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APRESENTACAO

No item INTRODUCAO consta uma revisio sucinta da literatura sobre os temas
trabalhados nesta dissertacéo.

A metodologia realizada e os resultados obtidos que fazem parte desta dissertagéo
estdo apresentados no item MANUSCRITO sob a forma de um manuscrito redigido em inglés
conforme as normas do periédico ao qual foi submetido. No mesmo constam as secdes:
Introducdo, Materiais e Métodos, Resultados, Discussdo e Referéncias Bibliogréficas.

Os itens CONCLUSOES e PERSPECTIVAS, encontrados no final desta dissertacéo,
apresentam conclusdes gerais sobre os resultados do manuscrito presente neste trabalho e as
perspectivas para futuros trabalhos.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citagdes que
aparecem no item INTRODUGCAO desta dissertacio.



RESUMO
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O estresse oxidativo tem sido relacionado a algumas desordens neurodegenerativas.
As terapias atuais para essas doencas estdo limitadas a atenuar os sintomas apresentados,
entretanto alguns estudos tém mostrado que compostos antioxidantes podem ser capazes de
prevenir ou retardar o dano oxidativo neuronal, incluindo aqueles presentes em extratos
vegetais. Por esses motivos, neste trabalho foi investigada a possivel atividade antioxidante do
extrato etandlico das folhas de Luehea divaricata em cérebro de ratos in vitro e 0s possiveis
mecanismos antioxidantes envolvidos. O extrato foi avaliado contra a peroxidagdo lipidica
basal e induzida por nitroprussiato de sédio (NPS) 5 uM em cérebro de ratos através da
quantificacdo da producdo de espécies reativas ao acido tiobarbitdrico (TBARS). Fatias de
areas do cérebro foram tratadas com NPS 100 uM e extrato para determinar a viabilidade
celular através do ensaio da reducdo do MTT. A atividade scavenger do extrato foi testada
contra ON, DPPH’ e OH" através do reagente de Griess e dos ensaios de DPPH" e de oxidacdo
da desoxirribose, respectivamente. A capacidade quelante e redutora frente ao ferro foram
determinadas através do método da orto-fenantrolina. O extrato foi analisado por HPLC
quanto a presenca dos &cidos galico, clorogénico e cafeico, quercetina, rutina e kaempferol.
Somente a rutina foi detectada e entdo usada como padrdo, nas mesmas concentracfes do
extrato, em todos os testes. O extrato de L. divaricata (1-10 pug/ml) protegeu 0 cérebro contra
peroxidacdo lipidica induzida, diminuiu os niveis basais de TBARS (+ 50%) e manteve as
células vidveis. O extrato ndo foi capaz de proteger a desoxirribose contra OH" e de quelar o
ferro, entretanto inibiu ON e DPPH" em 33,14% a 20 pg/ml e 53,93% a 50 pg/ml
respectivamente, e mostrou poder redutor de maneira concentracdo e tempo dependentes.
Assim, o extrato etandlico das folhas de L. divaricata demonstrou propriedade antioxidante in
vitro em baixas concentracdes. Os mecanismos antioxidantes foram relacionados ao efeito
scavenger de espécies reativas de oxigénio e de nitrogénio e a atividade redutora de metais.
Esses efeitos foram similares ou superiores em comparacdo as mesmas concentracdes de
rutina, exceto na capacidade scavenger de ON e, portanto, outros compostos ainda nao
determinados no extrato parecem estar associados as atividades observadas neste trabalho.
Mais estudos devem ser realizados em relacdo a identificacdo desses compostos e a atividade
neuroprotetora do extrato.

Palavras-chave: Acoita-cavalo, Compostos fenolicos. Espécies reativas de nitrogénio.
Espécies reativas de oxigénio. Extrato vegetal. Neuroprotecéo.
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Oxidative stress has been linked to some neurodegenerative disorders. Current
therapies are limited to attenuate the symptoms, however some studies have shown that
antioxidant compounds may be able to prevent or delay neuronal oxidative damage, including
those present in plant extracts. For these reasons, this study investigated the possible
antioxidant activity of the ethanolic extract of Luehea divaricata leaves in brain of rats in
vitro and the possible antioxidant mechanisms involved. The extract was evaluated against
basal and sodium nitroprusside (SNP) 5 uM induced lipid peroxidation in brain of rats
through measurements of thiobarbituric acid reactive substances (TBARS) production. Slices
of brain areas were treated with SNP 100 uM and extract to determine cellular viability by
MTT reduction assay. Scavenger activity was evaluated against NO, DPPH" and OH’ through
Griess reagent, DPPH" and deoxyribose oxidation assays, respectively. The chelating and
reducing capacity for iron were determined by the orto-phenantroline method. The extract was
screened by HPLC for the presence of gallic, chlorogenic, and caffeic acids, quercetin, rutin,
and kaempferol. Only rutin was detected and then was used, in the same concentrations of the
extract, as standard in all assays. L. divaricata extract (1-10 ug/ml) protected against induced
lipid peroxidation, decreased basal levels of TBARS (about 50%) and maintained the cells
viable. The extract was not able to protect deoxyribose against OH" and to chelate iron,
however it inhibited NO and DPPH" in 33.14% at 20 pg/ml and 53.93% at 50 pg/mi
respectively, and showed a reducing power in a concentration and time dependent manner.
Therefore, L. divaricata ethanolic leaf extract showed antioxidant properties in vitro at low
concentrations. The antioxidant mechanisms were related to scavenger activity on reactive
oxygen and nitrogen species and metal reducing property. These effects were similar or more
powerful than rutin in same concentrations in all assays, except in NO scavenger activity, and,
thus, other unidentified compounds present in the extract appear to be associated with the
effects observed in this study. More studies are needed regarding the identification of these
compounds and the neuroprotective activity of the extract.

Keywords: Acoita-cavalo, Neuroprotection. Phenolic compounds. Plant extract. Reactive
oxygen species. Reactive nitrogen species.
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1 INTRODUCAO

O metabolismo celular produz continuamente espécies reativas de oxigénio (EROS)
como subprodutos da respiracdo e de algumas atividades enziméticas (xantina oxidase e
ciclooxigenases, por exemplo), como sistema de defesa em células fagociticas e de transducéo
de sinal (FINKEL, 2011; HALLIWELL, 1994; PARK et al., 2004) e através de metais
cataliticos presentes no organismo, como o cobre e o ferro, através da reacdo de Fenton (H,O,
+ Fe’*— Fe*" + OH + OH") (HALLIWELL; GUTTERIDGE, 1999). Essas espécies reativas
também podem ser produzidas por alteracGes biol6gicas causadas por fatores enddgenos,
como mutacGes genéticas (WEI et al., 2001), ou exdgenos, como cigarro (KIRKHAM,;
RAHMAN, 2006), radiagdo (TYRRELL, 2012; YOSHIDA et al., 2012) e xenobioticos
(BALK et al., 2010; MOON; RICHIE; ISOM, 2010).

