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Resultados, Discussdo e Referéncias Bibliogréficas;

Parte I11: Discussao final;

Parte IV: Referéncias bibliogréaficas referentes a Introdugdo e Discusséo final.
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RESUMO

Vérias ervas culinarias e especiarias tém sido relatadas como fonte de agentes
neuroprotetores inovadores com base na inibicdo da acetilcolinesterase (AChE),
atividades antioxidante e anti-inflamatdria. Neste contexto, estudos recentes tém
demonstrado as propriedades neuroprotetoras de espécies da familia Lamiaceae. O
objetivo deste trabalho foi avaliar a acdo antioxidante e neuroprotetora de Ocimum
americanum Linn. (Lamiaceae, "alfavaca", "manjericdo"), uma espécie de
manjericdo que é comumente utilizada como condimento. Fatias hipocampais de
ratos jovens e envelhecidos foram incubadas com diferentes concentragcdes do
extrato etandlico de Ocimum americanum (EEOA) e submetidas a lesdo induzida
por perdxido de hidrogénio (H,0,); a atividade mitocondrial e a liberacdo de lactato
de desidrogenase (LDH) foram avaliadas. O efeito do tratamento agudo com EEOA
sobre a memdria aversiva de curta duragédo e parametros bioquimicos em hipocampo
de ratos jovens também foi estudado. Além disso, o efeito da suplementacéo cronica
com EEOA em varios parametros bioquimicos em hipocampo de ratos jovens e
envelhecidos foi avaliado. O H,0, reduziu significativamente a atividade
mitocondrial em fatias hipocampais de ratos jovens e envelhecidos, e 0 EEOA
reverteu esta reducdo em fatias hipocampais de ratos jovens. Além disso, o H,0;
aumentou a liberacdo de LDH por fatias hipocampais de ratos jovens, porém o
EEOA reduziu a liberacdo de LDH em fatias hipocampais de ambas as idades. O
tratamento agudo com EEOA né&o alterou a memoria aversiva de curta duracdo, bem
como o conteudo de radicais livres no hipocampo. A administracdo de dimetil
sulfoxido (DMSO) aumentou a lipoperoxidacdo (LPO), enquanto que a
administracdo aguda do EEOA (gavagem) reverteu o efeito do DMSO. Observou-se
um aumento no conteddo de radicais livres, mas ndo houve alteracbes na LPO no
hipocampo de ratos envelhecidos. No entanto, a suplementacdo cronica com o
EEOA diminuiu os niveis de radicais livres e a LPO em ratos envelhecidos. Alem
disso, a suplementacdo crénica com o EEOA reduziu o conteudo de TNF-a no
hipocampo de ratos jovens e envelhecidos e diminuiu os niveis de IL-1B em ratos
jovens. O tratamento agudo com o EEOA e a suplementacgdo crénica ndo alteraram a
atividade da AChE no hipocampo. Nossos resultados sugerem que o EEOA contém
compostos neuroprotetores. Podemos propor que as propriedades antioxidantes, bem
como a modulacdo do processo de neuroinflamacdo, podem estar relacionadas com
o efeito neuroprotetor.

Xi



ABSTRACT

Several culinary herbs and spices have been reported as source of innovative
neuroprotective agents based on acetylcholinesterase (AChE) inhibition, antioxidant and
anti-inflammatory activities. In this context, recent studies have shown the
neuroprotective properties of species of the Lamiaceae family. The aim of this study
was to evaluate the antioxidant and neuroprotective action of Ocimum americanum
Linn. (Lamiaceae, “alfavaca”, “manjericao”), a basil species which is commonly used
for seasoning. Hippocampal slices from young and aged rats were incubated with
different concentrations of ethanol extract of Ocimum americanum (EEOA) and
submitted to H,O,-induced injury; mitochondrial activity and lactate dehydrogenase
(LDH) release were evaluated. The effect of acute treatment with EEOA on short-term
aversive memory and biochemical parameters in hippocampus from young rats was also
studied. In addition, the effect of chronic supplementation of EEOA on several
biochemical parameters in hippocampus from young and aged rats was evaluated. The
H,0O, significantly impaired mitochondrial activity in hippocampal slices from young
and aged rats, and EEOA reversed this impaired in young rats. Besides, H,O, enhanced
LDH released by hippocampal slices in young rats; however the EEOA reduced the
LDH released in both ages. The acute treatment with EEOA did not alter short-term
aversive memory, as well as the content of free radicals in the hippocampus. The
administration of the dimethyl sulfoxide (DMSQ) increased the lipid peroxidation
(LPO) whereas the acute administration of EEOA (gavage) reversed the DMSO effect.
We observed an increased in free radicals content while there was no changes on LPO
in hippocampus from aged rats. However, the chronic supplementation with EEOA
decreased the free radical levels and LPO in aged rats. Moreover, EEOA chronic
supplementation reduced TNF-a content in the hippocampus from young and aged rats
and decreased IL-1P levels in young rats. The acute treatment with EEOA and the
chronic supplementation did not alter AChE activity in hippocampus. Our findings
suggest that the EEOA contains neuroprotective compounds. We can propose that the
antioxidant properties, as well as the modulation on neuroinflammation process, can be
related to neuroprotective effect.
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PARTE I - INTRODUCAO




1. ENVELHECIMENTO

O envelhecimento € um processo complexo, caracterizado pelo declinio das
funcdes fisiologicas e bioquimicas da maioria dos 6rgéos, levando a um aumento na
susceptibilidade a varias doencas associadas a idade (Paradies et al., 2011). No Brasil,
estima-se que em 50 anos aproximadamente 30% da populacdo estard na faixa etaria
acima dos 65 anos (IBGE, 2008). Estes dados séo relevantes uma vez que demonstram a
importancia da pesquisa sobre o envelhecimento normal, podendo assim contribuir para
uma melhor qualidade de vida na terceira idade.

Entre as teorias para explicar o processo de envelhecimento, a teoria dos radicais
livres e do dano oxidativo (Harman, 1956) tem se tornado especialmente consistente.
Vérias linhas de evidéncias apdiam a hipotese de que os radicais livres e o estresse
oxidativo estdo envolvidos no processo de envelhecimento (Sohal, 2002). Neste
contexto, alguns estudos tém demonstrado que durante o envelhecimento ha um
aumento significativo na producdo de espécies reativas de oxigénio (EROS) como o
radical anion superdxido (O;"), o radical hidroxil (OH) e o peréxido de hidrogénio
(H202) em mitocondrias (Sohal e Weindruch, 1996; Beckman e Ames, 1998). Além
disso, ha também uma reducéo nas defesas antioxidantes (Sanz et al., 1997).

O cérebro é particularmente susceptivel aos efeitos prejudiciais das EROS,
devido a sua alta taxa metabdlica e sua capacidade de regeneracdo celular diminuida em
relacdo a outros oOrgdos. Isto, somado com a reducdo das defesas antioxidantes e dos
mecanismos de reparo durante o envelhecimento, resulta no acumulo de dano oxidativo,
0 que pode levar a doencas neurodegenerativas. Além disso, existem interacdes entre o

estresse  oxidativo e outros mecanismos moleculares que podem causar



neurodegeneracdo, como a ativacdo de células gliais, disfuncdo mitocondrial e morte
celular programada (Andersen, 2004).

