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RESUMO

Analise quimica e avaliagao das atividades biolégicas e comportamentais de

extratos de frutas ricas em compostos fendlicos (Mirtilo e Amora-Preta)

O presente estudo teve como objetivos: determinar o teor dos polifendis:
flavonoides e antocianos totais presentes nos extratos de mirtilo (Vaccinium ashei)
e amora preta (Rubus sp) por espectrofotometria; desenvolver e validar uma
metodologia analitica para a caracterizagdo dos extratos por cromatografia liquida
de alta eficiéncia (CLAE), identificar, isolar e quantificar os principais compostos;
avaliar a atividade anticolinesterasica, antioxidante frente a difenilpicrilhidrazol
(DPPH) e anti-quimiotatica in vitro; realizar a dosagem de aminas biogénicas no
cérebro, investigar as possiveis atividades antinociceptiva, antiinflamatéria,
antiepiléptica, cognitiva e neuroprotetora do extrato de Vaccinium ashei, e o efeito
neuroprotetor de um composto isolado a partir de Rubus: a cianidina, em varios
modelos experimentais in vivo, em ratos e camundongos. Os perfis
cromatograficos apresentaram compostos comuns as duas amostras; onde foram
identificados 4 flavondides, sendo hiperosideo, quercitrina e isoquercitrina comuns
a ambos extratos, e a rutina confirmada apenas em Rubus. Cinco antocianidinas
foram identificadas em Vaccinium: delfinidina, cianidina, petunidina, peonidina e
malvidina, e a cianidina em Rubus. Os resultados demonstraram, diferencas nas
quantidades totais de polifendis, flavondides e antocianos. Todos os extratos,
apresentaram atividade sequestradora do radical DPPH in vitro. A atividade
antiquimiotatica in vitro foi comprovada para a fragao flavonoidica. Os ensaios
biolégicos realizados in vivo demonstraram que o extrato preparado a partir de
uma mistura de diferentes cultivares de Vaccinium ashei apresentou efeitos
antinociceptivos nos testes da formalina sub-plantar, contorgbes abdominais, placa
quente e ftail flick. Produziu também efeito neuroprotetor, avaliado pelo ensaio
cometa e pelo método de TOSC. Também causou aumento da atividade

locomotora, assim como exerceu um efeito ansiolitico em roedores adultos.



Facilitou a memoria de curta duragdo e a Memdria de longa duragédo e produziu
um aumento de 5-HT no estriado e hipocampo de ratos adultos. Foi observado
também que a cianidina isolada exerceu atividade neuroprotetora conforme
avaliado pelo método de TOSC em ratos adultos. Ndo foram observadas
diferengas significativas no modelo de epilepsia, entre o grupo tratado e o grupo
controle, assim como nao foram detectadas alteragbes no sistema dopaminérgico.
Em sintese, os dados analisados em conjunto, permitem sugerir que o extrato de
Vaccinium ashei e compostos isolados a partir de Rubus sp., como a cianidina,
apresentam importante efeito neuroprotetivo, antinociceptivo e cognitivo, e nesta
acao esta envolvida a participagao direta ou indireta dos receptores serotonérgico,
acetilcolinérgicos, opidides e de citocinas pré-inflamatérias. Neste sentido, foram
obtidos avancgos significativos acerca dos mecanismos de agdo de ambos géneros
0 que torna o0 seu extrato e seus principios ativos interessantes para o
aproveitamento e desenvolvimento de novos alimentos funcionais e/ou

nutracéuticos.

Palavras-chave: Vaccinium ashei, Rubus, SNC, CLAE, validacido, polifendis,
DPPH.
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ABSTRACT

Chemical analysis and evaluation of the biological and behavioral activities

of extracts of fruits rich in phenolic compounds (Blueberry and blackberry).

The objectives of this study were: comparing total phenolics, total
anthocyanins and antioxidant capacity in appropriate berry samples from selected
cultivars of the Vaccinium ashei and Rubus. A reliable HPLC procedure for
determining the profile, quantifying and isolating of major compounds present in
the extracts have been developed. The potential effects of the extracts were
observed by chemotaxis assay, by acetilcholinesterasic inhibition, and their
antioxidant properties evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) in
vitro. Otherwise, we examined the antinociceptive, antiinflammatory, cognitive,
anti-epileptic and neuroprotective effects of the extract of Vaccinium ashei in
several experimental models in vivo, as well as biogenic amine concentration, in
specific brain regions in rats and mice. In addition, it was tested the efficacy of oral
administration of cyanidin-3-glucoside extracted from Rubus sp. in lipid
peroxidation in brain rats (TOSC). An HPLC method for the analysis of
anthocyanidins and flavonoids in berries extracts have been developed. The data
obtained show that various compounds are common in the fruits analyzed, and
four flavonoids were identified: hyperoside, quercetrin and isoquercitrin occurring in
both fruits, and rutin occurring only in Rubus. Five anthocyanidins were identified in
Vaccinium: delphinidin, cyanidin, peonidin, petunidin, and malvidin, and in Rubus
cyanidin 3-glucoside was the major anthocyanin. We found that the flavonoids
fractions significantly have inhibited migration celullar and acetilcholynestarase,
and both total extract and fractions exhibited strong antioxidant activity. The extract
(a mixture from the different cultivars) significantly enhanced short and long-term
memory in the inhibitory avoidance task, induced an increase in the number of
crossings during open field habituation, and had an anxiolytic effect in the elevated

plus-maze task. These processes are accompanied by alterations in serotonin (5-



HT) in the striatum, and the hippocampus. Cyanidin 3-glucoside isolated
significantly reduced lipid peroxidation in hippocampal tissue in rats. In conclusion,
the data from the current study show that the Vaccinum extract produce an
important neuroprotective, cognitive and antinociceptive effect, which could be
related with a direct or indirect interaction with the serotonergic, cholinergic, opioids
receptors and pro-inflammatory cytokines. On the other hand, the extract don'’t
have protected the pentilenotetrazole-induced convulsions in mice, or influenced
the memory retention in old rats when accessed in the step-down inhibitory
avoidance, and showed no anxiolytic action in an elevated plus maze. The
Vaccinium ashei extract did not alter locomotor activity, and the dopamine

concentration in adult or old rats.

Keywords: Vaccinium ashei, Rubus, behaviour, CNS, HPLC, validation,
poliphenols, DPPH.
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1 INTRODUGAO

1.1 Contextualizagcéo

O inicio do novo milénio apresenta numerosos desafios, entre os quais um
novo cenario epidemioldgico surgindo numa vertiginosa progressdo em escala
mundial. As enfermidades cronicas nao-transmissiveis como obesidade, diabetes,
enfermidades cardiovasculares e cerebrovasculares, cancer, osteoporose e outras
afeccdes degenerativas apresentam hoje uma crescente atencdo. Nao apenas por
seu impacto econémico como também pela redu¢do na Qualidade de Vida e pelo
comprometimento da saude fisica e mental delas decorrentes (KWAK e JUKES,
2001a).

Dos 16 fatores de risco associados as principais causas de mortalidade
reconhecidas pela Organizagdao Mundial da Saude (OMS) em 2003, tanto em
paises desenvolvidos como em desenvolvimento, dez estavam relacionados com
o estilo de vida entre estes a alimentagéo.

Alimentacdo adequada e padrao de atividade fisica regular constituem uma
importante estratégia para o controle da morbi-mortalidade, bem como contribuem
para que a vida das pessoas atinja seu potencial maximo. Entre outras dimensdes,
este potencial se traduz pela plena capacidade de crescimento e pelo
desenvolvimento da mulher em idade fértil, resultando em novas geragdes mais
sadias na vida adulta, por sua capacidade de inserir-se produtivamente na
sociedade, bem como em uma terceira idade ativa tanto fisica quanto
mentalmente.

Outro desafio deste milénio se relaciona com o descobrimento ou
redescobrimento de novos efeitos benéficos nos alimentos além de seu conhecido
aporte nutricional, o que significa o desenvolvimento de investigacbes que
demonstrem beneficios para a saude, a partir de diferentes principios ativos além
dos nutrientes conhecidos dos alimentos. Estes beneficios se expressam como o

aumento de uma fungao do organismo ou pela reducao no risco de doenca.