As EROs incluem o anion superdxido (Oy), o radical hidroxil (OH®), o oxigénio
singleto (*O,) e o peroxido de hidrogénio (H,0,) (HALLIWELL; GUTTERIDGE, 1999). O
radical superéxido pode ainda reagir com o oxido nitrico (ON) formando peroxinitrito
(ONOO), uma espécie reativa de nitrogénio (ERN), e consequentemente espécies reativas
derivadas (WHITEMAN et al., 2004).

Geralmente, as espécies reativas podem ser neutralizadas por antioxidantes
enzimaticos e ndo enzimaticos. Os enzimaticos incluem as enzimas superéxido dismutase
(SOD), catalase (CAT), glutationa peroxidase (GPx) e glutationa redutase (GR), enquanto os
ndo enzimaticos incluem moléculas enddgenas, como glutationa e NADPH, e exdgenas, como
acido ascorbico (vitamina C) e a-tocoferol (vitamina E) (VALKO et al., 2007).

As SOD formam um grupo de metaloenzimas que catalizam a conversdo do O, em
H,0,. Em humanos, elas se expressam em trés formas que diferem estruturalmente pelo metal
e pelo nimero de subunidades: a SOD citosélica cobre-zinco (SOD1) (McCORD;
FRIDOVICH, 1969), a mitocondrial manganés (SOD2) (McCORD,1976) e a extracelular
cobre-zinco (SOD3) (MARKLUND, 1982). A CAT catalisa a conversdao de H,O, em H,0 e
O, e é particularmente importante quando ha pouca disponibilidade de glutationa (VALKO et
al., 2007). A GPx constitui uma familia de selénio-enzimas que detoxificam peroxidos através
da oxidacdo de duas moléculas de glutationa. Esta pode ser posteriormente reduzida de volta
pela GR a partir de elétrons do NADPH (BRIGELIUS-FLOHE, 1999; (HERBETTE;
ROECKEL-DREVET; DREVET, 2007; VALKO et al., 2007). As vitaminas C e E reagem de


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herbette%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roeckel-Drevet%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Drevet%20JR%22%5BAuthor%5D
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forma ndo catalitica, diretamente no radical, neutralizando-o (HALLIWELL; GUTTERIDGE,
1999).

A formacdo de EROs conduzida a concentragdes fisiologicas é necesséria para a
funcdo celular normal, mas em quantidades excessivas pode levar ao estresse oxidativo
(NORDBERG; ARNER, 2001). O estresse oxidativo ocorre quando ha um desequilibrio entre
fatores oxidantes e antioxidantes em favor dos oxidantes, causando destruicdo e danos
irreversiveis a componentes celulares, incluindo proteinas, lipidios, DNA e RNA
(HALLIWELL; GUTTERIDGE, 1999). No DNA, as espécies reativas podem lesar tanto as
bases nitrogenadas quanto a desoxirribose causando mutacbes e cancer (BARREIROS;
DAVID, 2006).

Lipidos insaturados sdo particularmente suscetiveis a oxidacdo e, por isso, a
peroxidacéo lipidica € um marcador sensivel do estresse oxidativo. A peroxidacao lipidica € o
resultado do ataque de espécies reativas sobre a ligacdo dupla de &cidos graxos insaturados,
como o &cido linoleico e o acido araquidonico, para gerar radicais lipoperdxidos altamente
reativos, que iniciam uma reacdo em cadeia de ataque a outros &cidos graxos insaturados. A
reacao em cadeia leva a formacao de produtos de degradacéo, incluindo 4-hidroxi-2,3-nonenal
(HNE), acroleina, malondialdeido (MDA) e F,-isoprostanos (BARNHAM; MASTERS;
BUSH, 2004). A reacdo de peroxidacdo lipidica pode ser acelerada por ferro e cobre
(HALLIWELL; GUTTERIDGE, 1984). Os efeitos globais da peroxidacdo lipidica sao:
diminuicdo da fluidez da membrana, aumento da permeabilidade da membrana para
substancias que normalmente s a atravessam através de canais especificos (por exemplo, K*,
Ca”") e danos a proteinas da membrana, inativando receptores, enzimas e canais idnicos
(HALLIWELL, 2006).

O aumento de Ca?* intracelular induzido por estresse oxidativo pode ativar a
fosfolipase A, e liberar acido araquiddnico a partir de fosfolipidos da membrana. O acido
araquidénico livre pode, entdo, sofrer peroxidacao lipidica e também atuar como um substrato
para a sintese de eicosandides (FAROOQUI et al., 2001). O influxo de Ca?* também gera uma
resposta excitotoxica, pela ativacdo dos receptores de glutamato, que desencadeia uma cascata
de eventos conduzindo a morte celular (MATTSON; CHAN, 2003; YAMAMOTO et al.,
1998).

A acroleina regula negativamente a captacdo de glutamato e glicose em cultura de
células (LOVELL; XIE; MARKESBERY, 2000), enquanto o HNE modifica proteinas,
resultando em um grande nimero de efeitos, incluindo a inibicdo do transportador de glicose
neuronal tipo 3, do transportador de glutamato tipo 1 (KELLER et al., 1997) e de Na'/K"
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ATPases (MARK et al.,, 1995). Ele também ativa a p38 MAPK, induzindo apoptose
(TAMAGNO et al., 2003).

Dessa forma, o estresse oxidativo tem sido implicado como a causa principal de danos
celulares em uma diversidade de anormalidades clinicas, incluindo aquelas relacionadas ao
sistema nervoso central (HAYASHI, 2009). O dano oxidativo pode ocorrer em todo o
organismo, porém o cérebro é um 6rgdo particularmente suscetivel. Isso se deve, entre outras
causas, ao seu alto consumo de oxigénio e a sua concentracdo relativamente baixa de
antioxidantes e elevada de metais de transicdo, como o ferro, e de &cidos graxos
poliinsaturados, propiciando a ocorréncia de peroxidacdo lipidica (HALLIWELL, 2006;
REITER, 1995).