Por outro lado, as EROS também s&o reconhecidas como importantes moléculas
sinalizadoras intracelulares e estdo envolvidas na regulacéo redox no interior das células
do sistema imune. Sabe-se que células fagocitarias, como as microglias no sistema
nervoso central, sdo ativadas sob condigdes oxidativas (Figura 1) (Halliwell, 2007).
Essa ativacdo pode ser mediada pelo sistema da NADPH oxidase e resulta num marcado
incremento no consumo de oxigénio e conseqliente producdo do O,". Este radical pode
reagir com oOxido nitrico formando o peroxinitrito (ONOQO’), uma espécie reativa de
nitrogénio, que pode depletar os grupamentos tiois e com isso alterar o balango redox da
glutationa. Este desequilibrio no estado redox induz o inibidor kappa cinase (IKK) a
fosforilar o inibidor kappa-B (IkB), que promove a ativacdo do fator de transcrigdo
nuclear kappa-B (NFkB) através da sua translocacdo para dentro do nucleo. A ativagéo
do NFkB leva a transcricdo de diversos mediadores inflamatorios, como o fator de
necrose tumoral alfa (TNF-a), a interleucina-1p (IL-1pB), ciclooxigenase-2 (COX-2),

entre outros (Oktyabrsky e Smirnova, 2007).
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Figura 1 — Desenho esquematico demonstrando a ativacdo do fator de transcri¢éo
nuclear kappa-B (NFkB) por alteragdes no estado redox celular. O NFkB é um dimero
que consiste nas proteinas p50 e p65, que estdo presentes no citosol ligadas a uma
proteina inibidora, o IkB. A fosforilagdo desta proteina inibidora promove a
translocagdo do NFkB para o nucleo e consequentemente a sua ativagdo, o que resulta
na transcricdo de varios mediadores pro-inflamatérios (adaptado de Filippin et al.,
2008).

Evidéncias recentes sugerem que 0 microambiente cerebral durante o
envelhecimento normal é caracterizado pelo aumento da reatividade da microglia e por
inflamacéo cronica (Figura 2). A microglia com um fendtipo reativo € normalmente
referida como “sensibilizada” devido a altera¢des na sua morfologia (desramificagdo e
aumento do citoplasma) e a uma maior liberacdo de citocinas quando comparada com a
microglia ndo reativa. Embora a microglia “sensibilizada” tenha sido descrita pela
primeira vez em associacdo com doencas cronico-degenerativas, evidéncias crescentes
sugerem que este fendtipo também esta presente no cérebro durante o envelhecimento
normal (Bilbo, 2010). A alteracdo da reatividade microglial pelo envelhecimento pode
contribuir para o dano neuronal bem como para a perda de mecanismos neuroprotetores

e neuroregulatarios; assim, 0s neurdnios ndo conseguem fazer o controle adequado da



reatividade glial, o que pode levar a um ciclo vicioso. Como resultado da ativagéo
microglial persistente e da perda da integridade neuronal pode haver prejuizos
neurocomportamentais prolongados e neuroinflamagéo cronica (Jurgens e Johnson,

2012).
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Figura 2 - Desenho esquematico para explicar a influéncia do processo de
envelhecimento no fenotipo da microglia: (A) microglia ndo reativa, com morfologia
ramificada; (B) microglia “sensibilizada”, com reatividade e morfologia alteradas pelo
envelhecimento. A ativacdo microglial promove a liberagdo de mediadores pro-
inflamatérios (TNF-a, IL-1B, IL-6) (C) que podem causar dano aos neurdnios. Assim,
0s neurdnios perdem os mecanismos neuroprotetores e neuroregulatérios (BDNF, NGF)
que sdo importantes para manter a microglia em seu estado ndo reativo (adaptado de
Jurgens e Johnson, 2012).

Neste contexto, Wu e colaboradores (2008) demonstraram que dependendo da
idade as céulas da glia podem liberar diferentes tipos de citocinas em resposta a um
mesmo estimulo (Figura 3). Astrocitos e microglias produzem citocinas anti-

inflamatorias, incluindo IL-10 e o fator de crescimento transformador beta 1 (TGF-p1)



em ratos jovens em resposta a inflamagdo (Wu et al., 2005). Contudo, estas mesmas
células em ratos de meia-idade produzem mais citocinas pro-inflamatorias, como IL-18,
IL-6 e TNF-a, do que citocinas anti-inflamatdrias. Estas observacdes sugerem que, 0
processo inflamatério ativa as células da glia, as quais podem se transformar em células
fenotipicamente diferenciadas: células anti-inflamatdrias em ratos jovens e células pro-

inflamatdrias em ratos de meia-idade.
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Figura 3 - Desenho esquematico simplificado da comunicacdo diferencial entre as
células leptomeningeais, microglias, astrocitos e neurdnios corticais em ratos jovens e
de meia-idade durante a inflamacdo. As células inflamatérias do sangue, como 0s
macrofagos, ativam as células leptomeningeais que liberam mediadores pro- e anti-
inflamatdrios. Em ratos jovens, fatores liberados pelas células leptomeningeais ativam
microglias e astrocitos que liberam IL-10 e TGF-B1 (citocinas anti-inflamatorias), que
podem ter influéncia protetora sobre os neurénios corticais. Em contraste, em ratos de
meia-idade, fatores liberados pelas células leptomeningeais ativam as microglias e 0s
astrocitos que liberam principalmente IL-1B (uma citocina pro-inflamatoria) que pode
ter influéncia prejudicial sobre os neurénios corticais (adaptado de Nakanishi e Wu,
2009).



Assim, a producdo excessiva de citocinas pro-inflamatorias no cerebro pode
levar a alteragcBes comportamentais e ao prejuizo cognitivo (Figura 4). Estas citocinas
podem atuar diretamente sobre os neurdnios do hipocampo reduzindo a plasticidade
sinaptica. Além disso, o hipocampo € a estrutura que apresenta a maior densidade de
receptores de citocinas pré-inflamatdrias e parece ser particularmente vulneravel ao

envelhecimento e a inflamagdo (Mattson e Magnus, 2006; Wilson et al., 2002).
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Figura 4 — Esquema simplificado para explicar como o aumento das espécies reativas
de oxigénio (EROS) durante o envelhecimento pode levar a inflamacao e aos déficits de
aprendizado e memoria dependentes da idade (adaptado de Nakanishi e Wu, 2009).

2. DOENCAS NEURODEGENERATIVAS

Com o aumento da expectativa de vida, estima-se que ocorra um aumento na
incidéncia de doencas neurodegenerativas relacionadas ao envelhecimento, como as
Doencas de Alzheimer (DA) e de Parkinson.

Dessa forma, a pesquisa sobre o envelhecimento normal pode contribuir para

uma melhor qualidade de vida na terceira idade, sendo ainda essencial para o



desenvolvimento de novas abordagens, tanto para modular as disfungfes ligadas ao
envelhecimento normal, quanto para a prevencdo e tratamento de doencas
neurodegenerativas, ja que as disponiveis tém eficacia limitada.

Dentre as doencas neurodegenerativas, destaca-se a DA, uma desordem
neurodegenerativa que é responsavel por 50-60% do nimero total de casos de deméncia
entre pessoas acima dos 65 anos (Viegas et al., 2004). No que diz respeito ao tratamento
farmacoldgico, inimeras substancias tém sido propostas para preservar ou restabelecer a
cognicdo, o comportamento e as habilidades funcionais do paciente com deméncia.
Contudo, os efeitos dos farmacos hoje aprovados para o tratamento da DA limitam-se
por promover melhora dos sintomas e com isso da qualidade de vida, ndo alterando a
progressdao da doenca (Forlenza, 2005). Assim, estudos voltados para a busca de
substancias ativas com mecanismos de acdo multiplos podem ser interessantes no

manejo de doencas neurodegenerativas, em especial, da DA.

3. PLANTAS MEDICINAIS COMO ESTRATEGIAS DE NEUROPROTEGAO

As evidéncias para o envolvimento do dano oxidativo no processo de
envelhecimento sugerem que um aumento da ingestdo de antioxidantes pode ser
benéfico para preservar a funcéo cerebral. Além disso, estudos tem demonstrado que a
suplementacdo de longo prazo com extratos de plantas com propriedades antioxidantes
retarda os déficits neuronais relacionados a idade em roedores (Villeponteau et al.,
2000; Bickford et al., 2000). Neste contexto, diversas ervas aromaticas e especiarias tém
sido avaliadas no que diz respeito as suas acGes biologicas no tratamento de doencas
crénicas (Loizzo et al, 2009; Menichini et al, 2009) e seus papéis funcionais tem sido
um tdépico importante na pesquisa com plantas relacionadas a alimentacéo (Loizzo et al.,

2010).