Em 1984, foram estudados no Jap&o alimentos que além de satisfazerem
as necessidades nutricionais basicas desempenhavam efeitos fisioldgicos
benéficos. O interesse por esse tipo de alimentos se deu pelo aumento da
expectativa de vida da populagdo naquele pais, por se buscar uma maneira de
reduzir a incidéncia de doengas crénicas degenerativas e o custo representado
por elas. Formou-se assim um programa de governo reunindo universidades
japonesas e industrias, com a finalidade de desenvolver alimentos saudaveis com
propriedades medicinais (ARAI et al., 2002).

Deste modo, o Japao foi o primeiro pais a elaborar uma legislagcao alimentar
para regular seu comércio e definir os alimentos funcionais como: alimentos
processados que contém ingredientes que auxiliam em fungbes orgénicas
especificas, aléem de serem nutritivos. Eles reconheceram 12 classes de
elementos ou ingredientes benéficos para a saude, entre os quais se encontram
as fibras, os oligossacarideos, as vitaminas, bactérias lacticas, minerais, acidos
graxos poli-insaturados (ANJO, 2004). Em 1991, a categoria de alimentos foi
regulamentada recebendo a denominacédo de "Foods for Specified Health Use"
(FOSHU). A tradugdo da expressao realizada para o portugués é Alimentos
Funcionais ou Nutracéuticos.

Nota-se que a expressao alimento funcional (AF), nutracéuticos, alimentos
com alegagdes funcionais ou de saude sdo os mais usados. A falta de
diferenciacao entre os termos “alimentos funcionais” e “nutracéuticos” justifica-se
devido ao limitado conhecimento destes conceitos pela populagdo. A informagao
contribui para uma maior aceitagado dos alimentos funcionais, diferenciando-os dos
nutracéuticos, os quais envolvem todos os tipos de alimentos que possuem algum
efeito médico e de saude (WALZEM, 2004).

O surgimento desses produtos que trazem um "algo mais", além dos
nutrientes ja conhecidos, teve influéncia de fatores como: o aumento da
expectativa de vida da populagdo, o aumento da consciéncia dos consumidores,
que desejando melhorar a qualidade de suas vidas, optam por habitos saudaveis.
Esses consumidores criam uma demanda por produtos alimenticios que estao

associados a efeitos benéficos e aos interesses econdbmicos da industria de
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alimentos, em razao dos altos custos com o tratamento de doengas e do avanco
nos conhecimentos demonstrando uma relagdo entre a alimentagdo e o bindmio
saude/doenca (SOUZA et al., 2003; ACNielsen).

Paralelamente, objetiva-se a redugéo do emprego de produtos sintéticos em
alimentos industrializados, fortalecendo a assercdo de que o alimento deve
desempenhar funcbes terapéuticas e nao trazer riscos a saude. As frutas
vermelhas sdo alimentos que atendem bem a alguns desses requisitos, ja que
apresentam numerosos compostos fendlicos, inclusive antocianos. Tais
compostos possuem uma série de propriedades benéficas para a saude humana,
sendo algumas delas a capacidade analgésica, a atividade antiinflamatéria e o
efeito vasodilatador. Além disso, foi demonstrado que certas enzimas sé&o
alteradas pelos polifendis como, por exemplo: as proteinas kinase C e ERK,
ambas relacionadas com a modulagdo da meméria (PATIL et al., 2003; YOUDIM
et al., 2004).

Dentre estas frutas, o mirtilo e a amora-preta sdo excelentes exemplos. Na
Regido de Pelotas e no estado do RS estdo sendo cultivadas estas plantas, ricas
em antioxidantes, tradicionalmente utilizadas em outros continentes. Desse modo,
a sua utilizagdo como alimentos funcionais e/ou como fornecedoras de
fitoquimicos com potencial preventivo e terapéutico € promissora, e podera
constituir uma mais-valia e uma fonte extra de rendimento para os agricultores que
se dediquem ao cultivo destas espécies. Uma outra maneira de agregar valor a
estas plantas seria desenvolver um processo de extragdo desses antioxidantes
que pudesse ser utilizado por micro e pequenas empresas da regido.

Nesse sentido, o presente trabalho objetivou realizar analises fitoquimicas
visando identificar os compostos bioativos e estudar o mecanismo pelo qual
extratos provenientes de frutos de Vaccinium ashei e Rubus sp. poderiam afetar
diversas rotas neuronais de sinalizagdo, que sao importantes nos processos de
aprendizagem e memoria, nos processos normais e patologicos decorrentes do

envelhecimento, e na terapéutica como agente antiinflamatério.



Visando um ordenamento dos assuntos abordados, o trabalho esta dividido
em 5 capitulos:

- O capitulo | apresenta uma revisdo da literatura e desenvolvimento e
validagcdo do método por cromatografia liquida de alta eficiéncia, para a
caracterizagao quimica e quantificacdo dos principais antocianos e flavondides

presentes nas amostras de mirtilo e amora-preta.

- O capitulo Il relata os estudos de caracterizacdo por espectrofotometria
das diferentes cultivares de mirtilo e a atividade antioxidante frente a DPPH in

vitro; bem como os efeitos neuroprotectivos in vivo da mesma amostra.

- O capitulo Il aborda uma revisdo bibliografica sobre os mecanismos
envolvidos na nocicepcgao, e relata os resultados obtidos apés verificagdo da
atividade antinociceptiva do extrato de mirtilo nos modelos de nocicepgao

quimica e mecanica.

- O capitulo IV apresenta uma revisao da literatura sobre conceitos basicos
da memoria e os efeitos da suplementacdo oral com extrato de mirtilo em

diferentes modelos comportamentais em roedores.

- O capitulo V inclui um levantamento bibliografico e o desenvolvimento de
método para isolar cianidina-3glicosideo e a administragdo oral deste

composto para a investigagao de propriedades bioldgicas no SNC.



1.2 Objetivos

Parte A. Analise quimica

e Avaliar os polifendis: flavonoides e antocianos totais presentes nos extratos

de mirtilo e amora-preta por espectrofotometria;

e Desenvolver e validar uma metodologia analitica para realizar a
caracterizagdo dos extratos por cromatografia liquida de alta eficiéncia
(CLAE), visando a identificagdo e quantificagdo dos principais compostos

de mirtilo e amora-preta;

e Realizar o isolamento de cianidina-3-glicosideo a partir da amora preta;

e Implementar a técnica de a-a-difenil-B-picrilhidrazila (DPPH) e
posteriormente avaliar a atividade antioxidante frente a DPPH in vitro de
forma quantitativa dos diferentes cultivares de mirtilo e amora-preta tanto do

extrato total quanto das fragdes individuais;

e Realizar micro-isolamento das antocianinas, por CLAE, para a realizacao

de ensaios bioldgicos de ambas as frutas previamente citadas;

Parte B: Avaliacédo das atividades bioldgicas:

e Determinar a atividade anticolinesterasica e avaliar a atividade antioxidante

frente a DPPH em placa cromatografica;

e Avaliar, a inibicdo da motilidade leucocitaria, através do modelo de camara
de Boyden dos extratos de ambas as frutas acima mencionadas e das

fracdes obtidas;



Ensaios realizados com extrato de mirtilo (Vaccinium ashei)

Avaliar o efeito de extratos sobre a atividade pré-convulsivante produzida

com pentilenotetrazol em camundongos;

