e galactosamina
acetilada (CHUMKHUTHOD et al, 2006), acido sidlico (BHOWAL et al., 2005; GERLACH
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et al., 2002), xilose (LIU et al., 2006), lactose (HAN et al., 2005), arabinose (WANG e NG,
2005) e raminose (NITTA et al., 2007).

Quanto a estrutura, as lectinas podem ser classificadas como merolectinas, hololectinas,
quimerolectinas (PEUMANS e VAN DAMME, 1998) e superlectinas (PEUMANS et al.,
2001). As merolectinas sdo proteinas monovalentes que possuem apenas um sitio de ligacao.
Ja as hololectinas possuem no minimo dois sitios de ligacdo a carboidratos, sendo idénticos ou
homologos, e precipitam glicoconjugados e/ou aglutinam células. Por outro lado, as
quimerolectinas possuem um ou mais sitios de ligacdes a carboidratos e também outros sitios
independentes que nao se ligam a carboidratos. Por fim, a superlectinas, sdo proteinas que

apresentam pelo menos dois sitios de ligacdo para carboidratos diferentes.
3.5.4 WSMoL (Water soluble MO lectin)

Uma das lectinas presentes na Moringa oleifera é a WSMol, que apresenta massa
molecular de 60 kDa, sendo composta por trés polipeptideos com massas moleculares de

aproximadamente 30, 20 e 15 kDa (figura 5).

Figura 5. Caracterizacéo estrutural da WSMoL
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Fonte: Retirado de Moura et al., 2016.

Esta lectina é isolada a partir do extrato aquoso das sementes de moringa através de
extracdo de proteinas em agua destilada, precipitacdo com sulfato de aménio e cromatografia
em coluna de quitina (COELHO et al., 2009).
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A WSMoL apresenta atividades antibacteriana e coagulante (FERREIRA et al., 2011),
ndo genotdxica (ROLIM et al., 2011) e promove efeitos deletérios em larvas e ovos de Aedes
aegypti (COELHO et al., 2009; SANTOS et al., 2012).

Embora a atividade anti-inflamatoria tenha sido demonstrada para lectinas (LEITE et
al., 2012; SILVA et al., 2010), estudos acerca das a¢des farmacoldgicas da WSMoL ainda séo
inexistentes. Em conjunto, esses achados apontam para efeitos do extrato aquoso das sementes
da M. oleifera e da WSMoL, que merecem investigacdes quando administrados in vivo,
especialmente no que se refere ao desenvolvimento fetal, uma vez que a AEMOS foi
preconizado para purificar a agua em algumas populages em desenvolvimento (LEA, 2014) e
a WSMoL é conhecida como parcialmente responsavel pelo efeito de clarificacdo da agua
(FERREIRA et al., 2011; FREITAS et al., 2016).
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ABSTRACT

Ethnopharmacological relevance: Aqueous soluble extract from Moringa oleifera (Lamarck)
seeds (AEMOS) has been used to wastewater treatment and some evidence indicates it has
antioxidant action. One of its lectin, the WSMoL, was pointed as responsible for the water
clarifying effects. Together, these findings point positive and eventual negative effects from
AEMOS and WSMoL, which deserve investigations when administered in vivo, especially
regarding fetal development, since AEMOS has been preconized to clean tap water in some
developing populations

Aim: It was investigated whether AEMOS and WSMoL affect placental and fetal oxidative
stress. For that, lipopolysaccharide (LPS) was used as a tool to increase maternal/fetal
oxidative stress.

Materials and methods: Pregnant Wistar rats were treated with LPS or its vehicle on the 13™,
15 171 and 19" pregnancy day. AEMOS (200 mg/kg, by gavage), WSMoL (1.1 mg/kg, by
gavage) or tempol (18 mg/kg, dissolved in drinking water) were daily administered from the
13" to 19" pregnancy day. Pregnancy was interrupted on the 20" day to withdraw maternal
and fetal organs. Oxidative stress was evaluated by accessing malondialdehyde and lucigenin-
produced luminescence from superoxide anion.