Varias plantas arométicas, aléem do uso como condimento, sdo usadas no
tratamento de diversos sintomas e doengas, muitas destas espécies vegetais pertencem a
familia Lamiaceae (Labiatae). Rosmarinus officinalis L. (Lamiaceae), conhecida
popularmente como alecrim e alecrim-de-jardim, é originaria do Mediterréneo, e suas
folhas e inflorescéncias sdo usadas popularmente como tonica, estimulante, antifebril,
no alivio da dor de cabeca e da tensdo nervosa; esta espécie contém no 6leo essencial,
compostos terpénicos e um alto teor de flavondides, algumas das substancias séo o
carnosol, &cido carndsico, rosmanol, epirosmanol, isorosmanol, acido rosminico,
rosmaridifenol e rosmariquinona, luteolina e a hesperidina (Okamura et al., 1994).
Alguns trabalhos demonstram uma acentuada atividade antioxidante de extratos e
compostos obtidos desta espécie (Okamura et al., 1994) e varios trabalhos sugerem-na
como aditivo alimentar, como alternativa aos antioxidantes sintéticos, a fim de
estabilizar quimicamente os alimentos gordurosos evitando assim a rancificacdo
(Madsen et al., 1998; Aruoma et al., 1996). Véarios compostos foram isolados de Salvia
officinalis L. (sélvia, Lamiaceae), como: salvigenina, lupeol, beta-sitosterol,
estigmasterol, fisciona, carnosol, rosmadiol, rosmanol, epirosmanol, isorosmanol,
columbaridiona, atuntzensina A, miltirona, carnosol e acido carndsico (Miura et al.,
2001). Assim como em Rosmarinus officinalis, sugere-se que rosmanol, carnosol e
acido carsbnico contribuem fortemente para a atividade antioxidante de Salvia
officinalis (Santos-Gomes et al., 2002), contudo outros compostos também apresentam
estas propriedades (Madsen et al., 1998; Miura et al., 2002).

Estudos clinicos e experimentais tém demonstrado que diferentes espécies da
familia Lamiaceae podem ter propriedades neuroprotetoras interessantes na prevencao
e/ou tratamento da DA. Foi observada uma melhora cognitiva em pacientes, além de

atividades importantes na modulagdo da patologia, como a inibicdo da enzima



acetilcolinesterase (AChE) e atividade antioxidante (Eidi et al., 2006; Tildesley et al.,
2003; Moss et al., 2003; Perry et al., 2000). A inibicdo da enzima AChE tem sido uma
das poucas estratégias farmacologicas utilizadas em clinica, este uso baseia-se no fato
de que uma notavel disfuncdo colinérgica é observada em vérias areas cerebrais dos
pacientes acometidos por DA.

Dados da literatura descrevem os efeitos antioxidantes e neuroprotetores dos
membros do género Ocimum. Recentemente foi demonstrado que Ocimum basilicum
Linn. apresenta propriedades antioxidantes em vérios sistemas in vitro, as quais tém
sido relacionadas ao alto conteudo de compostos fendlicos e de flavonoides (Jayasinghe
et al., 2003; Kaurinovic et al.,, 2011). Além disso, Bora, Arora e Shri (2011a)
demonstraram que o pré-tratamento com o extrato padronizado de Ocimum basilicum
reduz o tamanho do infarto cerebral e a lipoperoxidacdo, restaura o conteldo de
glutationa e atenua os deéficits na memoria de curta duracdo e na coordenagdo motora
em camundongos. Ainda, estudos demonstraram que Ocimum sanctum Linn., outra
espécie do género, previne o estresse oxidativo durante a reperfusdo e é eficaz em
atenuar o declinio no aprendizado e na memoria espacial induzido por hipoperfusdo em

ratos (Yanpallewar et al., 2004).
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3.1. Ocimum americanum

Ocimum americanum Linn., conhecido popularmente como alfavaca e

manjericdo (Figura 5), ¢ uma espécie nativa da Asia e da Africa (Paton et al., 1999).

Figura 5 — Foto ilustrativa de Ocimum americanum (Lamiaceae).

Alguns estudos voltados a caracterizacdo fitoquimica de Ocimum americanum
verificaram que esta espécie apresenta niveis elevados de flavonoides, especialmente
nevadensina, que tem atividade antioxidante (Vieira et al., 2003).

Estudos obtidos no nosso laboratdrio demonstraram uma potente atividade
antioxidante in vitro do extrato etan6lico de Ocimum americanum, evidenciada pela
inibicdo da enzima xantina oxidase, pela reducdo na concentracdo de Oxido nitrico e
pelos altos valores de TRAP (total reactive antioxidant potential) e de TAR (total
antioxidant reactivity), indicando assim, uma alta concentracdo de compostos
antioxidantes e a presenca de compostos altamente reativos (Vanzella et al., 2003). E
importante ressaltar que o extrato etandlico de Ocimum americanum apresentou uma
significante atividade antioxidante in vivo. A administracdo aguda por gavagem deste
extrato em camundongos machos adultos aumentou a capacidade antioxidante total e

reduziu o conteddo de radicais livres e de substancias reativas ao acido tiobarbitdrico,

11



um indice de dano em lipideos, na estrutura cerebral hipocampo (Vanzella et al., 2004).
O extrato etandlico de Ocimum americanum inibiu significativamente a atividade in
vitro da AChE no cdrtex frontal e no hipocampo (Vanzella et al., 2006). Além de que, a
suplementacdo de camundongos machos adultos com o extrato etandlico de Ocimum
americanum durante 15 dias melhorou pardmetros de memoria avaliados através do T-
maze (Vanzella et al., 2007). As propriedades dessa espécie relacionadas a melhora da
memoria sdo consistentes com a atividade anticolinesterasica in vitro, previamente

descrita.
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4.OBJETIVOS

4.1. OBJETIVO GERAL

Avaliar o efeito neuroprotetor do extrato etandlico de Ocimum americanum.

4.2. OBJETIVOS ESPECIFICOS

I. Avaliar o efeito da administracdo aguda do extrato etandlico de Ocimum
americanum sobre a meméria aversiva de curta duragdo, o estado oxidativo celular e
atividade da enzima acetilcolinesterase em hipocampo de ratos Wistar machos de 3

meses de idade.

I1. Estudar o efeito in vitro do extrato etandlico de Ocimum americanum sobre a
susceptibilidade ao dano celular induzido por peroxido de hidrogénio em fatias

hipocampais de ratos Wistar machos de 3 e 16 meses de idade.

I11. Avaliar o efeito da suplementacéo durante 4 semanas com o extrato etanolico
de Ocimum americanum sobre o estado oxidativo celular, a atividade da enzima
acetilcolinesterase e modulacdo do processo neuroinflamatério em hipocampo de ratos

Wistar machos de 3 e 18 meses de idade.
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Abstract

Several culinary herbs have been suggested as sources of innovative neuroprotective agents. It has
been described that some Lamiaceae species have activities potentially relevant to brain function,
which include antioxidant, cholinesterase inhibition and anti-inflammatory properties. Our
hypothesis was that ethanol extract of Ocimum americanum (EEOA), known as sweet basil, may has
neuroprotective activity. Hippocampal slices from young and aged rats were incubated with different
concentrations of EEOA and submitted to H,O»-induced injury; mitochondrial activity and lactate
dehydrogenase (LDH) released were evaluated. In vitro incubation with EEOA reversed the H,0; -
induced decrease on mitochondrial activity in young rats. The EEOA reduced the LDH released by
hippocampus from both ages, demonstrating that this extract can protect neuron membrane against
oxidative damage. The effect of acute treatment with EEOA on short-term aversive memory and
biochemical parameters in hippocampus from young rats was studied. This treatment did not alter
short-term aversive memory and hippocampal free radicals content in young rats. In addition, the
effect of chronic supplementation of EEOA on several biochemical parameters in hippocampus from
young and aged rats was tested. The aging-induced increase of free radical levels, as well as lipid
peroxidation, was reduced by chronic supplementation with EEOA in hippocampus from aged rats.
Moreover, EEOA supplementation reduced the TNF-a content in the hippocampus from young and
aged rats, and IL-1p levels in young rats. This extract did not alter AChE activity. The EEOA
showed neuroprotective effect that can be attributed to its antioxidant and anti-neuroinflammatory

properties.