¢ Investigar os efeitos antinociceptivos em camundongos;

e Avaliar o efeito sobre 0 aprendizado e memédria em camundongos e ratos;

e Avaliar o efeito sobre a atividade locomotora, em camundongos e ratos;

e Avaliar o efeito ansiolitico em camundongos e ratos;

e Avaliar o efeito sobre os niveis dos neurotransmissores dopamina,

serotonina e seus metabdlitos em hipocampo, cortex e estriado de ratos;

e Realizar a determinagdo da capacidade antioxidante total (TOSC), no

cortex e hipocampo de ratos tratados de forma crénica com extratos;

e Fazer a determinagcao do dano de DNA no cortex e no hipocampo de ratos

e camundongos;
Ensaios in vitro/vivo realizados com extrato de amora-preta (Rubus sp.)
e Realizar o tratamento prolongado com cianidina-3-glicosideo isolado, em
ratos e realizar a determinagéo dos niveis de lipidios peroxidados (TBARS)

em hipocampo, estriado, coértex pré-frontal, cortex cerebral de ratos;

e Correlacionar os dados moleculares obtidos com os efeitos biologicos

obtidos nos modelos acima citados;



2 REVISAO BIBLIOGRAFICA
2.1 Alimentos Funcionais

Embora ainda ndo exista um consenso mundial a respeito do que sdo os
AF, a definigdo mais comum indica que um alimento pode ser considerado
funcional se for demonstrado que pode influenciar positivamente uma ou mais
funcdes alvo no corpo, além de possuir efeitos nutricionais adequados, de maneira
a ser tanto relevante para o bem-estar e a saude, quanto para a redugao do risco
de doenca (ROBERFROID, 2002).

Os AF s3o alimentos’ que provéem a oportunidade de combinar produtos
comestiveis de alta flexibilidade com moléculas biologicamente ativas, como
estratégia para consistentemente corrigir disturbios metabdlicos resultando em
redugao dos riscos de doengas e manutengao da saude (ANJO,2004, WALZEM,
2004). Estes alimentos podem ser classificados, quanto a origem: vegetal ou
animal, ou quanto aos beneficios que oferecem, atuando em diversos sistemas do
organismo: no sistema gastrointestinal; no sistema cardiovascular; no metabolismo
de substratos, no crescimento, no desenvolvimento e diferenciagcao celular; e
como antioxidantes (SOUZA, et al., 2003). Podemos assumir que AF sdo todos os
alimentos ou bebidas que, consumidos na alimentacido cotidiana, podem trazer
beneficios fisiolégicos especificos, gracas a presenca de ingredientes
fisiologicamente saudaveis (CANDIDO e CAMPOS, 2005).

Esta classe de alimentos pertence a nutricdo e ndo a farmacologia,
merecendo uma categoria propria, que nao inclui suplementos alimentares; porém
0 seu papel em relagao as doencgas esta, na maioria dos casos, concentrado mais

na redugao dos riscos do que na prevencao de doengas.

* Para o Codex Alimentarius, alimento & definido como sendo qualquer substancia, quer seja
processada, semi-processada ou crua, destinada ao consumo humano, incluindo bebidas, goma de
mascar e qualquer substancia que seja usada na fabricagdo, preparagdo ou tratamento do
alimento. Porém, nao inclui cosméticos, tabaco ou substancias usadas apenas como drogas
(SOUZA, et al., 2003).



Os alimentos funcionais apresentam as seguintes caracteristicas:

e devem ser alimentos convencionais a serem consumidos na dieta cotidiana;

e devem apresentar componentes naturais em concentracbes adequadas, ou
devem estar presentes em alimentos que normalmente ndo os supririam;

e devem ter efeitos benéficos além do valor nutritivo, que pode favorecer o bem-
estar e a saude e/ou reduzir o risco de ocorréncia de doengas, promovendo
beneficios a saude além de aumentar a qualidade de vida, incluindo os
desempenhos fisico, psicolégico e comportamental;

e a alegacao da propriedade funcional deve ter embasamento cientifico;

e pode ser um alimento no qual um componente tenha sido removido, ou também
onde a natureza de um ou mais componentes tenha sido modificada;

e pode ser um alimento no qual a bioatividade de componentes especificos tenha
sido modificada (ROBERFROID, 2002).

2.2 Nutracéuticos

O nutracéutico, por sua vez, € um alimento ou parte de um alimento que
proporciona beneficios para a saude, incluindo a prevencao e/ou tratamento da
doenca. Sua agao varia desde o suprimento de minerais e vitaminas essenciais,
até a protecdo contra certas doencgas infecciosas (HUNGENHOLTZ e SMID,
2002).

Estes produtos podem abranger nutrientes isolados, suplementos
dietéticos, alimentos funcionais, produtos vegetais e alimentos processados tais
como cereais, sopas e bebidas, e também podem ser produzidos através de
métodos fermentativos com o uso de microrganismos (KWAK e JUKES, 2001a).
Os nutracéuticos podem ser classificados como fibras dietéticas, acidos graxos
poliinsaturados, proteinas, peptideos, aminoacidos ou cetoacidos, minerais,
vitaminas e antioxidantes (ANDLAUER e FURST, 2002).

O seu alvo é diferente dos alimentos funcionais, por varias razdes:



a) enquanto a prevengcdo e o tratamento de doengas (apelo médico) sao
relevantes aos nutracéuticos, apenas a reducdo do risco da doenca, e ndo a
prevencao e tratamento da doencga estao envolvidos com os alimentos funcionais;
b) enquanto que os nutracéuticos incluem suplementos dietéticos e outros tipos de
alimentos, os alimentos funcionais devem estar na forma de um alimento comum
(KWAK e JUKES, 2001b).

Desta forma, no Brasil pode-se comparar a definicdo de substancias
bioativas com a de nutracéuticos. A resolugado RDC 2 de 2002, define as
substancias bioativas como nutrientes ou nao-nutrientes presentes em fontes
alimentares que possuem acao fisiolégica especifica no organismo. Estas
substancias podem ser de origem natural ou sintética, desde que comprovada sua
seguranga para 0 seu consumo.

De acordo com Kruger e Mann (2003) os ingredientes funcionais s&do um
grupo de compostos que apresentam propriedades benéficas a saude, tais como
as alicinas presentes no alho, os carotendides e flavondides encontrados em
frutas e vegetais, os glucosinolatos encontrados nos vegetais cruciferos os acidos
graxos poliinsaturados presentes em O6leos vegetais e Oleo de peixe. Estes
ingredientes podem ser consumidos diretamente através dos alimentos, sendo
estes entdo considerados alimentos funcionais; ou individualmente, como
nutracéuticos. Devem ter adequado perfil de seguranga para o consumo humano,
e nao devem apresentam risco de toxicidade ou efeitos adversos com relacéo as
drogas medicinais (BAGCHI et al., 2004).

No entanto, a dificuldade se encontra na regulamentagdo destes termos,
pois deve haver uma diferenciagao entre produtos que sdo vendidos e consumidos
como alimentos (funcionais), e aqueles em que um componente em particular foi
isolado e é vendido na forma de barras, capsulas, pos, entre outros (nutracéuticos)
(COOPENS et al., 2006).

Do ponto de vista legal, € sabido que os alimentos funcionais e
nutracéuticos possuem conceituagdes semelhantes em muitas partes do mundo,
persistindo a dificuldade de regulamentacdo dos termos. Deve ser mantida a

diferenciacdo fundamental, que faz com que os alimentos funcionais se
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relacionem a sua venda e consumo enquanto alimentos, ao passo que O0s
nutracéuticos s&o ingredientes funcionais isolados e s&o consumidos sob
diferentes formas, dadas pela industria (SOUZA, et al., 2003).

2.3 Conceito e Definigdo Legal

No Brasil, o Ministério da Saude, através da Agéncia Nacional de Vigilancia
Sanitaria (ANVISA), regulamentou os Alimentos Funcionais através das seguintes
resolugdes: ANVISA/MS 16/99; ANVISA/MS 17/99; ANVISA/MS 19/99. Segundo a
ANVISA, alimentos funcionais sdo aqueles que produzem efeitos metabdlicos ou
fisiologicos através da atuagdo de um nutriente ou ndo-nutriente no crescimento,
desenvolvimento, manutengcdo e em outras fungbes normais do organismo
humano. Além disso, o alimento ou ingrediente que alegar propriedades
funcionais, além de atuar em fungdes nutricionais basicas, ira desencadear efeitos
benéficos a saude e devera ser também seguro para o consumo humano, sem
supervisdo médica.