Results: LPS treatment increased malondialdehyde in maternal liver, maternal urine, placenta
and fetal liver, as well as it elevated superoxide anion in placenta and fetal kidney. AEMOS
and WSMoL reduced malondialdehyde and superoxide anion in these organs.

Conclusion: AEMOS and WSMoL have an antioxidant effect on maternal and fetal organs,
therefore they can positively affect fetal development
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1. Introduction

Several parts of Moringa oleifera (M. oleifera ) Lamarck have multiple applications in
folk medicine. Their seeds, besides exhibiting nutritional (Oliveira et al., 1999) and medicinal
use (Ogbunugafor et al., 2011; Farooq et al.,2012), contain water soluble proteins useful to
wastewater treatment (Bhuptawat et al., 2007; Ferreira et al., 2011; Lea, 2014). Some
proteins in M. oleifera are lectins, which have the properties to agglutinate to carbohydrate
molecules. An important nutritional feature of some plant lectins is their ability to survive
digestion by the gastrointestinal tract (\VVasconcelos and Oliveira, 2004). Thus, the aqueous
soluble extract from Moringa oleifera seeds (AEMOS) can adhere to gastrointestinal wall to
affect gut bacteria and intestinal permeability, becoming toxic to consumers (Ramadass et al.,
2010; Yamamoto et al., 2013). One of the water soluble lectin from Moringa oleifera, the
WSMolL, was characterized as a 60 kDa molecule (de Moura et al., 2016) and is known as
partially accountable for AEMOS water clarifying effect (Ferreira et al., 2011; Freitas et al.,
2016). From medicinal point of view, AEMOS and WSMoL present anti-inflammatory
activity reducing lipopolysaccharide (LPS)-induced inflammatory mediators (Araujo et al.,
2013) and shows discrete in vitro antioxidant activity (Santos et al., 2012), while the AEMOS
has antioxidant effect and leads to ameliorative effects on liver fibrosis in rats (Hamza, 2010).
Together, these findings point positive and eventual negative effects from AEMOS and
WSMoL, which deserve investigations when administered in vivo, especially regarding fetal
development, since AEMOS has been preconized to clean tap water in some developing

populations (Lea, 2014).

LPS is an endotoxin derived from the cell wall of Gram-negative bacteria that has proven
to be particularly useful in the production of experimental maternal inflammation during
pregnancy (Wei et al., 2007; Boles et al., 2012). It acts increasing inflammatory interleukins,
such as tumor necrosis factor-o. (TNF-a)), which activates endothelial and placental NADPH
oxidase to produce superoxide anion (Li et al., 2010). It increases lipid peroxidation in serum
of pregnant rats that is paralleled by a similar profile in the kidneys from offspring (Awad et
al., 2011). Increased oxidative stress in fetal offspring leads to impairment in renal
development (Vieira-Filho et al., 2014), one cause of elevation in blood pressure at adulthood
(Haoet al., 2010). Maternal environment, during pregnancy, as a cause of late hypertension is
shared by several conditions, especially that one affecting maternal oxidative stress (Paix&o
and Alexander, 2013). Thus, in principle, even products from folk medicine may affect fetal

development.
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To shed light on Moringa oleifera folk medicine, pregnant rats untreated or treated with
LPS were used as a tool to investigate the effect of AEMOS and WSMoL on markers of

oxidative stress in maternal/fetal organs.

2. Material and Methods
2.1. Plant material

Moringa oleifera seeds were collected in Recife City, State of Pernambuco,
northeastern Brazil, and stored at -20 °C. A voucher specimen (number 73,345) was archived
at the herbarium, Dardano de Andrade Lima, at the Instituto Agronémico de Pernambuco in
Recife, Brazil. Plant collection was performed with authorization (38690-2) of the Instituto
Chico Mendes de Conservacédo da Biodiversidade at the Brazilian Ministry of Environment.