Key Words: Ocimum americanum; Rats; Hippocampus; Neuroprotection; Free radicals; Lipid

peroxidation
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1. Introduction

There are several studies about biological activities of culinary herbs, although investigations about
the effect of supplementation with herbs and spices as regards to the brain function are rare,
especially using anti-aging approaches. Natural products and their components have received
considerable attention as alternative candidates for therapeutic purposes. The long-term
supplementation with plant extracts with antioxidant properties slows age-related neuronal deficits in
rodents [1]. It has been postulated that multitarget drug strategy is an attractive approach to aging
management.

Experimental and clinical studies demonstrated memory improve effect of Lamiaceae species [2,3].
Perry and colleagues [4] suggested that Spanish sage (Salvia lavandulaefolia VVahl) may be relevant
in the treatment of Alzheimer Disease (AD). Many studies with different Salvia species have
revealed activities potentially relevant to brain function, which include antioxidant, cholinesterase
inhibition and anti-inflammatory properties [5,6].

A significant body of research has established that oxidative stress is linked to neuronal degeneration
associated with normal aging and chronic neurodegenerative diseases, such as brain ischemia,
reperfusion and AD [7,8]. The oxidative damage is mediated by reactive oxygen species (ROS) that
can attack proteins, lipid membranes and deoxynucleic acids, disrupting cellular function and
integrity [9,10]. The decline in antioxidant defenses and repair mechanisms during aging results in
accumulating of oxidative damage and seems to lead to neurodegenerative disorders [11]. Taken
together, it is possible to suggest that increases in diet intake of antioxidants might be beneficial to
preserve brain function during aging.

The antioxidant and neuroprotective effects of members of the genus Ocimum (family Lamiaceae)
have been widely described. Recently, it was demonstrated that Ocimum basilicum has antioxidant
properties in several in vitro systems, which have been associated with the high content of phenolic

compounds and flavonoids [12]. Besides, pre-treatment with Ocimum basilicum and Ocimum
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sanctum extracts protect against ischemia-reperfusion and hypoperfusion-induced cerebral damage
[13,14]. It has been postulated that nootropic effect of Lamiaceae species might be associated with
cholinergic properties [2-4]. Several studies have reported in vitro anticholinesterase activity of
several Salvia species, such as Salvia lavandulaefolia and Salvia leriifolia [15,16].

Recent studies have pointed out that normal aging process and neurodegenerative diseases are
associated with inflammatory processes. Indeed, AD involves a chronic neuroinflammatory
response, which is characterized by activated microglia, reactive astrocytes, and increased
inflammatory cytokine expression associated with amyloid B-peptide (AB) deposits [17]; in addition,
AP has been associated to oxidative stress [18,19]. The pro-inflammatory cytokines can act directly
on neurons in the hippocampus and impair synaptic plasticity, since the hippocampus has a high
density of pro-inflammatory cytokine receptors [20,21]. However, there are no published studies
investigating the modulation of Lamiaceae species on neuroinflammation parameters.

In the present work attention was focused particularly on Ocimum americanum (Lamiaceae,
“alfavaca”, “manjericao, “sweet basil”), a native species to Asia and Africa [22], which is commonly
used for seasoning [23], the hypothesis is that Ocimum americanum might have neuroprotective and
antioxidant activities.

The aim of this study was to investigate (1) the effect of acute treatment with ethanol extract of
Ocimum americanum (EEOA) on short-term memory for aversive training in young adult rats, in
addition to cellular oxidative state and AChE activity in hippocampus, (2) the in vitro protective
effect of the EEOA on H,0O,-induced cell damage in hippocampal slices from young adult and aged
rats and (3) the effect of chronic administration of EEOA on several biochemical parameters, cellular
oxidative state, AChE activity and neuroinflammatory parameters, of hippocampus from young adult

and aged rats.
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2. Materials and Methods

2.1. Plant Material and Preparation of the Ethanol Extract

Ocimum americanum (Lamiaceae) was collected in Rio Grande do Sul State (Brazil) and
authenticated by Mara Rejane Ritter (Departamento de Boténica, Instituto de Biociéncias, UFRGS,
RS, Brazil). Voucher specimens were deposited in the Herbario do Vale do Taquari (HVAT 1922)
Botany and Paleobotany Sector of UNIVATES Natural Science Museum (Lajeado, Rio Grande do
Sul State, Brazil). One hundred grams of fresh leaves of O. americanum was soaked in 1000 mL of
ethanol (90%) for 7 days in room temperature. The solvent was filtered and dried under vacuum,
resulting in the ethanol extract (EEOA). For the in vitro assays EEOA initially dissolved in 1%
dimethyl sulfoxide (DMSOQ) was further adjusted, so that a maximum final concentration of 0.001%

DMSO was present in EEOA-treated samples.

2.2. Animals

Male Wistar rats aged 3 and 16-18 months, maintained under standard conditions (12 h light/dark,
22+2 °C) with food and water ad libitum were used. The NIH “Guide for the Care and Use of
Laboratory Animals” (NIH publication No. 80-23, revised 1996) was followed in all experiments.
The Local Ethics Committee approved all handling and experimental conditions (document number

GPPG-HCPA 09-638).

2.3. Effect of acute treatment with EEOA

2.3.1. Animals and Treatment

Male Wistar rats of 3 months of age were treated with saline, solvent (DMSO 20%) or EEOA (100
and 300 mg/kg) by gavage. Animals received treatment immediately after single training on
inhibitory avoidance and were tested for short-term memory 90 minutes after training. Behavioral

observations were performed in soundproof rooms during the same period of the day.
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2.3.2. Inhibitory avoidance task

The single-trial step-down inhibitory avoidance (IA) conditioning as an established model of fear-
motivated memory was employed [24]. The IA behavioral training and retention test procedures
were described in previous reports [25]. The 1A apparatus was a 50 cmx25 cmx25 cm acrylic box
(Albarsch, Porto Alegre) whose floor consisted of parallel caliber stainless steel bars (1 mm
diameter) spaced 1 cm apart. A 7 cm wide, 2.5 cm high platform was placed on the floor of the box
against the left wall. On the training trial, rats were placed on the platform and their latency to step
down on the grid with all four paws was measured with an automatic device. Immediately after
stepping down on the grid, rats received a 0.5 mA, 2.0 s foot shock and were removed from the
apparatus. The test trials were procedurally identical to training, except that no foot shock was
presented. Step-down latencies on the test trial (maximum 180 s) were used as a measure of 1A

retention.

2.3.3. Tissue preparation

Rats were decapitated 30 minutes after the test on inhibitory avoidance; hippocampi were quickly
dissected out and instantaneously placed in liquid nitrogen and stored at -70°C until biochemical
assays. For assays of cellular oxidative state, the hippocampi were homogenized in 10 volumes of
ice-cold phosphate buffer (0.1 M, pH 7.4) containing ethylenediamine tetraacetic acid (EDTA, 2mM)
and phenylmethylsulfonyl fluoride (PMSF, 1mM) in a Teflon-glass homogenizer. The homogenate
was centrifuged at 960 x g for 10 min and the supernatant was used for the assays. To evaluate the
acetylcholinesterase activity, the hippocampi were homogenized in 10 volumes of ice-cold phosphate
buffer (0.5 M, pH 7.5) and centrifuged at 900 x g for 10 min. The resulting supernatants were used as

the enzyme source.
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2.3.4. Free radical levels

To assess the free radicals content it was used 2’-7’-dichlorofluorescein diacetate (DCFH-DA) as a
probe [26]. An aliquot of the sample was incubated with DCFH-DA (100 uM) at 37°C for 30 min.
The formation of the oxidized fluorescent derivative (DCF) was monitored at excitation and
emission wavelengths of 488 nm 525 nm, respectively. All procedures were performed in the dark
and blanks containing DCFH-DA (no supernatant) were processed for measurement of

autofluorescence [27].