As propriedades destes alimentos podem advir de seus constituintes
normais como no caso das fibras, antioxidantes (vitamina E, C, betacaroteno)
presentes em frutas, legumes, e cereais integrais, ou através da adigdo de
ingredientes que modifiquem suas propriedades originais exemplificada por varios
produtos industrializados, tais como: leite fermentado, biscoitos vitaminados,
cereais ricos em fibras, etc. Também podem ser consideradas dentro deste grupo
as modificacdes sobre a matriz do alimento que melhoram a biodisponibilidade de
certos nutrientes ou suas condicbes de absorgdo (NEUMANN, et al., 2002;
TAIPINA, et al., 2002).

Por sua vez, a comunidade européia define um alimento como funcional
quando demonstra satisfatoriamente que afeta de forma benéfica uma ou mais
fungbes do organismo além de seu aporte nutricional habitual, de uma maneira
significativa tanto para incrementar o estado de saude e/ou bem-estar ou para
reduzir o risco de doenca (ASHWHEL, 2005).
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No Reino Unido, o Ministério da Agricultura, Pesca e Alimentos (MAFF)
define AF como um alimento cujo componente incorporado oferece beneficio
fisiolégico e n&do apenas nutricional. Esta definigdo permite distinguir alimentos
funcionais de alimentos fortificados com vitaminas e minerais.

Na Argentina ANMAT (administracion nacional de medicamentos alimento e
tecnologia medica) considera que para que um alimento seja considerado
funcional deve mostrar: a) que contribui para melhorar o estado de saude e bem-
estar por possuir um efeito benéfico sobre uma ou varias fun¢gées do organismo,
além dos efeitos nutricionais conhecidos. b) que reduz o risco de doenga. Entre
0os principios ativos encontram-se vitaminas, minerais, fibras, fitoquimicos,

probiéticos e prebidticos.
Assim pode-se dizer que um alimento funcional pode resultar:

1) Da modificagcdo de alguma condigdo em seu cultivo ou criagdo para
modifica-lo favoravelmente (queijos, 6mega3, antioxidantes).

2) A adigdo de um ingrediente ou principio ativo que melhore a saude ou a
digestao do alimento (probioticos ou fitoesterdis em lacteos, antioxidantes
em alimentos e bebidas).

3) A remocao de algum componente para diminuir potenciais efeitos adversos
(fitatos por fermentagcéo de vegetais para aumentar a biodisponibilidade de
micronutrientes; remocao de determinados componentes da soja por
extrusao, diminuicao do conteudo de colesterol do ovo).

4) Pela modificagdo da natureza de alguns dos nutrientes que compde a
matriz do alimento, como a hidrélise de uma proteina de formulas lacteas
para diminuir seu potencial alérgico.

5) Modificagcdo da estrutura e composicdo do alimento para melhorar a
biodisponibilidade de um ou mais componentes (modificacdo da estrutura
do amido para atingir uma absorcdo lenta da glicose e melhorar a sua
provisao cerebral).

Ja a Academia de Ciéncias dos EUA definiu os AF como aqueles alimentos

modificados ou que apresentem um ingrediente que demonstre uma agado que
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incremente o bem-estar do individuo ou reduza o risco de doenca além da funcéo
tradicional dos nutrientes que possui.

Neste aspecto, a Associacado Dietética Americana produziu um glossario
com as definicdes basicas para alimentos funcionais (BLOCH e THOMSON,
1995):

Agente quimiopreventivo (Chemopreventive agent): alimento que apresente um
nutriente ou composto do que foi cientificamente estudado como potencial inibidor
da carcinogénese;

Alimento elaborado (Designer food): alimentos processados que sao
suplementados ou enriquecidos com compostos bioativos, naturalmente ricos em
substancias que previnem doencgas. Isto envolve a engenharia genética ou de
alimentos;

Alimento funcional (Functional food): todo alimento ou ingrediente modificado
que proporciona efeitos benéficos além daquele fornecido por nutrientes comuns;
Farma-alimento (Pharma-food): alimento ou nutriente com potencial efeito
benéfico ou uso médico, incluindo a prevencgao e o tratamento das doencas;
Fitoquimicos (Phytochemical): substancias encontradas em frutas e vegetais que
podem ser ingeridas diariamente e que apresentam a propriedade de modular o
metabolismo humano favorecendo a prevencao do cancer e de outras doencgas;
Nutracéutico (Nutraceutic): substancia considerada como alimento ou uma parte
dele que proporciona efeitos benéficos ou médicos, incluindo a prevengao e o
tratamento de doengas.

Nutracéutico é definido também como um produto alimenticio consumido ou
administrado enteralmente, sob a supervisdo médica, baseada na avaliacéo
médica para o manejo de uma determinada doenca (HARDY, 2000; FERRARI e
TORRES, 2003).

Deste modo, verificou-se que existem diferentes tipos de definicbes e usos para as
alegacbes, sendo algumas vezes equivalentes entre os diferentes paises,
podendo, no entanto, apresentar diferengas significativas. Verifica-se também que
todos os paises em estudo compartilham alguns pontos comuns quanto aos

critérios de avaliagdo, como: as alegacdes devem ser baseadas em estudos
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cientificos relevantes, e o produto deve ser seguro sem a necessidade de
supervisdao médica (PIMENTEL, et al., 2005).

E importante salientar que antes do produto ser liberado para o consumo
humano, deve obter registro no Ministério da Saude e, para isso, precisa
demonstrar sua eficacia e sua seguranga de uso. O fabricante deve apresentar
provas cientificas: composicao quimica ou caracterizacdo molecular, quando for o
caso, e ou formulacdo do produto; ensaios bioquimicos; ensaios nutricionais e ou
fisiolégicos e ou toxicolégicos em animais de experimentagdo; estudos
epidemioldgicos; ensaios clinicos; evidéncias abrangentes da literatura cientifica.
Reconhecimento por organismos internacionais de saude e legislagao
internacionalmente reconhecidas sob propriedades e caracteristicas do produto e
comprovacao de uso tradicional, observado na populacdo, sem associagcao de
danos a saude (Brasil, 1999c; Brasil 1999d; PIMENTEL, et al., 2005). Lembrando
ainda que as alegacdes possam fazer referéncias a manutengao geral da saude, a

reducao de risco, mas nao a cura de doencgas (tabela 1).

Tabela 1. Comparando o alimento funcional com o medicamento:

Alimentos .
Medicamentos

Nutricido e energia necessaria para a
¢ 9 P Tratamento de uma doenca

vida
Beneficio através do uso prolongado Efeito imediato
Para toda uma populacio Para uma populagao especifica
Seguro Beneficio/risco

Consumidor escolhe ou também por Prescricdo médica ou de profissional
Prescricao médica ou de profissional de de saude
saude

Fonte: adaptado a partir de YETLEY, 1996.
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Portanto, os alimentos funcionais representam um conceito, mais do que
um grupo definido de alimentos, e sua area é precisamente a dos alimentos, ou
seja, eles possuem valor nutricional, aspecto, propriedades sensoriais e demais
atributos de todo alimento. Nao sdo um veiculo de drogas com acgao
farmacoldgica, porém representam uma conjungdo com principios ativos, que
quando consumidos em uma quantidade razoavel exercem acdes benéficas no
nivel fisiologico (NOONAN e NOONAN, 2004).

2.4 Alimentos funcionais e seus componentes bioativos

A maior parte dos AF encontra-se nos alimentos de origem vegetal, pela
presenca de fitoquimicos, assim com em produtos de origem animal reconhecidos
por suas propriedades benéficas. A seguir estda apresentada uma lista dos

alimentos mais estudados e seus supostos beneficios a saude.

Aveia: a aveia por ser fonte de fibras soluveis beta glucana, foi o produto
que recebeu a primeira alegagdo de saude aprovada pela FDA. Os beneficios
incluem: efeitos protetores contra doencgas cardiovasculares, hipertensdo e o bom
funcionamento intestinal (KUSHI et al., 1999).