Muitas desordens neurodegenerativas tém sido relacionadas ao estresse oxidativo, por

exemplo:

= Doenca de Parkinson: a dopamina liberada no citoplasma do neurdnio pode sofrer
oxidacdo e gerar EROs, que lesam proteinas e lipidios (BARNHAM; MASTERS;
BUSH, 2004; ZHOU; HUANG; PRZEDBORSKI, 2008). Consequentemente pode
ocorrer a morte de neurénios dopaminérgicos da substancia negra e o desenvolvimento
de rigidez muscular, bradicinesia e tremor caracteristicos da doenca (SPILLANTINI et
al., 1997).

= Doenca de Alzheimer: os portadores da doenga apresentam declinio cognitivo

progressivo e depdsitos de placas amildides nos neurénios, cujo principal constituinte
€ 0 peptideo beta-amildide (AB) (GLENNER; WONG, 1984; KANG et al., 1987;
MASTERS et al, 1985). Evidéncias sugerem que esse peptideo atua como
antioxidante e é secretado dentro dos neurdnios como medidas compensatorias
tomadas pelas células contra danos do estresse oxidativo. Porém, o estresse oxidativo
ndo cessa e o0 dano neuronal se propaga (HAYASHI et al., 2007; NAKAMURA et al.,
2007; SMITH et al., 2002).

= Doenca de Huntington: é causada por uma expansdo de poliglutamina na proteina
huntingtina e herdada de forma autossémica dominante (LIN; BEAL, 2006). A

toxicidade parece estar relacionada a: (1) ligacdo da proteina a mitocondria e (2)
alteracdo de genes envolvidos na fungdo mitocondrial e na producdo de EROs (LIN;
BEAL, 2006; LUTHI-CARTER; CHA, 2003). Ha perda de neurdnios de projecao
longa no coértex e estriado levando ao desenvolvimento de coréia, distarbios
psiquiatricos e deméncia (LIN; BEAL, 2006).
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= Esclerose lateral amiotrofica: é caracterizada por fraqueza progressiva, atrofia e

espasticidade do tecido muscular, refletindo a degeneracéo de neurdnios motores da
medula espinhal, cortex e tronco cerebral. Pode ser familiar, associada a muta¢des na
SOD Cu/zZn (SOD1) (MATTIAZZI et al.,, 2002), ou esporédica, relacionada a
anormalidades mitocondriais e a producdo exacerbada de EROs. (LIN; BEAL, 2006,
LIU et al., 2004).

As estratégias terapéuticas atuais para essas doencas estdo limitadas a atenuar 0s
sintomas apresentados, sem deter sua progressao. Ha evidéncias de que compostos que atuam
removendo radicais livres ou evitando a sua formacgdo tém sido capazes de prevenir ou
retardar o dano oxidativo neuronal in vitro (HALLIWELL, 2006). Ha também alguns dados
clinicos indicando a acdo neuroprotetora de substancias que possuem atividade antioxidante,
tais como selegilina, vitamina E e Gingko biloba (ROSLER et al., 1998). Por isso, diversos
grupos de pesquisa tém se interessado pela descoberta e pelo estudo de substancias
potencialmente antioxidantes com atividade neuroprotetora.

Devido ao grande nimero de espécies vegetais e a presenca de diferentes compostos
antioxidantes em seus extratos, aumentam-se as chances de identificacdo de substancias com
atividades neuroprotetoras. Assim, muitas patologias que hoje permanecem sem um
tratamento adequado, poderdo vir a ser tratadas de forma mais eficiente a partir de novos e
potentes farmacos de origem vegetal (SIMOES et al., 2004).

A atividade antioxidante de extratos vegetais tem sido atribuida aos polifendis
(PESCHEL et al., 2006; SILVA, 2005), que também mostraram ter atividade antiinflamatoria,
antimutagénica e anticarcinogénica (KIM et al., 2012; KRIZKOVA et al., 2008; PEREIRA et
al., 1996). Os polifenois incluem os flavonoides, os triterpenos e 0s taninos, e sdo metabdlitos
secundarios das plantas. Estudos demonstraram que estes compostos sdo mais efetivos que as
vitaminas C e E em proteger as células contra o dano causado por espécies reativas
(WISEMAN; BALENTINE; FREI, 1997; VINSON et al., 1995). Os mecanismos pelos quais
os polifenois tém sido relacionados a atividade antioxidante sdo basicamente: atividade
neutralizante de radicais livres, atividade quelante de ions metalicos, doacdo de hidrogénio e
acdo como substrato para espécies reativas (BARREIRA et al., 2008; RICE-EVANS;
MILLER; PAGANGA, 1996).

Pesquisas tém demonstrado o efeito neuroprotetor in vitro e in vivo de diferentes
extratos vegetais e seus componentes isolados. Por exemplo, o extrato de erva-cidreira

(Melissa officinalis) apresentou atividade protetora em homogeneizado de cérebro de ratos


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DSilva,%2520C.G.%26authorID%3D8609382500%26md5%3Dc54c2f89b4050732de27dff86cd3e0e1&_acct=C000037899&_version=1&_userid=687358&md5=4298c7ee346d68a0337d94cb7663bd3b
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contra trés substancias prooxidantes (ferro, nitroprussiato de sodio e &cido 3-nitropropidnico)
(PEREIRA et al., 2009). Ainda, o seu uso em pacientes com Alzheimer causou diminuicdo da
perda cognitiva e bom efeito sedativo (SANTOS-NETO et al., 2006). O extrato de lavanda
(Lavandula augustifolia) também mostrou efeito benéfico em modelo de Doenga de
Alzheimer em ratos, revertendo a diminuicdo da aprendizagem espacial (KASHANI et al.,
2011). Em um modelo de Doenga de Parkinson em roedores utilizando o agente indutor de
parkinsonismo 1-metil-4-fenil-1,2,3,6-tetrahidropiridina (MPTP) e seu metabdlito ativo 1-
metil-4-fenilpiridinio (MPP™), o ginseng bloqueou a perda de células da substancia negra e
reduziu o aparecimento de disfungédo motora (VAN KAMPEN et al., 2003).

Entretanto, devido a grande diversidade, muitas espécies vegetais ainda ndo foram
bem estudadas farmacologicamente, como, por exemplo, a Luehea divaricata. Luehea
divaricata Mart., pertencente a familia Tiliaceae, € uma arvore de grande porte natural do
Brasil, Argentina e Paraguai. Também apresenta as sinonimias de Luehea speciosa Wild.,
Brotera mediterranea Vell. e Luehea parvifolia Mart. No Brasil, pode ser encontrada em
diversos estados, desde o Rio Grande do Norte até o Rio Grande do Sul e é popularmente
conhecida como acoita-cavalo (ALICE et al., 1995; LORENZI, 1998). As folhas sdo usadas
tradicionalmente para tratar disenteria, leucorréia, gonorreia, reumatismo e tumores, a infuséo
das flores é usada contra bronquite, o caule em feridas de pele e a raiz é depurativa
(TANAKA; VIDOTTI; SILVA, 2003; TANAKA et al., 2005).