2.3.5. Thiobarbituric acid reactive substances (TBARS)

Lipid peroxidation (LPO) was evaluated by thiobarbituric acid reactive substances (TBARS) test
[28]. Aliquots of samples were incubated with 10% trichloroacetic acid and 0.67% thiobarbituric
acid. The mixture was heated (30 min) on a boiling water bath. Afterwards, n-butanol was added and
the mixture was centrifuged. The organic phase was collected to measure fluorescence at excitation
and emission wavelengths of 515 and 553 nm, respectively. 1,1,3,3-tetramethoxypropane, which is

converted to malondialdehyde (MDA), was used as standard.

2.3.6. Acetylcholinesterase activity

Acetylcholinesterase (AChE) activity was determined by slight modifications of the colorimetric
method described by Ellman et al. [29], using acetylthiocholine iodide (ASCh) as a substrate. The
total volume of reaction mixtures was 300 pL (10 pL of supernatant, 30 puL of Ellman’s reagent
[0.01 M 5-5’-dithio-bis(2-nitrobenzoic acid)], 30 pL of substrate (ASCh), 230 uL of buffer), and
each sample of the enzyme source material was analyzed in triplicate. The blank reading was
obtained for each reaction mixture after 10 min of incubation, before the addition of ASCh (75 mM).

Thereafter, absorbance (412 nm) readings were taken for 4 min at 30-s intervals.
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2.3.7. Protein determination

Protein was measured by the Coomassie blue method using bovine serum albumin as standard [30].

2.4. In vitro neuroprotective effect of EEOA

2.4.1. Animals, preparation and incubation of hippocampal slices

Male Wistar rats aged 3 and 16 months were sacrificed by decapitation and the hippocampi were
quickly dissected out and transverse sections (400 pm) were prepared using a Mcllwain Tissue
Chopper. Slices were then transferred immediately into 24-well plates, each well containing 0.3 mL
of HEPES-saline buffer (containing in mM): 120 NaCl; 25 HEPES; 10 glucose; 2 KCI; 1 CaCly; 1
MgSOQ,; 1 KH,PQOy,; adjusted to pH 7.4. The medium was changed after 30 min by fresh buffer and
the slices were incubated with different concentrations of the EEOA (0, 0.1, and 1 pg/mL) for 60 min
at 35°C. The medium was then changed for fresh buffer in the absence or presence of H,O, (2mM)
for 60 mim at 35°C [31]. After incubation with H,O,, cellular viability (mitochondrial activity) and

cell damage (membrane lyses) assays were performed.

2.4.3. Cellular viability

Mitochondrial activity was evaluated by the colorimetric 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) method. Hippocampal slices were incubated for 30 min at 35°C in the
presence of MTT (5 mg/mL). Active mitochondrial dehydrogenases of living cells cause cleavage
and reduction of the soluble yellow MTT dye to the insoluble purple formazan, which was extracted

in DMSO; the optical density was measured at 560/630 nm [32].

2.4.2. Cellular damage
Cell damage was quantified by measuring lactate dehydrogenase (LDH) released into the medium

[33]. After 60 min of incubation with H,O,, LDH activity was determined using a commercial kit

25



246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

(Doles Reagents, Goiénia, Brazil). Each experiment was normalized by subtracting the background
levels of LDH produced from the control wells. Samples were quantified using a standard curve; the

optical density was measured at 490 nm.

2.5. Effect of chronic administration of EEOA

2.5.1. Animals and EEOA supplementation

Male Wistar rats aged 3 and 18 months were randomly divided into six groups and fed diet with or
without EEOA supplementation during 4 weeks (Table 1). The animals received ad libitum the
experimental diets, 0% (control diet), 0.01% (diet supplemented with EEOA at a final concentration
of 0.1 g/kg) and 0.2% (diet supplemented with EEOA at a final concentration of 2 g/kg) [34,35]. The
animals were observed daily for clinical signs of toxicity and mortality to clarify the toxicity profile

of EEOA.

2.5.2. Tissue preparation

After 4 weeks of supplementation, rats were decapitated and the hippocampi were quickly dissected
out and instantaneously placed in liquid nitrogen and stored at -70°C until biochemical assays. For
measurement of TNF-a and IL-1 content, hippocampus was homogenized in phosphate buffer
saline (PBS, pH 7.4), containing 1 mM ethylene glycol tetraacetic acid (EGTA) and 1 mM PMSF.
The homogenate was centrifuged at 1000 X g for 5 min at 4°C and the supernatant was used. To
evaluate the cellular oxidative state and acetylcholinesterase activity, the hippocampus was

homogenized and procedures experimental was conducted as describe above.
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2.5.3. Measurement of TNF-a and IL-1p content
The levels of TNF-a and IL-1f in the hippocampus were determined using Ready-To-Go Cytokine
Elisa Kit (eBioscience, catalog number 88-7346 and 88-6010, respectively) according to

manufacturer protocol. Protein content was measured by Lowry method [36].

2.6. Statistical Analysis

Results are expressed as percentage of control and are displayed as median (25th/75th percentiles) or
mean (£xSEM). The pattern of distribution was assessed before statistical testing. The inhibitory
avoidance task and the acetylcholinesterase activity did not exhibit homogeneity of variance and we
employed the Kruskal-Wallis non-parametric test followed by Dunn’s test. The effect of acute
treatment was assessed by One-way ANOVA and post hoc Tukey test. The in vitro neuroprotective
and chronic supplementation effects were evaluated by Two-way ANOVA followed by the Tukey
test. The in vitro neuroprotective results considered H,O, and treatment as factors. The chronic
supplementation results considered age and supplementation as factors. Significance was assumed as

p<0.05.

3. Results

3.1. Effect of acute treatment with EEOA in young adult rats

Latencies to step down from the platform during training did not differ among groups (data not
shown). The immediately post-training acute treatment with EEOA did not alter the short-term
aversive memory evaluated in the inhibitory avoidance task. The acute treatment with EEOA did not
modify the content of free radicals in hippocampus, evaluated by formation of the DCF (data not
shown). The administration (v.0.) of DMSO significantly increased the LPO levels when compared

to saline group, and the 300 mg/kg EEOA was able to reduce the LPO to control levels (Fig. 1,
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F(,200=17.78; p<0.0001). In addition, the acute administration of EEOA did not alter the AChE

activity in hippocampus from young adult rats (data not shown).

3.2. In vitro neuroprotective effect of EEOA in young adult and aged rats

The H,0; significantly impaired mitochondrial activity in hippocampal slices from young and aged
rats (Fig. 2A, Fq,36=22.164, p<0.0001; Fig. 2B, F(1,42=93.416, p<0.0001; respectively). The in vitro
incubation with 1 pg/mL EEOA reversed the H,O; -induced decrease on mitochondrial activity in
hippocampal slices from young rats (p=0.05), but not from aged rats. Besides, there was a significant
interaction between two factors, H,O, and EEOA (F(2,36=5.530, p=0.042).

The H,0; enhanced the LDH released into the incubation medium by hippocampal slices from young
rats (Fig. 3A, Fq33=14.532, p=0.001), but not from aged rats (Fig. 3B). Interestingly, the in vitro
incubation with 1 pg/mL EEOA reversed the H,O; -induced increase in LDH released by slices from
young rats (F,33=4.956, p=0.014), in addition it was able to reduce the LDH released from aged
ones (F,41)=5.315, p=0.009). Two-way ANOVA showed interaction between two factors, H,0, and

EEOA (F(241)=3.591, p=0.038).