Alho: Estudos epidemioldgicos indicam que esse alimento pode reduzir o
risco de doengas coronarias e alguns tipos de cancer, propriedade vinculada com
a presenca de alicina (HASLER, 2001).

Tomate: Trabalhos demonstraram que existia uma relagdo inversa entre o
consumo de tomate e os produtos a base de tomate e a reducao do risco de
cancer (por ex. cancer de proéstata, pulmao e es6fago), propriedade vinculada com
a presenca de licopenio (SHAMI e MOREIRA, 2004).
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Soja: As isoflavonas, fitoestrogenos presentes em grandes quantidades na
soja estdo sendo relacionados a redugdo do risco de cancer de mama,

osteoporose e reducgao de efeitos da menopausa (MUNRO, 2003).

Linhaga: Possui propriedades antiinflamatérias e antialérgicas. O consumo
de linhaga também parece diminuir os niveis de colesterol e de LDL sendo por
tanto vinculada com a reducdo dos riscos de doencas cardiovasculares
(HASLER,2001).

Frutas citricas: Flavonodides e limondides sao os dois principais compostos
responsaveis pelas atividades farmacoldogicas destas frutas vinculadas

principalmente com a reducgao do risco de cancer em humanos (HASLER, 1998).

Vinho tinto e uvas: As pesquisas indicando uma relagao entre a ingestao
de vinho e a redug¢ao de doencas cardiovasculares, datam de 1979. Atualmente as
pesquisas relacionam seus efeitos benéficos com a presenca de polifendis

incluino o resveratrol (componentes nao alcodlicos do vinho) (JANG, 1997).

Peixe: A American Heart Association recomenda o consumo de uma ou
duas porgdes de peixe por semana devida a presenga de acidos graxos omega-3
e sua relacdo com a redugao do risco de hipertensao e cancer (SIMOPOULOQOS,
1999).

Prebiéticos: Sao definidos como alimentos n&o hidrolisaveis no trato
gastrointestinal superior, que promovem o crescimento preferencial de bactérias
intestinais, particularmente Bifidobacterias e os Lactobacilus. Sédo classificados do
ponto de vista nutricional, como fibras dietéticas e sao constituidos de
carbohidratos pouco absorvidos no trato gastrointestinal superior como, por
exemplo, a oligofrutose. Estdo habitualmente presentes nas frutas e vegetais tais

como trigo, banana, cebola, tomate etc (BLAUT, 2002).
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Probiéticos: S&o definidos como preparacdes e produtos contendo
microorganismos viaveis, bem definidos e em quantidades suficiente para alterar a
microbiota intestinal, exercendo efeitos saudaveis no organismo. Os probidticos
mais utilizados envolvem os géneros Lactobacillus e Bifidobacterium (SAAD,
2006).

2.5 Histérico

Numerosos fatores afetam a Qualidade de Vida, de forma que a populagao
deve conscientizarse da importéncia de alimentos contendo compostos biotativos
que auxiliam a promog¢ao da saude. A incidéncia de morte devido a doencas como
cancer, acidente vascular cerebral, arteriosclerose, enfermidades hepaticas,
dentre outros, pode ser minimizada através de habitos alimentares apropriados.

Em contrapartida, uma alimentacdo inadequada pode comprometer a
saude. Nos EUA, por exemplo, segundo dados do Departamento de Saude e
Servigos Humanos, a dieta foi associada a 5 das 10 principais causas de morte:
(entre elas as doengas coronarias, cancer, diabetes). O padrao alimentar
responsavel por tantas mortes, compreende por um lado grandes quantidades de
gordura total, de gordura saturada, colesterol, sédio e agucar refinado, e por outro
lado pequenas quantidades de frutas e verduras (HASLER, 2001).

No Brasil, o consumo de alimentos considerados benéficos para a saude,
como as frutas, vem diminuindo gradativamente por conta do crescimento da
industria alimenticia e do estilo de vida inadequado de muitas pessoas, que dao
énfase em suas dietas a produtos processados, na maioria das vezes com alto
valor caldérico e baixo valor nutricional. Observam-se no pais tendéncias
nutricionais desfavoraveis como o excessivo consumo de gorduras, de agucar e
sal, em detrimento ao consumo de frutas, vegetais e graos integrais, ricos em
compostos bioativos com acao antioxidante.

Nos ultimos anos as classes sociais denomindas D e E tiveram um
incremento na qualidade de vida e passaram a consumir maior gauntidade de

alimentos industrializados ricos em gorduras e baixa qualidade nutricional, tendo
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como uma das consequéncia o aumento da frequéncia de criangas obesas, antes
ndo comum nestas classes sociais (POF 2002-2003).

A mudanga no padrao alimentar tem gerado um processo denominado de
transicdo epidemioldgica, ou seja, esta ocorrendo uma significativa redugao nas
doencas infecciosas e um grande aumento nas chamadas enfermidades crénico-
degenerativas. Neste sentido, as doencgas cardiovasculares ocupam o primeiro
lugar como "causa mortis", e outras enfermidades como o cancer, diabetes e as
doencas de fundo neurolégico como Alzheimer e Parkinson, encontram-se entre
as dez primeiras causas de mortalidade (ABREU, 2003). Desta forma, os
recursos financeiros do pais sao insuficientes para promover a saude da
populagado, principalmente daqueles com idade superior a 50 anos (ABREU,
2003).

Por outro lado, a baixa incidéncia destas doencas em outras populagdes
chamou a atencgdo para a sua dieta; os esquimos, com sua alimentagdo baseada
em produtos do mar ricos em acidos graxos poliinsaturados das familias 6mega 3
e 6, tém baixo indice de problemas cardiacos (PIMENTEL et al., 2005), assim
como os franceses, devido ao consumo de vinho tinto, o qual apresenta grande
quantidade de compostos fendlicos (BENAVENTE-GARCIA et al, 1999). Os
orientais, por sua vez, devido ao consumo de soja, a qual contém fitoestrogénios
(isoflavondides), apresentam baixa incidéncia de cancer de mama (ANJO, 2004).

Estudos epidemiologicos realizados com humanos e com animais
estabeleceram uma relacdo entre o consumo de frutas e vegetais com reduzido
risco de cancer (estbmago, esbdfago, pulméo, cavidades orais e faringe,
endométrio, pancreas, coélon e prostata) (BLOCH e THOMSON, 1995). Os tipos de
frutas e vegetais que mais frequentemente aparecem como protetores nesses
estudos sao o tomate, a soja, o alho e a cebola, as frutas citricas como o limao,
laranja e tangerina, vegetais cruciferos como brécolis, couve-flor, repolho e couve
de Bruxelas, e frutas vermelhas como a uva, a framboesa e o morango (CANTUTI-
CASTELVETRI et al., 2000). Contudo, esses estudos epidemioldgicos sao
realizados com base numa determinada pratica dietética (rica em alimentos

funcionais) e ndo em relagdo aos componentes individuais destas dietas.
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2.6 Antioxidantes Naturais: Compostos fendlicos

Durante a década passada, o termo funcional quando aplicado aos
alimentos foi adotado com uma conotacéo diferente que foi a de proporcionar um
beneficio fisiologico adicional além de apenas satisfazer as necessidades
nutricionais basicas. Ainda que uma profusdo de compostos biologicamente
ativos tenha sido identificada, faltam trabalhos que aprofundem os detalhes
técnicos acerca da forma de acdo dos compostos especificos presentes em varios
alimentos.

Nesse contexto, polifenéis estdo sendo extensivamente estudados,
procurando-se estabelecer sua eficiéncia de absorgdo no trato gastrointestinal,
biodisponibilidade, mecanismos de acdo e recomendagdes para consumo
humano. Estes compostos sdo os antioxidantes mais abundantes da dieta, e o
consumo diario pode atingir 1 g, o que é muito maior que o consumo de todos os
outros fitoquimicos com propriedades benéficas. Inicialmente acreditava-se que a
absor¢cado destes compostos era insignificante (por volta de 1-25%). Contudo,
estudos recentes demonstraram até 50% de absorgdo de alguns polifendis
(flavondides, inclusive antocianos) (ROSS e KASUM, 2002; PASSAMONTI et al.,
2003).