Bortoluzzi et al. (2002) revelaram, na analise fitoquimica das folhas de L. divaricata, a
presenca de flavonoides, taninos catéquicos, saponinas e mucilagem e, em menor quantidade,
alcaloides, oOleos fixos, antocianidinas, carotenoides e polissacarideos. Alice et al. (1995)
demonstraram que antraquinonas livres, antracenosideos, taninos galicos, cumarinas e éleos
volateis ndo estdo presentes nas folhas dessa espécie. O estudo quimico do extrato bruto
metanolico das folhas revelou a presenca de acido 3b-p-hidroxibenzoil torméntico, &acido
maslinico, vitexina e glicopiranosilsitosterol (TANAKA et al., 2005).

Foram encontrados na literatura poucos trabalhos disponiveis sobre o potencial
farmacoldgico dessa planta. Em um estudo, Vargas, Guidobono e Henriques (1991) relataram
uma atividade genotoxica do extrato aquososo das folhas de L. divaricata no teste de Ames
(Salmonella/microssomo) com ativacdo microssomal. Tanaka et al. (2005) demonstraram
efeito citostatico sem seletividade e efeito citocida seletivo do extrato metandlico das folhas
em diferentes linhagens de células tumorais. Em um estudo de toxicidade conduzido por
Bighetti et al. (2004), camundongos que receberam o extrato bruto hidroalcodlico de L.

divaricata, na dose de 5,0 g/kg de peso corporal, administrado oralmente, ndo apresentaram
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sinais de toxicidade, mostrando que o extrato pode ser considerado praticamente atdxico
(LOOMIS, 1974).

Com base no contexto apresentado, este estudo foi realizado na intengdo de investigar
uma possivel atividade antioxidante produzida pelo extrato etandlico das folhas de Luehea
divaricata em cérebro de ratos in vitro, bem como os possiveis mecanismos antioxidantes

envolvidos.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a possivel atividade antioxidante do extrato etandlico das folhas de Luehea

divaricata Mart. in vitro.

2.2 Objetivos especificos

Determinar os efeitos do extrato de L. divaricata sobre a peroxidacao lipidica basal e
induzida por nitroprussiato de sddio em cérebro total, cortex, cerebelo, hipocampo e estriado

de ratos in vitro.

Determinar os efeitos do extrato sobre o decréscimo da viabilidade celular induzido

por nitroprussiato de sodio em cértex, cerebelo, hipocampo e estriado de ratos in vitro.

Investigar os possiveis mecanismos antioxidantes do extrato utilizando diferentes
espécies reativas e comparar os resultados obtidos com a atividade de uma substancia

antioxidante conhecida.
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Abstract

Oxidative stress has been implicated as a major cause of many clinical abnormalities. Thus,
different research groups have been interested for new antioxidant substances, especially from
natural sources. Whereby there are only few studies in literature describing pharmacological
effects of Luehea divaricata, we investigated the antioxidant potential of its ethanolic leaf
extract in vitro. The extract (1-10 pg/ml) was evaluated against physiological and sodium
nitroprusside (SNP) 5 uM induced lipid peroxidation in brain of rats through measurements of
thiobarbituric acid reactive substances (TBARS) production. Slices of brain areas were treated
with SNP 100 uM and extract (1-10 pg/ml) to determine cellular viability by MTT reduction
assay. Scavenger activity was evaluated against NO, DPPH" and OH’ through Griess reagent,
DPPH' and deoxyribose oxidation assays, respectively. The chelating and reducing capacity
for iron were determined by the orto-phenantroline method. L. divaricata extract (1-10 pug/ml)
protected against induced lipid peroxidation, decreased basal levels of TBARS (about 50%)
and maintained the cells viable. The extract was not able to protect deoxyribose against OH’
and to chelate iron, however it inhibited NO and DPPH" in 33.14% at 20 pg/ml and 53.93% at
50 pg/ml respectively, and showed a reducing power in a concentration and time dependent
manner. Rutin, present in the extract, was used as standard in all assays, but the extract
revealed similar or more powerful effect, except in NO scavenger activity. Therefore, L.
divaricata showed antioxidant properties in vitro which could be attributed to phenolic

content, including rutin and other unidentified compounds.

Keywords: Neuroprotection. Phenolic compounds. Plant extract. Reactive oxygen species.

Reactive nitrogen species.
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1. Introduction

Reactive species are continuously produced during cell metabolism™%*

or by
biological dysfunctions caused by endogenous or exogenous factors*>®’. Reactive oxygen
species (ROS) include superoxide anion (O2), hydroxyl radical (OH®), singlet oxygen (*O.)
and hydrogen peroxide (H»O;). The superoxide anion can react with nitric oxide (NO) and
form peroxynitrite (ONOQ), a reactive nitrogen specie (RNS), and other species derived from
it®.

The ROS formation at basal levels is necessary for normal cellular functions®°.
However, an imbalance between the production of reactive species and the antioxidant
defense system leads to oxidative stress which causes damage to cellular components™.
Therefore, oxidative stress has been implicated as a major cause of cellular injures,
particularly in the central nervous system******. The brain is highly susceptible to free radical
damage because of its high concentrations of unsaturated fatty acids susceptible to lipid
peroxidation, high concentration of iron and low concentration of antioxidant defense***.

In an attempt to protect against ROS and development of neurodegenerative
disorders, different researches have been directed to the screening of new therapies using
antioxidant substances, especially from natural sources®!’. Therapeutic properties of some
plant extracts used in traditional medicine have been linked to their capacity to produce
antioxidant activities. Such antioxidant properties found in plant extracts have been attributed
to the polyphenols®®*®.

Luehea divaricata Mart. (Tiliaceae) is a plant which grows in South America 2°. The
leaves are used popularly as treatment for dysentery, leucorrhea, rheumatism, blennorrhoea,

and tumors®. A phytochemical screening of L. divaricata leaves reported the presence of

flavonoids, tannins, saponins, and mucilage. Smaller quantities of alkaloids, fixed oils,
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antocianidins, carotenoids, and polysaccharides are also present. A chemical study of a
methanolic extract of the leaves describes the isolation of the triterpene 3p-p-hidroxibenzoil
tormentic acid, and a mixture containing maslinic acid, vitexin, and glicopiranosilsitosterol®.
Actually, there are only few studies in literature describing the pharmacological potential of
this plant. They reported a genotoxic activity of the aqueous extract of L. divaricata leaves?,
a cytostatic effect of the methanolic extract of the leaves” and an antimutagenic activity of
the aqueous extract of the bark?.
Considering the fact that some disorders are related to oxidative stress and the brain is
highly susceptible to ROS, we decided to investigate whether the ethanolic extract of L.
divaricata leaves possesses an antioxidant activity in brain of rats in vitro, and to suggest a

possible mechanism to its activity.