3.3. Effect of EEOA supplementation in young adult and aged rats

An age-dependent effect on free radical level was found (Fig. 4A, F(1,39=4.311, p=0.046) with a
significant increase in hippocampus from aged control rats. The supplementation with EEOA (0.01
and 0.2%) during 4 weeks decreased the content of free radicals in hippocampus from aged rats
comparing to those obtained from aged control group (Fig. 4A, p<0.0001). Interestingly, the EEOA
did not modify the content of free radicals in hippocampus from young rats. Besides, there was
significant interaction between two factors, age and EEOA supplementation (F39)=18.669,
p<0.0001). We did not observe an increase in the TBARS levels, an index of damage to

macromolecules, in aged control rats. However, the supplementation with 0.01% EEOA reduced the
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TBARS levels in aged rats (Fig 4B, p=0.032), but not in young rats. Furthermore, two-way ANOVA
showed the effect of EEOA supplementation (F,31)=3.354, p=0.051). The chronic supplementation
with EEOA at tested doses did not modify the AChE activity in both ages (data not shown).

The modulation of EEOA supplementation on neuroinflammatory process in the hippocampus from
young and aged rats was evaluated. The EEOA reduced the content of TNF-a in the hippocampus
from young and aged rats (Fig. 5A, p=0.005). Moreover, two-way ANOV A showed the effect of
EEOA supplementation (F(,27=8.421, p=0.002) and an interaction between age and EEOA
supplementation (F(,27=4.161, p=0.029). The EEOA (0.01% and 0.2%) decreased the content of IL-
1B in the hippocampus from young rats (Fig. 5B, p<0.0001), while, there was a trend from aged ones
(p=0.087). Two-way ANOVA revealed the effect of age and EEOA supplementation (F1,31=15.049,
p=0.001; F2,31)=16.848, p<0.0001; respectively) . Besides, there was interaction between two factors,

age and EEOA supplementation (F31)=5.296, p=0.012).

4. Discussion

The results clearly demonstrated that the extract of O. americanum protected hippocampal slices
against H,O,. Mechanistically, O. americanum-mediated neuroprotection can be attributed to its
antioxidant and anti-neuroinflammatory properties. To our knowledge, this is the first work
investigating the O. americanum effects in both young adult and aged ages.

The incubation of hippocampal slices from both 3- and 16-months-old rats with H,O, resulted in
marked changes in cellular viability (MTT assay). The H,0, is widely used as an oxidative injury
model in rat hippocampal slices [31]. It is important to note that the oxidative damage by ROS may
lead to several alterations in membranes, including its molecular structure, producing significant
changes in the biophysical properties [37]. Unexpected, the incubation with H,O, enhanced LDH
released to the incubation medium by hippocampal slices from 3-months-old rats but not from 16-

months-old rats. Our results indicate that hippocampal slices from aged rats may respond to H,0,
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brain injury differently than those from young rats. We cannot explain this difference, although it is
possible to suggest that the hippocampal cell membranes could adapt to higher free radical levels,
since basal free radical content in old hippocampus homogenates rats was higher than young ones
[38]. Although it was previously described that aged hippocampal cell membranes are particularly
susceptible to in vitro ischemic damage [11].

Several studies have shown the neuroprotective action of species of the Lamiaceae family against the
oxidative damage induced by H,O; in different cell types. Asadi and colleagues [39] demonstrated
that the pre-treatment with Salvia species from Iran significantly protected neuron-like PC12 cells
against H,O-induced toxicity. Rosmarinus officinalis was effective in attenuating the disruption of
mitochondrial membrane and cell death induced by H,O, in SH-SY5Y cells [40].

Bora and colleagues [13] demonstrated that pre-treatment with the extract of Ocimum basilicum
reduces cerebral infarct size and LPO, restores glutathione content and attenuates impairment in
short-term memory and motor coordination induced by global ischemia. Ocimum sanctum prevents
oxidative stress during reperfusion and attenuates deficits on spatial learning and memory induced by
hypoperfusion [14].

In the current report O. americanum extract demonstrated in vitro neuroprotective activity; the H,O,
-induced decrease in mitochondrial activity that was totally reversed by the Ocimum extract in
hippocampal slices from young rats but not from aged ones. It is important to note that deficiencies
in the respiratory complex have been considered central to the underlying pathology of
neurodegenerative conditions including stroke, Alzheimer’s and Parkinson’s diseases. Interestingly,
the O. americanum extract was able to reduce the LDH released in hippocampal slices from young
and aged rats. This result may be related to others findings here described, since both acute and
chronic treatments reduced LPO (Fig. 1 and Fig. 4B). Acute administration of the DMSO
significantly increased the LPO when compared to saline control group and the EEOA reduced this

parameter to control levels. DMSO can exhibit a dual behavior, since it presents antioxidant and pro-
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oxidants properties, the latter related at least in part with the reactivity of DMSO in oxidize the
sulfhydryl group of some proteins [41]. Chronic administration of EEOA was able to decrease the
LPO in 18-months-old rats. These findings are in agreement with those that describe the effect of
Ocimum species preventing the LPO induced by ischemia/reperfusion and noise exposure [13,42].
In accordance with our previous results, free radical content was significantly increased in
hippocampus from 18-months-old rats [38], what seems to be critically involved in pathological
alterations related with aging [43]. This is relevant, since we previously observed that the free radical
levels and total antioxidant capacity were significantly altered in hippocampus from mature rats (6
months) [11]. Accordingly, a dietary intake of a variety of antioxidants, like herbs and spices, might
be beneficial for preserving brain function [34]. Chronic supplementation with EEOA for 4 weeks
was able to reduce age-induced increase of free radicals levels, in contrast with its acute
administration.

No changes were found on LPO in 18-months-old Wistar rat hippocampus. Accordingly, Kolosova
and collaborators [44] did not find changes on LPO products, specifically Schiff bases, in 18-
months-old Wistar rat hippocampus. These finding are in disagreement with our previous data [11],
although those data were obtained with 20-months-old Wistar rat hippocampus.

It has been suggested that approaches to reduce the neuroinflammation parameters in aging process
might be beneficial [45]. In this study, the chronic supplementation with EEOA modulated
neuroinflammatory parameters in hippocampus from 3- and 18-months-old rats. It is important to
note that 18-months-old rat hippocampus react to EEOA differently than those from 3-months-old
rats. Some studies have reported increases on inflammatory markers during normal aging in the
rodent hippocampus [46], although we did not find an increase in these markers in 18-months-old rat
hippocampus. However, a great body of evidence has demonstrated that there are differential
phenotypes of microglia in an age-dependent manner. When microglia in the young rat brain is

activated, for example by TNF-a, there are an increase on anti-inflammatory cytokines including IL-
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10 and transforming growth factor-beta 1 (TGF-B1), and this is considered a protective phenotype
[47,48]. An example of harmful phenotype occurs when microglia is activated in brain of middle-
aged rat, since these cells produce IL-1p, but less IL-10 and TGF-p1 [49]. EEOA was able to reduce
the TNF-a content in 3- and 18-months-old rats, and as well as the levels of IL-1p in hippocampus
from 3-months-old rats, but this result was modest in aged animals.

The memory enhancing effects of pre-treatment with different Ocimum species have been evaluated
in ischemia and reperfusion models [13,14]. However, the effects of these species in improve
memory performance in healthy animals with the perspective of prevention are still poorly studied.
The effect of acute treatment with EEOA on short-term memory was assessed in inhibitory
avoidance task. We used the single-trial step-down inhibitory avoidance conditioning as an
established model of aversive memory [24]. Nevertheless, EEOA, at tested doses, did not improve
short-term aversive memory in this task.

In accordance, the acute treatment with EEOA and the chronic supplementation did not alter AChE
activity in hippocampus. AChE inhibitors are used in symptomatic treatment of AD to ameliorate the
cognitive impairment [50]; however, these inhibitors have many cholinergic side effects. According
to our results, Sembulingam and colleagues [51] demonstrated that the administration of Ocimum
sanctum extract for 7 days did not modify the AChE activity in several brain structures.
Nevertheless, this treatment prevents changes in AChE activities induced by exposure to noise stress.
Taken together, we can suppose that these species has adaptogenic properties, normalizing the steady
state (homeostasis) against injury conditions. Considering that most of the works have reported in
vitro anticholinesterase activities of species of the Lamicaeae family [15,16], our results indicate the
need of studies investigating the effect of diet supplementation with herbs and spices.