Os compostos fendlicos enquadram-se em diversas categorias (figura 1),
como acidos fenolicos (derivados de acidos benzodico e cindmico), flavonodides
(flavonols, flavonas, flavanas, flavanonas, isoflavondides), e estilbenos
(resveratrol) (PETERSON e DWYER, 1998; RIBEIRO e SERAVALLI, 2004). Entre
estes compostos, os mais estudados sao os flavondides, que tém em comum a
estrutura C6-C3-C6, consistindo de dois anéis aromaticos ligados por um
heterociclico oxigenado. Dentre os aproximados 4000 flavondides ja descritos, as
maiores classes sao flavondis, catequinas ou flavonas, antocianidinas e
isoflavonas. Nestas classes ha grandes variagdes estruturais, dependendo do
nivel de hidrogenacao, hidroxilagdo, metilagado e sulfonagdo das moléculas. Além
disso, flavonodides formam complexos com agucar, lipidios, aminas e acidos
carboxilicos (LOPES et al., 2000).
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Polifendis

Ac fendlicos Flavondides Estilhenos
Flavonolé*™ Isoflavondides
Flavonas
Flavanas Flavanonas

Antocianinas

ﬂ\ glicose

Antocianidinas

Figura 1. Compostos fendlicos.
Fonte: adaptado a partir de RIBEIRO e SERAVALLI, 2004.

Os efeitos bioquimicos dos polifendis podem ser divididos em quatro
categorias: (1) ligacao por afinidade a polimeros biolégicos; (2) ligagao a ions de
metais pesados; (3) catalise de transporte de elétrons e (4) habilidade de
sequestrarem radicais livres (HAVSTEEN, 1983, 2002; RUSSO e BROSE 2002).
Embora numerosos estudos indiquem a eficacia de polifendis como antioxidantes,
e a possivel relagao entre estas substancias e a reducao de oxidacdes envolvidas
em determinadas doencas, resultados favoraveis sdo obtidos em concentragdes
que variam de < 0,1 a > 100 uymol/L. Os niveis fisioldgicos geralmente encontram-
se em torno de 1 ymol/L; desta forma, nem todos os polifendis ingeridos serao
antioxidantes (ROSS e KASUM, 2002). Apesar de todos os beneficios
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provenientes da capacidade antioxidante* dos polifendis, ressalta-se seu papel
como quelantes de nutrientes, como o ferro, o calcio, aminoacidos e proteinas no
trato gastrointestinal.

Por isso, foram denominados compostos anti-nutricionais durante muito
tempo, e seu consumo elevado (por suplementagéo) pode estar associado a
redugdo da biodisponibilidade de determinados nutrientes essenciais (ROSS e
KASUM, 2002). A biodisponibilidade de polifendis é variavel e influenciada por
diversos fatores como transporte, biotransformacao e excrecido, que continuam
pouco compreendidos; assim, mais estudos serdo necessarios para o
estabelecimento de recomendacgdes dietéticas mais especificas (YOUDIM et al.,
2003, 2004).

2.6.1 Compostos fendlicos na dieta

O estresse oxidativo, agudo e crbnico, tem sido relacionado a um grande
numero de doengas degenerativas, como aterosclerose, diabetes, injuria
isquémica, doencgas inflamatérias (artrite reumatdide, pancreatite), cancer,
doencas neuroldgicas (doenga de Parkinson, esclerose lateral amiotréfica, doenga
de Alzheimer), hipertensao, doencgas oculares (degeneracdo macular relacionada
ao envelhecimento), doencas pulmonares (doenca pulmonar obstrutiva cronica).

Além disso, os efeitos crénicos de espécies reativas de oxigénio (ROS) e
espécies reativas de nitrogénio (RNS) sédo considerados agentes importantes no
processo de envelhecimento (BONDY, 1995; MILLS et al., 2003). Considerando-
se que a producdo de ROS/RNS e as defesas antioxidantes estejam em ajuste
continuo, pode-se supor que em algumas situagdes o balango pode tender
facilmente em favor das espécies reativas. Além disso, a prépria natureza reativa
destas espécies provoca modificacdbes em biomoléculas, gerando alteragdes em

suas estruturas e fungdes.

* Halliwell e Gutteridge (1999) definiram antioxidante como alguma substancia presente em
concentragcdes baixas, comparadas as concentragdes do substrato oxidante, que previne
significativamente ou atrasa a oxidacao de substratos suceptiveis

20



Entre as mais drasticas, encontram-se alteragbes na ribose e bases
nitrogenadas do DNA (acido desoxirribonucléico); ligagbes cruzadas entre bases
nitrogenadas, DNA e proteinas e proteina- proteina; formacdo de adutos;
peroxidagao de acidos graxos poliinsaturados (PUFAs) que compdéem membranas
plasmaticas e lipoproteinas, e nitragédo e nitrosilagao de proteinas (LINARES et al.,
2001; MOREIRA e MANCINI-FILHO, 2005).

O estresse oxidativo poderia ocorrer em varias situagdes patolégicas ou
ambientais que aumentem a producdo de ROS/RNS, e em consequéncia do
consumo inadequado de antioxidantes provenientes da dieta. Por outro lado, ndo
existem evidéncias de que o consumo de alimentos ricos em antioxidantes ao
longo da vida acarrete efeitos prejudiciais. Ao contrario, ha significativas
evidéncias epidemiolégicas de que estdo associados a um envelhecimento
saudavel e a longevidade funcional (ex. dieta mediterranea) (RICE-EVANS et al.,
1997).

A extragdo e a purificagdo de antioxidantes a partir de fontes naturais tém
se tornado essencial para a utilizacdo dessas substancias na preparacdo de
alimentos funcionais, e como aditivos para produtos farmacéuticos, cosméticos e
alimenticios, com o objetivo de substituir os antioxidantes sintéticos uma vez que
aumentam a vida util de muitos produtos em 15 a 200%. Tal efeito decorre de
suas propriedades, que retardam reagdes de oxidagdo em alimentos, e ha
perspectivas de que antioxidantes dietéticos possam ser usados futuramente no
tratamento de doengas cuja génese envolva processos oxidativos (LOPES et al.,
2000).

Vérios efeitos biolégicos benéficos tém sido atribuidos aos polifendis, visto
que sdo capazes, por exemplo, de inibir a peroxidacdo de lipideos, a exsudacao
de proteinas, a migracao de leucécitos, e de ativar sistemas de enzimas, incluindo
ciclooxigenases e lipoxigenases (PASSAMONTI et al., 2003). Sabe-se que a
peroxidagao lipidica esta intimamente relacionada com processos inflamatdrios. A
atividade antiinflamatoria/antioxidante de polifendis isolados como as antocianinas

(cianidina, pelargonidina) foi testada por Tsuda e colaboradores (2002).
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Os resultados sugerem que esses compostos podem exercer importante
papel na peroxidacdo de membranas celulares, induzidas por radicais de oxigénio,
ativos em sistemas vivos (AMOROS et al., 1992), e que, além disso, 0 consumo
de antocianos tem demonstrado acdo farmacolégica em modelos animais de
artrites e gotas. Estudos tém mostrado que a flavanona naringenina e sua forma
glicosilada naringina, quando associada a corantes alimenticios como as
antocianinas, esta relacionada com uma acentuada redugao da hiperlipidemia
induzida (LOPES et al., 2000).

Com isso, € de grande importancia o estudo dos efeitos nutricionais e
farmacolégicos de compostos naturais, como polifendis, visando propiciar
alternativas para a prevencao daquelas patologias, uma vez que varias pesquisas
tém demonstrado que tais compostos apresentam atividade antiinflamatoria
através da inibicdo das enzimas envolvidas na sintese de prostaglandinas e

leucotrienos, potentes mediadores da resposta inflamatéria (ANJO, 2004).