2. Materials and Methods

2.1. Chemicals

Gallic acid, deoxyribose, orto-phenanthroline, rutin, thiobarbituric acid (TBA),
malonaldehyde-bis-dimethyl acetal (MDA), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 3-
(4,5-Dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (MTT) were purchased from
Sigma (USA). Sodium nitroprusside (SNP, Naz[Fe(CN)sNO]-2H,0) was obtained from
Merck (Germany) and iron sulphate (FeSO,4) from Reagen (Brazil). All other reagents were

obtained from local suppliers.
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2.2. Animals

Male Wistar rats weighing 250 (£35.36) g, approximately 3 months of age, from our
own breeding colony, were maintained in an air conditioned room (20-25 °C) under natural
lighting conditions with water and food ad libitum. All experiments were conducted in
accordance with the guidelines of the Committee on Care and Use of Experimental Animal

Resources of Federal University of Santa Maria, Brazil.

2.3. Plant material

Luehea divaricata leaves were collected in Santa Maria (Rio Grande do Sul, Brazil)
during the flowering period.

The taxonomic identification was confirmed by the Department of Industrial
Pharmacy of the Federal University of Santa Maria and registered under the number 225 in

the Herbarium of the Industrial Pharmacy Department.

2.4.  Preparation of the extract

Leaves were collected manually and macerated three times with ethanol 70% (EtOH
70%) during 3 weeks at room temperature. The extracts obtained were filtrated under vacuum
and combined followed by concentration to dryness under reduced pressure rotary evaporator
at 37°C. The material was dissolved in EtOH 70% to prepare series concentrations. Rutin
powder was dissolved in the same vehicle and was used as standard compound. EtOH was

used for a final concentration of 3% in all assays.
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2.5.  Determination of total phenolic content

The total phenolic content was determined using Gallic acid as a standard phenol®*.
The reaction medium contained: 0.5 ml extract, 2.0 ml of 7.5% Na,CO3 and 2.5 ml of 10%
Folin-Ciocalteu reagent and was incubated at 45°C for 15 minutes. Afterwards, the
absorbance was measured at 765 nm. The total phenolic content was expressed as milligrams

of gallic acid equivalent/g extract.

2.6. HPLC-DAD qualitative and quantitative analysis

High performance liquid chromatography (HPLC-DAD) was performed with
Prominence Auto-Sampler (SIL-20A) equipped with Shimadzu LC-20AT (Shimadzu, Kyoto,
Japan) reciprocating pumps connected to a DGU-20A5 degasser and a CBM-20A integrator.
UV-VIS detector DAD SPD-M20A and software LC Solution 1.22 SP1 were used. Reverse
phase chromatography analyses were carried out with a Phenomenex C-18 column (4.6 mm X
250 mm) packed with 5 um diameter particles. Injection volume was 40 pl and the gradient
elution was conducted as previously shown®. UV absorption spectra were recorded in the
200-400 nm range.

Luehea divaricata leaf extract was screened for the presence of the following
polyphenolic compounds: gallic, chlorogenic, and caffeic acids, quercetin, rutin, and
kaempferol. Identification of the compounds was performed by comparing their HPLC
retention time and UV absorption spectrum with those of the commercial standards. Stock
methanolic solutions of standards were prepared in the range of 0.0025-0.045 mg/mL.
Quantification was carried out by integrating the peaks using external standard method at 327

nm wavelength for chlorogenic and caffeic acids and 365 nm for quercetin, rutin and



23
kaempferol. Chromatographic operations were carried out at ambient temperature and in

triplicate.

2.7.  Lipid peroxidation

The antioxidant effect of the L. divaricata leaf extract was evaluated against lipid
peroxidation stimulated by SNP (5 uM) and by basal conditions through measurements of
thiobarbituric acid reactive substances (TBARS) production®?’,

Rats were killed by decapitation and the whole brain was used or dissected into
cerebellum, cortex, hippocampus and striatum. Then, they were homogenized (1:10) in Tris-
HCI 10 mM buffer, pH 7.4 and centrifuged at 4,000X g for 10 min at 4°C. The low-speed
supernatant (S1) fraction obtained was used for TBARS measurements.

The low-speed supernatant (S1) was pre-incubated for 1h at 37°C in a buffered
medium with the L. divaricata leaf extract or rutin and SNP. Then, SDS 8.1%, acetic
acid/HCI buffer, pH 3.5, and thiobarbituric acid 0.6% were added and incubated for 1h at

95°C. TBARS formation was determined at 532 nm and results were expressed as percentage

of control.

2.8.  Cellular viability

Rats were Killed by decapitation and slices (0.4mm) of cerebellum, cortex,
hippocampus and striatum were obtained by transversally cuts using a Mcllwain chopper.
Cellular viability in these areas was quantified by measuring the reduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)®. SNP was used in the

concentration of 100 uM to induce a decrease in mitochondrial viability. L. divaricata leaf
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extract, rutin or vehicle and SNP (100 puM) were added directly to the slices and pre-
incubated for two hours at 37°C in oxygenated PBS buffer (124mM NaCl, 5mM KH;PQy,
10mM NazHPO,4, 5mM NaH2PO4, 10mM Glucose). After incubation, the slices were washed
twice with 0.5 ml of buffer. MTT reduction assay was performed in plates containing 500 pul
of buffer, and the reaction was started by adding 0.5 mg/ml MTT. After one hour of
incubation at 37°C, the medium was removed and the slices dissolved in dimethylsulfoxide
(DMSO). The rate of MTT reduction was measured at 570nm. The slices were homogenized
in SDS 1% and NaOH 0.1N solution and separated to carry out protein measurement

according to Lowry method®.