At this point, neither the active compound(s) nor the exact mechanism(s) by which EEOA exerts its

antioxidant activities are completely known. Although, it is fair to assume that the activities here
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described for EEOA can be related at least in part to the presence of phenolic compounds such as
rosmarinic acid, a natural antioxidant widespread in Lamiaceae [52].

The ethanol extract of Ocimum americanum contains neuroprotective compounds. We can propose
that the antioxidant properties, preventing the lipoperoxidation, as well as anti-neuroinflammatory
effect, might be related to neuroprotective effect. Nevertheless, more studies are needed to

understanding the molecular mechanisms involved with its neuroprotective effect.
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Legends

Figure 1. Effect of acute treatment with EEOA on LPO levels in hippocampus from young adult rats
(3 months, n=5-7). Results are expressed as percentage of control (saline group) and analyzed by
One-way ANOVA followed by Tukey test. *= values significantly different from saline group; *=

values significantly different from DMSO group; **p<0.01; ***p<0.001.

Figure 2. Effect of incubation with EEOA (0.1 and 1 pg/mL) on cellular viability in hippocampal
slices submitted to H,O,, evaluated by MTT assay. (A) young rats (3 months, n=6-8); (B) aged rats
(16 months, n=6-8). Results were expressed as percentage of control group (0 pg/mL without H,05)
and analyzed by Two-way ANOVA followed by Tukey test. *= values significantly different from

control group; *= values significantly different from 0 pg/mL with H,0,; *p<0.05.

Figure 3. Effect of incubation with EEOA (0.1 and 1 pg/mL) on cellular damage in hippocampal
slices submitted to H,O,, evaluated by released of LDH (A) young rats (3 months, n=6-8); (B) aged
rats (16 months, n=6-8). Results are expressed as percentage of control group (0 pug/mL without
H,0,) and analyzed by Two-way ANOVA followed by Tukey test. *= values significantly different

from control group; *= values significantly different from 0 pg/mL with H,0,; *p<0.05.

Figure 4. Effect of EEOA supplementation on cellular oxidative state in the hippocampus from
young (3 months) and aged rats (18 months). (A) DCF levels (n=5-7); (B) LPO levels (n=5-7).
Results are expressed as percentage of control (young control group) and analyzed by Two-way

ANOVA followed by Tukey test; *p<0.05, **p<0.01.
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Figure 5. Effect of EEOA supplementation on neuroinflammatory parameters in the hippocampus
from young (3 months) and aged rats (18 months). (A) TNF-a content (n=4-6); (B) IL-1 content
(n=5-6). Results are expressed as percentage of control (young control group) and analyzed by Two-

way ANOVA followed by Tukey test; *p<0.05; **p<0.01; ***p<0.001.
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Figure 3A
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Figure 4A
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Figure 5A
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Table 1

Composition of experimental diets fed to rats (g/100g).

Composition 0% (Control) 0.01% 0.2%
Total fat 11 11 11
Protein 22 22 22
Fiber 3 3 3
Ash 6 6 6
Vitamin 2 2 2
Carbohydrates 56 56 56
EEOCA - 0.01 0.2

Commercial non-purified diet from Nuvilab-CR1 (Curitiba, Brazil; caloric density

4.16 cal/g) supplemented with EEOA (0.01 and 0.2%).
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PARTE I11 - DISCUSSAO
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Nossos dados demonstram que o extrato etandlico de Ocimum americanum tem
atividade antioxidante e modula alguns parametros neuroinflamatérios em cérebro de
ratos, o que pode contribuir para sua ac&o neuroprotetora. E importante ressaltar que, a
maioria dos estudos tem demonstrado as propriedades neuroprotetoras de espécies do
género Ocimum em modelos animais de isquemia e reperfusdo cerebral; contudo, nos
investigamos o0s efeitos de Ocimum americanum em animais adultos jovens e
envelhecidos, uma vez que as fatias hipocampais em diferentes idades podem responder
de maneiras diferentes quando expostas ao dano oxidativo (Siqueira et al., 2005).

A incubacéo das fatias hipocampais de ratos de 3 e 16 meses de idade com o H,0;
resultou em mudangas marcantes na viabilidade celular (MTT). O H,O, tem sido
largamente utilizado como um indutor de estresse oxidativo em modelos in vitro (Satoh
et al., 1996), especialmente em fatias hipocampais de roedores (Posser et al., 2008).
Esta EROS pode induzir a apoptose em diferentes tipos celulares (Whittemore et al,
1995; Deng et al, 1999), e este efeito pode ser bloqueado pela adi¢do de antioxidantes
(Behl, 2000). A incubacdo com o H,O, aumentou a liberacdo de LDH por fatias
hipocampais de ratos de 3 meses de idade, mas ndo de ratos de 16 meses. Portanto, 0s
resultados deste estudo indicam que as fatias hipocampais de ratos de envelhecidos
podem responder a lesdo induzida pelo H,O, de modo diferente que as de ratos jovens.
Vaérios estudos tém mostrado a acdo neuroprotetora de espécies da familia Lamiaceae
contra o dano oxidativo induzido por H,O, em diferentes tipos celulares. Asadi e
colaboradores (2011) demonstraram que o pré-tratamento com seis espécies de Salvia
do Ird protegeu significativamente as células com propriedades semelhantes aos
neurdnios (PC12) contra a toxicidade induzida por H,O,. Além disso, Rosmarinus
officinalis foi eficaz em atenuar a ruptura da membrana mitocondrial e a morte celular

induzida por H,O, em células SH-SY5Y (Park et al., 2010).
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Outros estudos demonstraram que o pré-tratamento com o extrato de Ocimum basilicum
reduziu o tamanho do infarto cerebral e a lipoperoxidacdo, restaurou o contetdo de
glutationa e atenuou o prejuizo na memdria de curta duracdo e na coordenacdo motora
em camundongos (Bora et al., 2011a). Adicionalmente, Ocimum sanctum preveniu o
estresse oxidativo durante a reperfusdo e foi eficaz em atenuar os déficits de
aprendizagem e memaria espacial induzidos por hipoperfusdo em ratos (Yanpallewar et
al., 2004).

No presente estudo, Ocimum americanum apresentou atividade neuroprotetora in vitro,
uma vez que houve uma reversao na reducdo da atividade mitocondrial induzida por
H,0, em fatias hipocampais de ratos de 3 meses de idade, mas ndo de ratos de 16
meses. E importante ressaltar que, as deficiéncias do complexo respiratorio tém sido
consideradas centrais para a patologia subjacente as condicGes neurodegenerativas,
incluindo acidente vascular cerebral e as Doencas de Alzheimer e de Parkinson. O
extrato de Ocimum americanum reverteu o dano na membrana plasmatica induzido por
H,0, em fatias hipocampais de ratos de 3 meses de idade e reduziu a liberacdo de LDH
nas fatias hipocampais de ratos de 16 meses. Este achado pode estar relacionado com
outros resultados aqui descritos, uma vez que os tratamentos agudo e cronico reduziram
a lipoperoxidacéo (Fig. 1 e Fig. 4B).

A administracdo aguda de dimetilsulféxido (DMSO) aumentou significativamente a
lipoperoxidacdo quando comparado com o grupo controle salina, e o extrato etandlico
de Ocimum americanum reverteu o efeito do DMSO. Alguns trabalhos tém
demonstrado que o DMSO pode exibir um comportamento dual, uma vez que apresenta
atividade antioxidante, mas também propriedades pro-oxidantes que parecem estar
relacionadas com a reatividade do DMSO em oxidar o grupo sulfidrila de algumas

proteinas (Sanmartin-Suérez et al., 2011). Observamos neste estudo que a administracédo
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cronica do extrato etandlico de Ocimum americanum diminuiu a lipoperoxidagdo em
ratos de 18 meses de idade. Neste contexto, tem sido demonstrado o efeito de espécies
de Ocimum em reduzir a lipoperoxidagdo induzida por isquemia/reperfusédo e pela
exposicao ao estresse por ruido (Bora et al., 2011a; Bora et al., 2011b).