2.7 Frutas vermelhas na dieta

2.7.1. Estudos promissores de avaliagao cognitiva

Existem varios estudos epidemiolégicos que avaliaram o potencial das
frutas como alimentos funcionais; dentre estes, as uvas sdo consideradas uma
das maiores fontes de compostos fendlicos quando comparadas a outras frutas e
vegetais. Diversos efeitos benéficos a saude tém sido atribuidos a estas frutas em
funcdo de estudos epidemiolégicos que mostram correlagdo inversa entre o
consumo moderado de vinho e a incidéncia de doencas cardiovasculares. Estes
estudos tiveram inicio a partir de investigagdes relacionadas a dieta francesa, que
apesar de rica em gorduras de origem animal, parece associada a baixa incidéncia
de doencas cardiovasculares, fendmeno conhecido como "Paradoxo Francés"
(BENAVENTE-GARCIA et al., 1999).

Com relacdo ao Sistema Nervoso, numerosos estudos comportamentais
tém sido utilizados para examinar os efeitos de extratos obtidos a partir de plantas

medicinais e de frutas neste sistema. Uma pesquisa recente (SHUKITT-HALE et
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al., 2008), avaliou o efeito do suco de uva no comportamento e na fungao neuronal
de ratos adultos. Os ratos foram distribuidos aleatoriamente, em trés grupos de
estudo: o grupo controle bebeu somente agua; um grupo tratado consumiu 10%
de suco de uva, e um grupo tratado recebeu 50% de suco de uva; a dieta foi
equivalente para os trés grupos.

Apds seis semanas os ratos foram testados para avaliar as habilidades

motoras, e depois de oito semanas, varios testes cognitivos foram realizados. Em
termos de performance cognitiva, os pesquisadores observaram que o grupo de
10% de suco teve performance superior ao grupo de 50% de suco.
Estes achados sugerem que doses altas de suco de uva aumentam a performance
motora, enquanto que doses mais baixas sao suficientes para alterar a
performance cognitiva. Os pesquisadores sugerem que os efeitos do suco de uva
podem ser resultantes de uma mistura de polifendis. O suco da fruta, com um
grande numero de polifendis distintos, pode ser mais eficaz do que qualquer
componente isolado.

Os mesmos autores (JOSEPH et al.,, 1998), em um estudo previo,

demonstraram que a administragcao prolongada de extrato de strawberry, bem
como de espinafre, protegem os animais de forma significativa do estresse
oxidativo crénico induzido pela idade, e sugerem que essa redugédo do estresse
seria manifestada em melhoras cognitivas e comportamentais.
Através de experimentos subsequentes realizados pelos mesmos autores
(JOSEPH et al., 1999), foi demonstrado que a administragdo por 8 semanas de
mirtilo promove uma melhoria da atividade locomotora (equilibrio e coordenagao)
em ratos velhos. O mais interessante desta pesquisas € que nenhum dos outros
grupos tratados (strawberry, espinafre) apresentaram diferengas nesta tarefa com
relacdo ao grupo controle. Além dos efeitos antioxidantes, acredita-se que o
aumento de atividade locomotora pode estar relacionado, pelo menos em parte, a
uma modulagado direta o indireta sobre as rotas de sinalizagédo celular, decorrente
dos antocianos presentes no mirtilo.

Dentro deste contexto, os autores também reportaram que a

suplementagao com mirtilo (rico em antocianos) exerce efeitos sobre a atividade
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dos receptores muscarinicos-colinérgicos. Além disso, esta vinculada a canais
ibnicos ligante-dependente via ativagdo do adenosinamonofosfato ciclico (AMPc),
e das proteinocinases A (PKA) e C (PKC), proteinocinases ativadas por mitégenos
(MAPK), e a transcrigdo génica, bem como na sintese de novas proteinas,
responsaveis por alteragdes fenotipicas que contribuirdo para amplificacdo da
resposta a suplementacgéo ( JOSEPH et al., 2005; DUFFY et al., 2007).

Numerosos estudos in vitro/in vivo indicam que apds administragao oral,
antocianos sdo absorvidos e atravessam a barreira hematoencefalica apos
aproximadamente 23 horas de suplementagdo, e podem efetivamente exercer
efeitos sobre o sistema nervoso central (PASAMONTI et al., 2003; YOUDIM et al.,
2003, 2004).

Neste contexto, estudos por cromatografias liquida, acoplada a
espectrometria de massa (LC-MS/MS), revelam a presenga de antocianos em
diversas estruturas cerebrais (cortex, cerebelo e estriado) de animais tratados com
o extrato de mirtilo, o que sugere a existéncia de uma relagdo entre o numero de
diferentes antocianinas presentes nessas regides cerebrais (ndo suas quantidades
totais), com os resultados obtidos nas tarefas comportamentais estudadas
(ANDRES-LACUEVA et al., 2005).

2.7.2 Dieta deficiente em antioxidantes: Grupos vulneraveis
2.7.2.1 Idosos

Como previamente mencionado, o dano oxidativo de biomoléculas pode
levar a inativagcdo enzimatica, mutacdo, ruptura de membrana, aumento na
aterogenicidade de lipoproteinas plasmaticas de baixa densidade, e a morte
celular. Estes efeitos toxicos do oxigénio tém sido associados ao envelhecimento
e ao desenvolvimento de doencas crbnicas, inflamatérias e degenerativas
(JOSEPH et al., 2005; SHUKITT-HALE et al., 2008).

Ha perspectivas que reportam que antioxidantes dietéticos possam ser
usados futuramente no tratamento de doengas cuja génese envolva processos

oxidativos. Entretanto, publicagdes recentes sugerem que os antioxidantes sao
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eficazes na prevencdo de doengas crbnicas associadas ao estresse oxidativo,
quando administrados a grupos que apresentem concentragées plasmaticas
inadequadas destes micronutrientes (JOSEPH et al., 1998, 2003, 2005; SHUKITT-
HALE et al., 2008).

Os idosos constituem um grupo vulneravel a desnutricdo, devido por
exemplo, a perda funcional da capacidade do pancreas e intestino delgado, o que
compromete a digestdo e absorgdo de nutrientes. Associa-se ainda o declinio da
funcao renal, que acarreta uma maior excregdo de micronutrientes, somado a um
menor consumo alimentar devido ao decréscimo na sensibilidade dos sentidos,
como paladar e olfato. Paralelamente ao aumento da expectativa de vida, ha o
aumento de doencgas cronico-degenerativas nao transmissiveis que, entre outros
fatores, pode também resultar do decréscimo das defesas antioxidantes,
decorrente de uma dieta inadequada (SHUKITT-HALE et al., 2008).

Desta forma, o estudo das necessidades dietéticas reais dos idosos bem
como o desenvolvimento de alimentos funcionais no qual a bioatividade de um ou
mais componentes tenha sido modificada, por exemplo, para o aumento da
disponibilidade e absor¢cao de um determinado composto, sdo relevantes. Nessa
perspectiva, devem-se estabelecer as verdadeiras necessidades destes
individuos, verificar se o planejamento alimentar é capaz de suprir estas
necessidades e, caso ndo o seja, estabelecer doses seguras de suplementos
alimentares (HIGDON e FREI, 2003).

No entanto, estudos recentes de suplementacdo com extratos polifenélicos
ricos em antocianos, inclusive o mirtilo, revelam que o extrato reduz o declinio da
capacidade cognitiva e melhora a atividade locomotora em ratos velhos apés
administragao prolongada. Entre estes processos, o mais evidente é a capacidade
antioxidante destes compostos atribuida ao poder redutor do grupo hidroxila
aromatico, que reduz os radicais livres reativos e produz o radical fenoxila,
estabilizado por ressonancia (JOSEPH et al., 2003, 2005; SHUKITT-HALE et al.,
2006, 2008).

Os componentes celulares nao sao protegidos totalmente por antioxidantes

endogenos, e esta bem estabelecido que os antioxidantes obtidos da dieta sao
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indispensaveis para a defesa apropriada contra oxidacéo e, portanto, apresentam
importante papel na manutengcdo da saude. Levando-se em consideragdo que
muitos idosos sofrem comprometimento de sua capacidade cognitiva, esse

resultado pode conduzir a praticas de consideravel impacto na saude publica.