2.9.  Free radical scavenging assays

2.9.1. Scavenging activity of NO

Nitrite content was determined by Griess reagent® and NO scavenging activity was
expressed as the inhibition percentage of free radical by the sample and was calculated using
the following equation: % inhibition = (Ao - Asample)/Ao X 100, where Ao was the absorbance
of the control and Asampe Was the absorbance in the presence of different extract
concentrations. SNP (5 mM, in PBS) was incubated with L. divaricata leaf extract, rutin or
vehicle at 25°C. After 1h, 0.5 ml of incubation solution was sampled and mixed with 0.5 ml
of Griess reagent. The absorbance was measured at 550 nm. The values were compared with
control to determine the percentage of inhibition of nitrite reaction with Griess reagent

depicted by the L. divaricata leaf extract as an index of its NO scavenger activity*".
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2.9.2. DPPH?®scavenging activity

The assay was performed as previously shown®. Briefly, DPPHe solution (85 puM) was
added to a medium containing L. divaricata leaf extract, rutin or EtOH and the mixture was
incubated for 30 minutes at 25°C. The decrease in the absorbance measured at 518 nm
depicted the scavenger activity of the L. divaricata extract against DPPH" radical. DPPH’
scavenging activity was expressed as the inhibition percentage of free radical by the sample
and was calculated using the following equation: %inhibition= (Ao - Asample)/Ao X 100, where
Ao was the absorbance of the control and Asmpie Was the absorbance in the presence of

different extract concentrations.

2.10. Determination of oxidative damage to deoxyribose

The deoxyribose oxidation assay was performed as previously described*. Briefly,
oxidation was induced with H,O, and FeSO, alone and in combination. The reaction medium
was prepared containing the plant extract solution, deoxyribose 3mM, potassium phosphate
buffer 0.05 mM, pH 7.4, FeSO, 50 uM and/or H,0, 500 uM. Solutions of FeSO, and H,0,
were made prior to use. Reaction mixtures were incubated at 37°C for 30 min and stopped by
the addition of 0.8 ml of trichloroacetic acid (TCA) 2.8% followed by the addition of 0.4 ml
of thiobarbituric acid (TBA) 0.6%. Next, the medium was incubated at 100°C for 20 minutes

and the absorbance was recorded at 532 nm**.
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2.11. Iron chelating properties and reducing power

To examine iron chelating properties of the samples, the orto-phenantroline method
was used®. The method is based on the reaction of free Fe®* with 6-phenantroline forming a
colored complex. First, the mixture containing Fe?* (FeSO, 150 uM) and different
concentrations of the extract or vehicle were used to form a complex. Afterwards, a solution
of 6-phenantroline was added to the mixture (62.5 ug/ml equivalent to 0.25%). The formation
of complexes between Fe”* and the L. divaricata leaf extract at 30 and 60 minutes was
estimated by a decrease in the color reaction at 510 nm when compared to a control solution
containing Fe?* and 0-phenantroline alone.

In order to examine reducing power properties of L. divaricata leaf extract, the same
method was used. The method is based on the power of the extract in reducing the free Fe*" to
form Fe**. The Fe?* reacts with 0-phenantroline forming a colored complex. First, the mixture
containing Fe** (FeCl; 150 pM) and extract solutions in different concentrations or vehicle
were used. Afterwards, a solution of 6-phenantroline was added to the mixture (62.5 pg/ml
equivalent to 0.25%). The sample reducing power was estimated by an increase in the color
reaction at 510 nm when compared to a control solution containing Fe** and 6-phenantroline
alone in different time points (1,3, 6 and 24 hours). The values were expressed in absorbance.

The solutions were prepared freshly for each experiment.

2.12. Statistical Analysis

All data are presented as means + SEM. One-way ANOVA followed by Newman-

Keuls multiple comparison test was used to evaluate differences among the concentrations of

the extract. Two-way ANOVA followed by Bonferroni posttests was used to analyze
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interaction among time and concentration in the data of reducing power and to compare the
results of Luehea divaricata and the standard compound rutin. Results were considered

statistically significant when p<0.05.

3. Results

3.1.  Total phenolic content

The total phenolic content of the ethanolic extract of L. divaricata leaves was

calculated as an equivalent of gallic acid. Results showed 647.4 + 0.0055 mg equivalent of

gallic acid/g of L.divaricata leaf extract.

3.2. HPLC-DAD qualitative and quantitative analysis

HPLC analysis of Luehea divaricata leaf extract allowed the identification of rutin at a

concentration of 15.0575 £ 0.41 mg/g of extract (Figure 1) but not of gallic, chlorogenic, and

caffeic acids, quercetin and kaempferol. Two unidentified two peaks were detected.

3.3. Lipid peroxidation

SNP induced a significant increase of > 200% vs. control (p<0.05) in TBARS levels in

whole brain of rats (p<0.05, Fig.2A). L. divaricata maintained the TBARS levels at control

levels starting at 5 pg/ml (p<0.05, Fig. 2A) and also decreased basal levels of TBARS starting

at 1pug/ml (about 50%) and was more powerful than rutin in this case (p<0.05, Fig. 2A).
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Because L. divaricata leaf extract was able to protect whole brain against basal and
SNP-induced lipid peroxidation, we asked whether the extract antioxidant effect was
dependent of the brain region evaluated.

Figure 2B-E shows the activity of L. divaricata in cerebellum, cortex, hippocampus,
and striatum of rats respectively. Our results demonstrated that the extract significantly
decreased TBARS levels generated by basal conditions and by SNP in the isolated brain
structures in a similar manner starting at 1 pg/ml. The effect was concentration dependent and

was more powerful than rutin in the same concentrations (p<0.05).

3.4. Cellular Viability

Figure 3A-D shows the cellular viabilities in different regions of rat brains. SNP 100
MM induced a significant decrease of cellular viability (p<0.05) in slices of cerebellum (30
%), cortex (28 %), and hippocampus (40 %), while L. divaricata maintained the viabilities at
control levels at the concentrations of 1, 2.5, and 1 pg/ml, respectively (Figure 3A-C). The
effect was not concentration dependent and was the same of rutin, except in cortex, where the
standard compound did not maintain the viability at control levels in all concentrations tested.

SNP group was not statistically different from control in striatum (Fig. 3D).

3.5.  Free radical scavenging activity

The inhibitory effect of L. divaricata leaf extract on NO radicals was concentration
dependent and started at 5 pg/ml (15.86% of inhibition, p<0.05), with a maximum inhibition
of 33.14% at 20 pg/ml (p<0.05, Figure 4A). Rutin showed an inhibition of 27% at 5 pg/ml,

40.75% at 20 pg/ml and a maximum inhibition of 59% at 50 pg/ml (p<0.05, Figure 4A).
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The extract significantly reduced levels of the DPPH® radical in a concentration
dependent manner (p<0.05, Figure 4B). This assay revealed that the extract possesses a
significant DPPH® radical scavenging activity, showing an inhibition of 9.92% at 1 pg/ml and
reaching the maximum of 53.93% inhibition of the radical at 50 pg/ml. Rutin showed an
inhibition of 1.47% at 1 pg/ml and was not significantly different from control and reached
the maximum inhibition of 47.22% at 50 pg/ml. L. divaricata and rutin had a similar

scavenging activity on DPPH radical with statistical difference only at 2.5 and 75 pg/ml.