De acordo com nossos resultados anteriores, o conteldo de radicais livres foi
significativamente maior no hipocampo de ratos de 18 meses de idade (Siqueira et al.,
2005), o que parece estar criticamente envolvido com as alteragdes patoldgicas
relacionadas com o envelhecimento (Fukui et al., 2002). Isso é relevante, uma vez que
observamos anteriormente que os niveis de radicais livres e a capacidade antioxidante
total foram alterados em hipocampo de ratos maduros (6 meses) (Siqueira et al., 2005).
Assim, pode-se sugerir que a ingestdo de uma variedade de antioxidantes, como
condimentos e especiarias, pode ser benéfica para preservar a funcdo cerebral (Kolosova
et al., 2006). Consistentemente, a suplementacdo cronica com o extrato etandlico de
Ocimum americanum reduziu o0 aumento dos niveis de radicais livres induzido pela
idade, em contraste com a sua administracao aguda.

N&o encontramos alteracGes na lipoperoxidacdo em hipocampo de ratos Wistar de 18
meses de idade. De acordo com nossos resultados, Kolosova e colaboradores (2003) nao
encontraram alteracdes nos produtos de lipoperoxidacéo, especificamente nas bases de
Schiff, em hipocampo de ratos Wistar de 18 meses de idade. Estes achados estdo em
desacordo com os nossos dados anteriores (Siqueira et al., 2005), contudo tais dados
foram obtidos com hipocampo de ratos Wistar de 20 meses de idade.

Vérios trabalhos tém reportado que abordagens que visem reduzir os parametros de
neuroinflamacdo no processo de envelhecimento podem ser benéficas (Rich et al.,

1995). Noés demonstramos que a suplementacdo cronica com extrato etandlico de
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Ocimum americanum modulou pardmetros neuroinflamatérios em hipocampo de ratos
de 3 e 18 meses de idade.

Alguns estudos tém mostrado o aumento em marcadores inflamatorios em hipocampo
de roedores durante o envelhecimento normal (Gavilan et al., 2007), contudo nédo
encontramos um aumento no contetdo das citocinas pro-inflamatorias TNF-a e IL-1
em hipocampo de ratos Wistar de 18 meses de idade. De acordo com nossos achados,
Chen e colaboradores (2008) ndo observaram diferenca significativa na expressdo de
TNF-0. em hipocampo de camundongos BALB/c jovens e envelhecidos. Além disso,
Barrientos e colaboradores (2009) ndo encontraram alteracGes nos niveis de IL-13 em
hipocampo de ratos envelhecidos quando comparado aos jovens. Varias evidéncias tém
demonstrado que existem fendtipos diferenciais de microglia de forma dependente da
idade. Quando a microglia no cerebro de ratos jovens é ativada, por exemplo pelo TNF-
o, hd& um aumento nas citocinas anti-inflamatérias incluindo IL-10 e o fator de
crescimento transformador beta-1 (TGF-B1), sendo este um fenotipo de protecdo (Wu et
al., 2005; Wu et al., 2007). Um exemplo de fendtipo prejudicial ocorre quando ha a
ativacdo da microglia em ratos de meia-idade, pois estas células produzem IL-1f, mas
menos IL-10 e TGF-B1 (Wu et al., 2008). Os nossos dados demonstraram que a
suplementacdo cronica com extrato etandlico de Ocimum americanum reduziu o
conteldo de TNF-o em hipocampo de ratos de 3 e 18 meses de idade. Além disso, esta
suplementacdo diminuiu os niveis de IL-1p em hipocampo de ratos de 3 meses de idade,
mas este resultado foi modesto em ratos de 18 meses.

Considerando que o pré-tratamento com diferentes espécies de Ocimum tem
demonstrado efeitos relevantes na melhora da memoria, o efeito do tratamento agudo
com o extrato etandlico de Ocimum americanum sobre a memoria aversiva de curta

duracdo foi avaliado na tarefa de esquiva inibitéria; no entanto, nossos dados revelaram
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que o extrato de Ocimum, nas doses testadas, ndo alterou a memaria de curta duragao
nesta tarefa. Em estudo prévio demonstramos que a suplementacdo de camundongos
machos adultos com o extrato etandlico de Ocimum americanum durante 15 dias
melhorou a memoria espacial avaliada através do T-maze (Vanzella et al., 2007). De
acordo com nosso estudo prévio, Yanpallewar e colaboradores (2004) reportaram que 0
pré-tratamento durante 7 dias com extrato padronizado de Ocimum sanctum reduziu 0s
déficits na meméria espacial induzidos por isquemia e hipoperfusdo cerebral em ratos.
Esses dados sdo relevantes pois demonstram que as espécies de Ocimum parecem ser
mais efetivas em melhorar a memdria espacial em roedores, e também reforcam a
importancia dessas espécies como condimento, uma vez que a suplementacdo durante
15 dias melhorou a memdria em camundongos em contraste com a sua administragdo
aguda.

Neste estudo, ndo encontramos diferencas na atividade da AChE entre ratos de 3 e 18
meses de idade. De acordo com nossos resultados, Das, Dikshit e Nath (2001)
demonstraram que a reducéo na atividade da AChE no hipocampo de ratos envelhecidos
foi menor que aquela observada em outras estruturas cerebrais, e sugeriu que isto pode
estar relacionado ao fato de que a AChE no hipocampo é relativamente resistente as
alteracdes ligadas a idade. Em estudo prévio demonstramos que o extrato etandlico de
Ocimum americanum inibiu a atividade in vitro da AChE no cortex frontal e no
hipocampo de camundongos (Vanzella et al., 2006). O tratamento agudo e a
suplementacdo cronica com o extrato etandlico de Ocimum americanum néo
modificaram a atividade da AChE no hipocampo. De acordo com este achado,
Sembulingam e colaboradores (2005) demonstraram que a administracdo do extrato de
Ocimum sanctum por 7 dias ndo alterou a atividade da AChE em vaérias estruturas

cerebrais. No entanto, este tratamento impediu as alteragGes na atividade da AChE
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induzidas pela exposicdo ao estresse por ruido. Alguns pesquisadores tém sugerido que
algumas espécies de Ocimum, em especial o Ocimum sanctum, alteram parametros
bioquimicos quando h& perda da homeostase e por isso tem uma acdo adaptogénica
(Sembulingam et al., 1997, 1998, 1999). Além de que, deve-se considerar que grande
parte dos estudos de atividade anticolinesterasica de espécies da familia Lamiaceae
foram realizados utilizando ensaios in vitro, assim, em ensaios in vivo 0s resultados
podem ndo reproduzir gracas a processos farmacocinéticos, como absorcdo, distribuicdo
e eliminagdo.

Até 0 momento, o0 composto ativo e 0 mecanismo através do qual o EEOA exerce suas
acOes ndo sdo completamente conhecidos. Contudo, € razoavel assumir que as
atividades descritas para 0 EEOA neste trabalho possam estar relacionadas pelo menos
em parte com a presenca de compostos fendlicos, tais como o acido rosmarinico, um
antioxidante muito encontrado em especies da familia Lamiaceae (Rady e Nazif, 2005).
Ainda, cabe ressaltar que o0 nosso objetivo aqui foi avaliar o efeito da planta com vistas
a nutracéutica, ja que ela € muito utilizada como condimento.

Os dados deste estudo sugerem que o extrato etandlico de Ocimum americanum contém
compostos neuroprotetores. Podemos propor que as propriedades antioxidantes, bem
como a modulacdo do processo de neuroinflamacéo, podem estar relacionadas com o
efeito neuroprotetor. No entanto, mais estudos sdo necessarios para a compreensdo dos

mecanismos moleculares envolvidos com este efeito neuroprotetor.
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