2.2. Preparation of aqueous soluble extract from Moringa oleifera seeds

The seeds were dried at 28 °C and powdered using a blender. The powder (10 g) was
homogenized with distilled water (100 mL) under constant agitation for 16 h at 25°C. After
filtration with cotton gauze and centrifugation (3000 g, 15 min, 4°C), the supernatant

corresponded to the aqueous extract.

2.3. Preparation of WSMoL

WSMoL was isolated according to the procedure established by Coelho et al.
(2009). For this, the extract was treated with ammonium sulfate at 60% saturation (Green and
Hughes 1955) during 4 h at 28°C and the precipitated fraction was collected by centrifugation
(3000 g, 15 min, 4°C), ressuspended and dialyzed against distilled water (4 h) and 0.15 M
NaCl (4 h). The dialyzed fraction (50 mg of proteins) was then loaded onto a chitin column
(7.5 x 1.5 cm) previously equilibrated (0.3 mL/min) with 0.15 M NaCl. WSMoL was eluted
with 1.0 M acetic acid and then dialyzed against distilled water (6 h, 4°C) for eluent
elimination, providing a yield of 3.4 mg per column.
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2.4. Chemical and drugs
LPS from Escherichia coli 0111:B4, 4-Hydroxy-TEMPO (tempol), N,N’-Dimethyl-

9,9’-biacridinium dinitrate (lucigenin), B-Nicotinamide adenine dinucleotide 2’-phosphate
reduced tetrasodium salt hydrate (B-NADPH), 2-thiobarbituric acid (TBA), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), Folin & Ciocalteu’s phenol
reagent, trizma, bovine serum albumin, protease inhibitor cocktail, EDTA, N-benzoyl-DL-
arginyl-p-nitroanilide (BApNA) was obtained from were purchased from Sigma-Aldrich (St.
Louis, MO, USA).Thiopental was obtained from Cristalia Produtos Quimicos Farmacéuticos
(Séo Paulo, SP, Brazil).

2.5. Animals

All procedures using animals were carried out in accordance with the Brazilian
Society of Laboratory Animal Sciences (SBCAL) and underwent ethical review by the
Committee for Experimental and Animal Ethics at the Federal University of Pernambuco (No.
23076.009437/2015-15).

Adult female Wistar rats, aged 90 days, weighing 200 — 250 were randomly mated and
the first pregnancy day was determined by the presence of spermatozoid in vaginal plug.
Pregnant rats were maintained in individual cage, under 12 h cycle light/dark, at 21 °C, with
free access to water and food. Physiological solution (0.5 mL/kg) or LPS (0.5 mg/kg)
(Graciarenaet al., 2010) were subcutaneously administered at days 13, 15, 17 and 19 of
pregnancy to control dams (C, n=16) and LPS dams (L, n=32), respectively. From the 13" to
19" pregnancy day, AEMOS (200 mg/kg), WSMoL (1.1 mg/kg) or tempol (18 mg/kg) were
daily administered. AEMOS and WSMoL were administered by gavage, while tempol was
added in drinking water. Tempol concentration was determined in accordance to dam weights
and daily water intake to warrant the preconized dosage. The final groups were designated as
C(n=9),L(n=9), LAEMOS (n = 8) and LWSMoL (n =9) LTempol (n = 6). At 18"
pregnancy day, dams were placed in metabolic cage for measurement of diet and water intake,
besides urine collection.The pregnancy was interrupted on the 20" day, under thiopental
anesthesia (60 mg/kg, i.p.) to withdraw maternal livers, male fetuses and their corresponding
placentas. Placental labyrinths corresponding to male fetuses were weighed and prepared to
measure markers of oxidative stress. On average, 2 placentas and 2 fetuses were obtained
from each mother. All excised tissues were immediately placed in appropriate cold solutions.

The fetuses were weighed and their livers and kidneys were promptly removed and
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transferred to appropriate solutions. To investigate the effect of gastrointestinal enzymes on
WSMoL, duodenum was obtained from control rats treated only with physiological solution.