3.6. Inhibition of deoxyribose oxidation

The oxidant species H,0, and Fe?* alone and inducing Fenton reaction (Fe?* + H,0,)
were able to stimulate deoxyribose oxidative degradation and increase MDA formation (about
200, 750 and 900% of control respectively). However, the protective effect of Luehea
divaricata leaf extract and rutin, at concentrations of 1, 2.5, 5 or 10 pg/ml was not statistically
different from vehicle (Fig.5). Therefore, the extract did not protect against deoxyribose

degradation induced by any oxidant species tested.

3.7. Iron chelating properties and reducing power

Figure 6A shows the reducing power of L. divaricata leaf extract. The extract
demonstrated a reducing power in a concentration and time dependent manner as indicated by
a significant effect in a two-way ANOVA followed by Bonferroni posttests [F=12.04, p<
0.0001]. Moreover, one-way ANOV A showed a significant effect of the extract starting at 2.5

pg/ml (p<0.05) at one hour of incubation.
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Figure 6B shows the reducing power of rutin. The interaction among time and
concentration was not significant as indicated by a two-way ANOVA followed by Bonferroni
posttests [F=0.81, p=0.6718]. A one-way ANOV A showed a significant effect of rutin starting
only at 20 pg/ml (p<0.05) at one hour of incubation (Fig.6B). A two-way ANOVA also
showed a more powerful reducing property of the extract compared to rutin at 6 hours of
incubation in the concentrations of 10, 20 and 50 pg/ml and at 24 hours at 5, 10, 20 and
50ug/ml (Fig. 6A).
The chelating effect of the extract on iron (Fe?") was not significant at the

concentrations of 1, 2.5, 5, 10, 20, and 50 pg/ml (data not shown).

4. Discussion

Epidemiological studies show an inverse association between the daily consumption of
fruits, vegetables, some tea and wine, and the risk of degenerative and chronic diseases®. The
protective effects have been attributed to their antioxidant compounds, such as carotenoids,

143738 \which directed considerable attention towards identification

vitamins and polyphenols
of natural substances that can be used in therapeutic. In this study, we investigated in vitro
antioxidant activity of the ethanolic extract of Luehea divaricata leaves.

SNP used in this work as a pro-oxidant agent, acts through the release of NO and the
generation of ferricyanide anions [(CN)sFe]® that can react with H,O, via the Fenton
reaction, generating OH**°*°. Researchers have demonstrated the role of NO, which appears
to be a neuronal messenger in the central nervous system and also a reactive specie involved
in the pathophysiology of disorders such as Alzheimer’s and Parkinson’s diseases ***. Nitric

oxide can combines with O, to form ONOQ", a reactive specie capable of inducing lipid

peroxidation in lipoproteins®®. Cellular viability is also affected by SNP-induced oxidative
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stress*. The production of reactive species causes damage to inner and outer mitochondrial
membranes, as well as to the opening of the mitochondrial permeability transition pores,
thereby inducing apoptosis****.

In this work, SNP increased lipid peroxidation in brain homogenates. However, L.
divaricata ethanolic leaf extract showed an ability to protect the whole brain against SNP-
stimulated lipid peroxidation and also decreased basal lipid peroxidation in brain of rats in
vitro. Despite literature describes some regional differences among brain areas in relation of

pro-oxidant and antioxidant defenses*>*®

, the extract presented the same effect in cerebellum,
cortex, hippocampus and striatum. Furthermore, SNP decreased the number of viable cells in
slices of cerebellum, cortex and hippocampus of rats in vitro and the extract showed a
protective effect maintaining the cell viability.

In order to determine the antioxidant mechanisms by which the extract could be
exerting its activity, we first tested the extract scavenger activity against NO and DPPH". L.
divaricata leaf extract effectively reduced the amount of nitrite which reacted with Griess
reagent, indicating a NO scavenger activity and suggesting an inhibitory effect of RNS
formation®”. In addition, the extract showed a significant concentration dependent scavenger
activity against DPPH® radical, a reactive specie that have an electron free and a characteristic
absorption, which decreases significantly on exposure to antioxidants®®. The hydrogen
donation to the free radical and its reduction to non-reactive specie is a mechanism by which
the extract can remove the free radical®®.

The extract chelating and reducing activity on iron were also tested. The chelate can
be formed through various covalent bonds between the metal ion and the antioxidant,
preventing the first to be available to participate in oxidation-reduction reactions®. L.

divaricata extract, in the concentrations tested, did not show significant Fe®*-chelating

activity, and did not protect deoxyribose from Fe?" - induced oxidation. The extract was not
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able to protect deoxyribose against H,O, or hydroxyl radicals generated by the induced
Fenton reaction. However, the extract was able to reduce Fe** to Fe?* ions, which can be
related to the presence of reducing molecules in the extract that exerts antioxidant activity by
electron donation to metallic ion>°.

It is well known that the polyphenols exhibit considerable free radical scavenging
activities through their reactivity as hydrogen- or electron-donating agents and their catalytic
metal reducing properties®’. L. divaricata leaf extract analyzed in this study showed a high
content of phenolic compounds, thus, we suggest that the antioxidant activity demonstrated
here could be attributed to them. In addition, the HPLC analyses identified the presence of
rutin, which is a flavonoid with described antioxidant potential®®®*. The L. divaricata extract
showed an antioxidant activity similar or more powerful than rutin in same concentrations in
all assays, except in NO scavenger activity. Therefore, the effect of the extract is possibly
related to other unidentified compounds in addition to rutin.

Data from literature shows that the pharmacological properties of plant crude extracts
can be lost when specific components are isolated, indicating that some of these properties
may be related to the synergistic effect of various compounds. Thus, extracts can offer major
advantages over the single compounds, since they offer lower cost and toxicity, and greater
pharmacological activity>*.

In summary, our study shows an antioxidant activity of low concentrations (1-10
pag/ml) of the ethanolic extract of L. divaricata leaves through a protective effect against lipid
peroxidation and decrease in cellular viability induced by SNP in brain of rats in vitro. This
activity is probably due to the antioxidant potential of polyphenols present in the extract, with
ROS and RNS scavenger and metal reducing properties. Further studies are needed to identify
other compounds in the extract, besides rutin, that could be the responsible for the antioxidant

effects depicted here.
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Legend of Figures

Fig.1. HPLC analysis for L. divaricata revealed the presence of rutin (retention time
~36.20 min). Unidentified two peaks were also detected. Three independent experiments were

performed and similar results obtained.