2.6. Investigation of integrity from WSMoL in rat gut
Duodenum was homogenized for 15 min with 2 mL of 0.1 M Tris-HCI pH 8.0

containing 20 mM CacCl. and then submitted to ultrasonic bath for more 15 min. The
suspension was centrifuged (9000 g, 5 min, 4°C) in order to yield the homogenate. Protein
concentration was determined according to Lowry et al. (1951) and trypsin-like activity was
evaluated as described by Oliveira et al. (2016) using the substrate BApNA. One unit of
trypsin activity is defined as the amount of enzyme that hydrolyses 1 umol of BApNA per
minute. WSMoL (1 mL; 300 pg) was incubated at 37°C with the homogenate (1 mL; 1 mg of
protein) for 1 and 2 h at 37°C. After conclusion of each incubation, protein digestion was
stopped by immersing the tubes in boiling water for 15 min. The mixtures were lyophilized
and ressupended in 30 uL of sample buffer and submitted to SDS-PAGE (12.5%, wiv, gel)
according to Laemmli (1970). A control containing the mixture lectin/homogenate submitted
to the heating step without any previous incubation at 37°C was also performed. A sample
containing only WSMoL was also submitted to electrophoresis in the same gel. The
polypeptide bands were stained with 0.02% (v/v) Coomassie Brilliant Blue in 10% (v/v)

acetic acid.

2.7. Investigation of tissular oxidative stress

Malondialdehyde (MDA), superoxide anion (O2’) and reduced glutathione (GSH) were
accessed as markers of oxidative stress. The tissues were homogenized in 1.15% KCI (1g
tissue:5 mL) using a grinder coupled to an IKA RW20 rotor at 1200 rpm for 2 min in an ice-
bath. MDA levels were measured according to Ohkawa et al (1979), with some modifications.
The homogenate was incubated with 0.3% TBA in 7.5% acetic acid and 0.4% SDS for 60
min at 100°C. After, n-Butanol was added after the tubes were chilled, to be centrifuged. The
absorbance of supernatant was measured at 535 nm. For the standard curve, 1,1,3,3-
tetraethoxy-propane was used.

Levels of reduced glutathione (GSH) were measured as non-protein sulphydryl groups
(Sedlak and Lindsay, 1968). TCA (5%) was used to precipitated protein from the tissue
homogenates (1g tissue:5mL 1.15% KCI). The protein-free supernatant reacted with 0.4 mM
5,5’-dithio-bis(2-nitrobenzoic acid) in 200mM/2mM Tris-EDTA buffer, pH 8.9, for 5 min at
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room temperature. L-cysteine was used for the standard curve and absorbance was read at 412
nm. Both the MDA and GSH results were corrected for protein concentration, measured by
Lowry’s method (Lowry et al., 1951).

O was assessed by the lucigenin enhanced chemiluminescence. Tissue homogenates
were centrifuged at 12000 g (Micro High Refrigerated Centrifuge VS-15000 CFNII, Vision
Scientific, Daejeon, South Korea), 4°C, for 12 min. The supernatant was added to the
phosphate buffer saline, pH of 7.4, in a proportion of 0.1 mL to 1 mL. The
chemiluminescence was measured in a luminometer (Varioskan Flash, Thermo Scientific,
Vantaa, Finland) each 30 s for 5 min, at 37°C, before and after adding 10 uM lucigenin and
100uM NADPH. The assays were performed in triplicates.

2.8. Antioxidant activity by ABTS assay

The radical ABTS" was generated by oxidation of ABTS solution (7 mM) with 2.45
mM potassium persulfate solution. The mixture was allowed to react for 12 h in the dark at
room temperature (25°C) before use. For the test, the ABTS" stock solution (1 mL) was
diluted in 60 mL of methanol to obtain an absorbance of 0.70 + 0.02 at 734 nm. Next, 2.7 mL
of this diluted ABTS solution was added to a solution (0.3 mL) of AEMOS or WSMoL (both
at 100, 125, 250, 500 and 1000 pg/mL) or the standard Trolox (1.0, 2.0, 3.0, 4.0 and 5.0
pg/mL in methanol). The absorbance at 734 nm was read 6 min after the addition of the
radical. The test was performed in triplicate to determination of the percentage inhibition of
ABTS radical as well as the concentration required to decrease the presence of ABTS * by
50% (ICs0).

2.9. Statistical analysis

Results are presented as mean £ SEM. To validate the treatment of LPS as a tool to
increase tissular oxidative stress, C and L groups were compared by using Student t test. The
effects of AEMOS, WSMoL and tempol were compared among them and with L group by
using one-way analysis of variance (ANOVA) followed by Student-Newman-Keuls.
GraphPad Prism 5 was the software applied to all statistical analysis. P-values < 0.05 were

considered statistically significant.



47

3. Results

3.1. Effect of rat duodenum enzymes on WSMoL

Duodenum homogenate showed trypsin-like activity (11.3£3.2 mU/mg), which
assures that active proteases were present during the assays. Fig. 1 shows SDS-PAGE of the
mixtures containing WSMoL and duodenum homogenates (lanes 1-3) incubated or not at
37°C. A sample containing only WSMoL was also submitted to electrophoresis in the same
gel (lane 4), revealing two polypeptide bands, which is in agreement with the SDS-PAGE
profile previously reported for this lectin (Moura et al., 2016; Oliveira et al., 2016). It can be
observed that WSMoL polypeptide bands were detected in the samples incubated for 1 and 3

h, although the intensity was lower than that of observed in the non-incubated mixture. This

result evidences that this lectin exhibit a good resistance level to digestion by proteases.

3.2. Effects of AEMOS and WSMoL on maternal weight gain and fetal weight

Table 1 shows that L dams presented lower body weight gain, during pregnancy, than
C dams, likely due to lower diet intake presented by L dams. In line with this data, placental
weight was also lower in L than in C dams. Conversely, LAEMOS group showed higher body
weight gain, higher placental weight and higher diet intake than L group. LWSMoL did not
show any difference, regarding these parameters, compared to L group. On the other hand, the
LTempol dams showed lower body weight gain than L dams. Even LPS or AEMOS had
affected maternal body weight; they did not affect fetal body weight. Differently, the
LTempol group showed lower fetal body weight than the L group. It is remarkable that fetal
kidney weight was lower in L than in C group and that in LAEMOS this parameter was higher
than that in L group.

3.3. Effects of AEMOS and WSMoL on markers of in vivo oxidative stress

As shown in Fig. 2, L dams presented higher MDA levels in liver (Fig. 2A), urine
(Fig. 2C) and placenta (Fig. 2E) than C dams. Conversely, LAEMOS group showed lower
MDA levels in these three segments (Fig. 2B, D and F) than L group, while LWSMoL
showed lower MDA levels than L group, only in urine and placenta (Fig. 2 D and F).
LTempol group also showed lower levels of MDA in the segments than Lgroup. In placenta,
comparing groups treated with antioxidant agents among them, LWSMoL and LTempol
showed similar levels of MDA, but lower levels than LAEMOS (P < 0.01). When measured
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as O, in placenta, oxidative stress was also higher in L than that in C group, before (Fig. 3A)
and after NADPH (Fig. 3C), substrate for NADPH oxidase, was added in the reaction. Again,
LAEMOS, LWSMoL and LTempol groups showed lower levels of Oz than L group (Fig.
3B), when evaluation was performed in basal condition (absence of NADPH). However, only
LWSMoL and LTempol were lower than L group, when NADPH was added in reaction (Fig.
3D).

In fetal organs (Fig. 4), MDA was higher in liver of L than that in C group (Fig. 4A),
as well as O, was higher in L kidneys before (Fig. 4C) and after (Fig. 4E) NADPH addition
in reaction. In the liver, LAEMOS and LWSMoL, but not LTempol, showed lower levels of
MDA than L group (Fig. 4B). However, in the kidney, only LAEMOS showed lower levels of
02", before NADPH addition (Fig. 4D) and LWSMoL, after NADPH addition (Fig. 4F),
compared to L group. LTempol, paradoxically, showed higher levels of O, than L group (Fig.
4D).