Fig.2. Effects of L. divaricata leaf extract on lipid peroxidation stimulated by SNP (5
uM) and by basal conditions in whole brain (A), cerebellum (B), cortex (C), hippocampus (D)
and striatum (E) of rats. The homogenates of brain structures were pre-incubated with L.
divaricata leaf extract (1, 2.5, 5 and 10 pg/ml), rutin in the same concentrations or vehicle
(EtOH) and SNP. Results are expressed as percent of control £+ SEM. Values are considered
significantly different by one-way ANOVA, followed by Newman-Keuls Multiple
Comparison Test. 100% of control corresponds to 2.045 + 0.251 nmol MDA (A), 1.762 +
0.181 nmol MDA (B), 1.995 + 0.355 nmol MDA (C), 2.376 + 0.681 nmol MDA (D) and
1.870 + 0.379 nmol MDA (E): (*) indicates statistical difference from control (dotted line),
(#) indicates statistical difference from SNP and (*) indicate statistical difference among
different concentrations of the extract (p<0.05). L. divaricata was compared to rutin by Two-
way ANOVA followed by Bonferroni posttests and ($) indicates statistical difference among
same concentrations (p<0.05).Vehicle was not different from control in all assays and is not

represented. All experiments were performed in duplicate (n=6).

Fig.3. Protective effect of L. divaricata leaf extract on the decrease of cellular viability
induced by SNP (100 uM) evaluated by the MTT reduction assay. Slices of cerebellum (A),
cortex (B), hippocampus (C) and striatum (D) of rats were pre-incubated with L. divaricata

leaf extract (1, 2.5, 5 and 10 pg/ml), rutin in the same concentrations or vehicle and SNP.
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Results are expressed as the percentage of control (without SNP) + SEM. Values are
considered significantly different by one-way ANOVA, followed by Newman-Keuls Multiple
Comparison Test. (*) indicates statistical difference from control (dotted line) and (#)
indicates statistical difference from SNP (p<0.05). L. divaricata was compared to rutin by
Two-way ANOVA followed by Bonferroni posttests and ($) indicates statistical difference
among same concentrations (p<0.05).Vehicle was not different from control in all assays and

is not represented. All experiments were performed in duplicate (n=6).

Fig.4. Scavenger activity of L. divaricata leaf extract on NO (A) and DPPH®* radical
(B). NO scavenging activity was determined using the Griess reagent. SNP (5 mM) was
incubated 60 min with L. divaricata leaf extract (1, 2.5, 5, 10, 20, 50, 75 and 100 pg/ml), rutin
in the same concentrations or vehicle. For DPPH’ scavenger activity, L. divaricata (same
concentrations), rutin or vehicle were incubated for 30 minutes with DPPH" (85uM) and the
decrease in the absorbance depicted the scavenger activity of the extract. Results are
expressed as percent of inhibition in relation to control + SEM. The mean control value is
21.07 + 0.089 uM of nitrite (A) and 0.7859 + 0.0228 ABS (B). (*°) indicate statistical
difference among different concentrations and (*) indicates statistical difference from control
by one-way ANOVA followed by Newman-Keuls Multiple Comparison Test (p<0.05). ($)
indicates statistical difference among L. divaricata and rutin at the same concentrations by
Two-way ANOVA followed by Bonferroni posttests (p<0.05). Vehicle was not different from
control in all experiments and is not represented. All experiments were performed in

duplicate (n = 6).
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Fig.5. Effect of L. divaricata on oxidative damage to deoxyribose induced by H20,
500 UM (A) Fe?* 50 uM (B) and H20,500 uM + Fe?* 50 uM (C). Results are expressed as the
percentage of control = SEM. Values are considered significantly different by one-way
ANOVA, followed by Newman-Keuls Multiple Comparison Test. (*) indicates statistical
difference from control (dotted line) and (#) indicates statistical difference from the oxidant
compound (p<0.05). L. divaricata was compared to rutin by Two-way ANOVA followed by

Bonferroni posttests. All experiments were performed in duplicate (n=6).

Fig.6. Reducing power evaluated by spectrophotometer detection of Fe** to Fe*
transformation using 150 uM FeCls and 62.5 pg/ml orto-phenantroline . (A) L. divaricata leaf
extract (1, 2.5, 5, 10, 20 and 50 pg/ml) and (B) Rutin. The reduction was expressed in
absorbance + SEM in different times: 1 (®); 3 (A); 6 (m) and 24 hours (). The mean control
value is 0.0137+0.0024 ABS. (*) indicates statistical difference from control by one-way
ANOVA followed by Newman-Keuls Multiple Comparison Test (p<0.05). ($) indicates
statistical difference among same concentrations of L. divaricata and rutin by Two-way
ANOVA followed by Bonferroni posttests (p<0.05). Vehicle was not different from control in

all experiments and is not represented. All experiments were performed in duplicate (n=6).
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Figure 2
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4 CONCLUSOES

Os resultados apresentados neste trabalho aumentam o conhecimento do potencial
farmacol6gico da espécie vegetal Luehea divaricata. Nesse estudo, foi demonstrada, pela
primeira vez, a atividade antioxidante de baixas concentracGes (1-10 pg/ml) do extrato
etandlico das folhas de L. divaricata. Essa atividade pode ser observada através da reducao
dos niveis basais de peroxidacdo lipidica pelo extrato, bem como do seu efeito protetor contra
a peroxidacéo lipidica e o decréscimo da viabilidade celular induzidos por nitroprussiato de
sodio em cérebro de ratos in vitro.

Os mecanismos antioxidantes foram relacionados a propriedade neutralizante de
espécies reativas de oxigénio e de nitrogénio e a atividade redutora de metais, exercidas,
provavelmente, pelos polifendis presentes no extrato. Neste trabalho, o extrato de L.
divaricata ndo mostrou atividade quelante e ndo protegeu a desoxirribose do dano oxidativo
gerado por Fe?* e H,0, isoladamente ou em conjunto. Os efeitos demonstrados foram
similares ou superiores em comparacdo as mesmas concentragdes de rutina, exceto a
capacidade neutralizante de oOxido nitrico, onde a rutina foi mais potente. Assim, outros
compostos ainda ndo determinados no extrato etandlico de L. divaricata devem estar

associados as atividades observadas em nosso estudo e precisam ser analisados.
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5 PERSPECTIVAS

A partir dos resultados obtidos, mais estudos tornam-se necessarios para identificar
outros compostos presentes no extrato etandlico das folhas de Luehea divaricata, além da
rutina, responsaveis pelo efeito antioxidante demonstrado neste trabalho. E necessario

também investigar a atividade antioxidante e neuroprotetora in vivo desse extrato.
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