GSH levels in maternal and fetal organs, shown in Fig. 5, represent a marker of
endogenous antioxidant. L group showed a lower level of GSH in fetal liver than C group
(Fig. 5E). None of the antioxidant agents affected this parameter.

3.4. Effects of AEMOS and WSMoL on react to ABTS

Effects of AEMOS and WSMoL on react to ABTS was compared to that of trolox.
The results are shown in Table 2. While ICsp to trolox was 1.71 + 0.02 pg/mL, ICs for
AEMOS and WSMolL, were respectively, 750.2 + 6.58 and 742.6 + 17.6 pg/mL.

4. Discussion

Maternal environment during pregnancy might be a determinant of chronic diseases at
adult life, in part due to inappropriate development of organs as the kidneys (Paix&o and
Alexander, 2013). Impairment of renal development has been associated to elevation of blood
pressure (Barker et al., 1990; Langley-Evans et al., 1999), in part due to elevation or reduction
in placental oxidative stress (Vieira-Filho et al., 2009; Paixao and Alexander, 2013). Thus, the
present investigation sought to investigate whether AEMOS and WSMoL could reduce LPS-

induced oxidative stress in maternal/fetal tissues.
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Effects of AEMOS and WSMoL preventing LPS-induced oxidative stress was well
characterized in pregnant rats (Figs. 2 and 3) in a pattern similar to that shown by tempol, a
well-known mimetic of superoxide dismutase enzyme. Maternal liver and urine were
included, besides placentas, in order to compare the effects among different maternal tissues.
Antioxidant action of AEMOS was already reported in rats (Hamza, 2010), however with a
higher dose than the presently used, 1 g/kg. It is not surprising this antioxidant action, since
compounds as gallic acid, ellagic acid, kaempferol (Singh et al., 2009) and others phenolic
compounds (Govardhan Singh et al., 2013) have been identified in the water soluble part of
Moringa. oleifera seeds. However, antioxidant action in WSMoL, from our knowledge, was
not previously reported. The dose of WSMoL was chosen on the basis of its estimated
presence in AEMOS considering the dose presently used, 200 mg/kg. Thus, antioxidant action
in AEMOS could be partially due to WSMoL, especially taking into account that they showed
similar ICso to react with ABTS. In fetal liver, AEMOS and WSMoL also exhibited a well
characterized antioxidant action (Fig. 4), different from tempol ineffectiveness to change the
LPS effect. However, in the fetal kidney their antioxidant effects were less characterized,
AEMOS reduced NADPH oxidase-independent O>" and WSMoL reduced NADPH oxidase-
dependent O2". Whatever the effect of AEMOS and WSMoL in fetal kidney, it is clear that
both of them affect the O, production and therefore they can also affect fetal development.

It is not clear, if it is a direct effect, due to AEMOS and WSMoL crossing placental
barrier or an indirect effect due to them reducing maternal and placental oxidative stress.
Regarding this point, the following arguments are placed: i) even the ICso for both are very
high (Table 2), it is possible they reach 1Cso concentration in maternal or fetal fluid/tissues,
since approximately 60 mg of AEMOS and 0.33 mg of WSMoL was daily administered for 7
days; ii) the presence of intact WSMoL after incubation with the rat duodenum (Fig.1),
indicates its absorption is viable in intestine; iii) lectins can cross epithelium in general by
endocytosis or exocytosis (Vasconcelos and Oliveira, 2004); iv) lectins could reach high
plasma levels, since they are slowly excreted (Vasconcelos and Oliveira, 2004); v) different
from WSMoL, phenolic compounds present in AEMOS are submitted to several metabolic
steps from their intestinal absorption until renal excretion (Velderrain-Rodriguez et al.,
2014), but it is known they appear in amniotic fluid at very low concentration (Arola-Arnal et
al., 2013); vi) when searched in fetal liver, by current methods, the WSMoL has not been
found (data not showed), though it could be questioned if the method would reach very small

concentration in the tissue. If in the fetuses, AEMOS and WSMoL effects were indirect, it
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was likely due to placental blood flow improvement determined by vasodilation that led to
fetal nutrition improvement. However, taking into account the above-mentioned arguments, it

is possible that both of them cross placental barrier.

Antioxidant action of AEMOS and WSMoL were not due to elevation in GSH (Fig.
5), although there is evidence that phenolic compounds, likely present in AEMOS, can
increase GSH levels (Serreliet al., 2017). It may be suggested that phenolic compounds did
not reach enough concentration to increase this marker of endogenous antioxidant. Although
in placenta, LAEMOS had shown higher oxidative stress than LWSMoL, maternal body
weight gain during pregnancy and the fetal kidney weight were increased by AEMOS (Table
1). It is known that antioxidant action could result in amelioration of placental blood flow to
improve fetal development (Costa et al., 2016); the fetal body weight was not increased in

LAEMOS, but placental weight was increased in this group.

According to Lea (2014) in a review article, to clean water one shelled Moringa
oleifera seed approximately 200 mg) is used to treat 1 liter of very turbid water. It is not
possible to extrapolate dosage and effects of drugs, in general, from rats to humans (Freireich
et al. 1966). However, the present results show that both the water soluble extract from
Moringa oleifera seed and one of its water soluble lectin, the WSMoL, has antioxidant effect
in maternal and fetal organs. Therefore, it is important to take in account that water treated

with Moringa oleifera seeds could affect fetal development.
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Table 1

General Parameters

C L LAEMOS LWSMoL LTempol
Maternal weight gain (g) 93.7+45 685+23** 792+16% 740+41 551+1.4%
Placental weight (g) 0.53+0.01 0.46+0.01*** 0.50+0.01¥ 0.48+0.01 0.53+0.01%
Fetal body weight (g), 3.77+002 3.74+005 3.77+004 3.47+007 3.12+0.24%*
Fetal liver weight (g) 0.28 £0.01 0.24 £0.01 025+0.01 0.23+£0.01 0.24+0.01
Fetal kidney weight (mg) 14+0.1 12+01" 15+ 0.1% 12+0.1 12+0.1
Maternal food intake (g/day) 28 +1 24+17 20+1 21+1 21+1
Maternal water intake (mL/day) 59+ 5 51+3 55+5 44 +£3 52+2

Results are mean £ SEM. *P < 0.05, **P < 0.01, ***P < 0.001 vs. C; #P < 0.05, ##P < 0.01, ###P <
0.001 vs. L. C and L are mothers, respectively, untreated and treated with LPS during pregnancy, while
LAEMOS, LWSMoL and LTempol are pregnant mothers treated with LPS and additionally treated with
AEMOS, WSMoL and tempol, respectively.



Table 2
Effects of AEMOS and WSMoL on react to ABTS

Trolox AEMOS WSMoL
Concentration Concentration
(Mg/mL) (Mg/mL)
5.0 88.78 +0.17 1000 5751+0.70  60.16 + 2.05*
4.0 86.35+0.01 500 46.12 £ 0.23 45.42 + 2.89
3.0 75.24 £ 0.44 250 33.25+0.07  30.02+0.23*
2.0 64.70 + 0.62 125 16.27 £ 0.62 15.14 £ 0.54
1.0 38.91+0.53 100 18.7 £ 0.08 9.86 + 0.14*

*P < 0.05 WSMoL vs. AEMOS
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Figure Captions

Fig. 1. Representative image of WSMoL in SDS-PAGE. Lanes 1, 2 and 3 represent the lectin incubated in
homogenate of rat duodenum, at 37 °C for 0, 1, and 3 h, respectively. Lane 4 contains only the lectin. The arrows
indicate the polypeptide bands corresponding to SDS-PAGE profile of WSMoL, showing that this lectin is not
digested in rat gut.

Fig. 2. Effects of AEMOS and WSMoL on levels of malondialdehyde (MDA) in maternal liver (A and B), urine
(C and D) and placenta (E and F). C and L are mothers, respectively, untreated and treated with LPS during
pregnancy, while LAEMOS, LWSMoL and LTempol are pregnant mothers treated with LPS and additionally
treated with AEMOS, WSMoL and tempol, respectively. Data are mean + SEM. *P < 0.05, **P < 0.01 vs. C
(Student t test). # P < 0.05, ##P < 0.01, P < 0.001 vs. L (One-way ANOVA followed by Student-Newman-Keuls).

Fig. 3. Effects of AEMOS and WSMoL on levels of superoxide anion, accessed by lucigenin-produced
luminescence, in placenta, before (A and B) and after NADPH (C and D) addition. Superoxide anion was accessed
by lucigenin-produced luminescence. C and L are mothers, respectively, untreated and treated with LPS during
pregnhancy, while LAEMOS, LWSMoL and LTempol are pregnant mothers treated with LPS and additionally
treated with AEMOS, WSMoL and tempol, respectively. Data are mean + SEM. *P < 0.05 vs. C (Student t test).
# P <0.05, #P < 0.01, P <0.001 vs. L (One-way ANOVA followed by Student-Newman-Keuls).

Fig. 4. Effects of AEMOS and WSMoL on levels of malondialdehyde (MDA) in fetal liver (A and B) and
superoxide anion in fetal kidney, before (C and D) and after NADPH (E and F) addition. Superoxide anion was
accessed by lucigenin-produced luminescence. C and L are fetuses from mothers, respectively, untreated and
treated with LPS during pregnancy, while LAEMOS, LWSMoL and LTempol are fetuses from mothers treated
with LPS and additionally treated with AEMOS, WSMoL and tempol, respectively. Data are mean + SEM. *P <
0.05, **P < 0.01 vs. C (Student t test). # P < 0.05, ##P < 0.01, P < 0.001 vs. L (One-way ANOVA followed by
Student-Newman-Keuls).

Fig. 5. Effects of AEMOS and WSMoL on levels of reduced glutathione (GSH) in maternal liver (A and B),
placenta (C and D) and fetal liver (E and F). C and L are groups, respectively, untreated and treated with LPS,
while LAEMOS, LWSMoL and LTempol are groups treated with LPS and additionally treated with AEMOS,
WSMoL and tempol, respectively. *P < 0.05 vs. C (Student t test).
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CONCLUSAO

O extrato aquoso das sementes da Moringa oleifera e uma de suas lectinas, a WSMoL,
tém efeito antioxidante nos 6rgaos materno, incluindo a placenta, quando administrados in vivo.
Desta forma podem afetar o desenvolvimento fetal, de forma direta, através do cruzamento da
barreira placentaria; ou de forma indireta, através da reducao do estresse oxidativo materno com

consequente melhora do fluxo sanguineo placentario.



ANEXO A - Carta do Comité de Etica em Experimentac¢do Animal

Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 8840 | 2126 B351

\ fax: (55 81) 2126 8350
www.ccb.ufpe.br
Recife, 08 de abril de 2015.

Oficio n°® 29/15

Da Comissao de Etica no Uso de Animais (CEUA) da UFPE

Para: Prof.2 Ana Durce Oliveira da Paixao
Universidade Federal de Pernambuco
Departamento de Fisiologia e Farmacologia — CCB
Processo n° 23076.009437/2015-15

Os membros da Comissao de Etica no Uso de Animais do Centro de Ciéncias
Biologicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado, “Estresse oxidativo placentario e desenvolvimento
renal fetal: anti-oxidantes bioativos para prevenir disfungao renal”.

Concluimos que os procedimentos descritos para a utilizagdo experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentagdo Animal e com as normas internacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quais s@o
adotadas como critérios de avaliagao e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, que trata da questdo do uso de animais para fins
cientificos e didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a

serem realizados.

Origem dos animais: Biotério; Animais: ratos; Linhagem:
Wistar; Idade: 90 dias; Peso: 250g; Sexo: fémeas; Numero .
total de animais: 48. Atenciosamente,

7\

%ﬁ %%/

Presdente da CEUA | CB- UPPE
Urpe SIAPE 1801584

CCB: Integrar para desenvolver

64