2.7.2.2 Doenca de Alzheimer (DA): Uma abordagem nutricional.

Entre os transtornos cognitivos mais graves esta a DA, e uma das hipoteses
plausiveis € que a DA seja causada pela disfungao do sistema colinérgico central,
0 que justifica o uso de drogas que inibem a degradacao da acetilcolina. O efeito
desses medicamentos € retardar, até certo ponto, o avango da doencga, e € com
base nessa hipdtese que se defende o emprego de alimentos funcionais ou
componentes alimentares fisiologicamente ativos, também designados bioativos.

Alguns trabalhos experimentais tém demonstrado que a administracéo de
flavondides como apigenina-7-glucosideo e quercetina em um modelo animal para
DA (utilizando esquiva passiva e a tarefa de labirinto em cruz elevado) reverte
deficiéncias cognitivas relacionadas com a idade, por meio da modulacdo de
certas moléculas como a interleucina 6, vinculada com a progressao de desordens
neurodegenerativas, inclusive DA (PATIL et al., 2003).

Um estudo adicional realizado por JOSEPH e colaboradores (2003),
utilizando um modelo animal para DA (camundongos transgénicos, utilizando a
tarefa de Y-maze) descreve os efeitos positivos da suplementagdao prolongada
com mirtilo neste modelo. Este estudo demonstrou que existem diferencas na
disposigao das placas amiléides no cérebro de animais tratados com o extrato em
relagdo ao grupo controle, e alteragcdes na expressao das proteinas kinase C e
ERK, ambas relacionadas com a modulagdo da memoria (JOSEPH et al., 2005;
McGUIRE et al., 2006). Os resultados com animais sdo promissores, mas as
evidéncias clinicas sobre a eficiéncia desse tipo de tratamento ainda sé&o

incipientes e requerem maior aprofundamento.
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3 MIRTILO (Vaccinium ashei Reade)

As frutas do género Vaccinium podem ser consideradas como os primeiros
alimentos funcionais. A populagdo emprega as plantas ha centenas de anos para
muitos propdsitos medicinais como o tratamento de transtornos urinarios,
prevencao do escorbuto, uso tépico em ferimentos, onde também se destacam as
atividades antibacteriana e diarréica (BEATTIE et al., 2005).

O mirtilo € membro da familia Ericaceae, subfamilia Vaccinoideae e género
Vaccinium (Eck, 1966); é nativo da América do Norte (Estados Unidos e Canada),
onde € conhecida popularmente como “blueberry”. Esta fruta foi domesticada
inteiramente no século XIX, desenvolveu um mercado mundial (GALLETTA, 1975)
apresentando-se a maior parte das vezes na forma de arbustos.

Galletta e Ballington (1996) classificam os mirtilo cultivados comercialmente
em cinco grupos principais: Highbush, Half high, Southern highbush, Rabbiteye,
Lowbush. O grupo chamado Vaccinium ashei Reade ou “rabbiteye” (olho de
coelho), é a espécie considerada pelos melhoristas como aquela que oferece as
maiores possibilidades de melhoramento porque é tolerante a uma variagdo maior
de pH do solo e a altas temperaturas, tem certa resisténcia a seca e baixa

necessidade de clima frio (figura 2).

Figura 2: Vaccinium ashei Reade. Fonte: EMBRAPA

Os membros de Vaccinium ashei Reade sdo conhecidos por conter uma

grande diversidade de compostos quimicos, muitos dos quais exibem significante
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atividade bioldgica. Investigagdes fitoquimicas (NAKAJIMA et al., 2004), revelaram
varios compostos polifendlicos incluindo 15 antocianos (figura 3) que
correspondem a: delfinidina, cianidina, petunidina, peonidina e malvidina
(galactosideo, glucosideo e arabinose). Do mesmo modo foram identificados
certos acidos fendlicos, como catequinas, proantocianidinas, glicosideos,
flavondides glicosilados e estilbenos (PRIOR et al., 1998; SELLAPPAN et al.,
2002).

X
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Figura 3. Cromatograma correspondente ao perfil de antocianos do extrato
de Vaccinium ashei Reade obtido por LC/PDA/ESI-MS. 2:delfinidina-3-
galactosideo; 3:delfinidina-3-glucosideo; 5:cianidina-3-galatosideo; 6:delfinidina-3-
arabinose; 8:cianidina-3-glucosideo; 9:petunidina-3-galactosideo; 11:cianidina-3-
arabinose; 12:petunidina-3-glucosideo; 14:peonidina-3-galactosideo;
15:petunidina-3-arabinose; 16:a)peonidina-3-glucosideo, b)malvidina-3-
galactosideo; 19:a)peonidina-3-arabinose, b)malvidina-3-glucosideo; 20:malvidina-

3-arabinose. Fonte: Nakajima et al., 2004.

Como anteriormente mencionado, estudos recentes mostraram que a

administracao oral do extrato de Vaccinium apresentou importante atividade
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neuroprotetora e antiinflamatoria, e estudos posteriores mostraram a afinidade do
extrato por receptores muscarinicos-colinérgicos (JOSEPH et al., 2005).
Sabe-se que a peroxidacao lipidica esta relacionada com processos inflamatorios.

A atividade antioxidante das antocianinas isoladas cianidina-3-glicosil-
cianidina e cianidina foram testadas por Tsuda e colaboradores (1994), que
utilizaram auto-oxidagao do acido linoléico, lipossomos, membranas de eritrocitos
de coelho e sistemas microssomais de figado de roedores (KOWALCZYK et al.,
2003).

Antocianos em geral, apresentam atividade antioxidante em todos os
sistemas estudados. Os dados sugerem que esses compostos podem exercer
importante papel na peroxidagdo de membranas celulares, induzidas por radicais
de oxigénio, que se encontram ativos em sistemas vivos (GUTTERIDGE, 1995).

Adicionalmente, foi observado que esses compostos inibem a atividade da
lipoxigenase, ciclooxigenase e apresentam atividade anticancerigena (WANG et
al., 1999, 2000; WANG e MAZZA, 2002).
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4 AMORA-PRETA (Rubus sp.)

A amora-preta (figura 4) pertence ao género Rubus (flia. Rosaceae),
contém aproximadamente 740 espécies, divididas segundo alguns autores em 12
subgéneros, ou segundo outros em 15 subgéneros (JENNINGS, 1995, DAUBENY
et al., 1996). O cultivo de amoras se tornou popular nos Estados Unidos apos
1840. O género Rubus apresenta formas de reprodugdo sexuada e assexuada, e
a hibridagdo entre as espécies torna a taxonomia do grupo bastante complicada
(ALICE, 2002).

XAVANTE

Miram Cw. ST aEgen

Figura 4. Frutos e aspecto das plantas da cultivar de amora-preta Xavante.
Fonte: EMBRAPA.

Trés grupos de amoras foram domesticados: O primeiro, das amoras
européias, o segundo, no leste da América do Norte e o terceiro grupo, no oeste
da América do Norte. No Brasil ocorrem cinco espécies nativas de amoras: R.
urticaefolius, R. erythroclados, R. brasiliensis, R. sellowii e R. imperialis (REITZ,
1996). Nenhuma das espécies brasileiras foi domesticada. As cultivares de
amoras utilizadas no pais sao o resultado de introdugdes, hibridagdes e selegdes
de cultivares americanas. No Brasil, o programa de melhoramento com amora
preta foi iniciado na década de 70 (RASEIRA et al., 1994), com a introdugao dos

cultivares: Brazos, Cherokee, arapho, Comanche, Tupy, Guarany, e Caingangue.
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Todas estas cultivares foram analisadas neste estudo. Alguns compostos
da Rubus ja foram identificados e isolados. No geral 5 antocianos foram
encontrados em Rubus: cianidina 3-glucosideo (principal antociano), cianidina 3-
rutinosideo, cianidina 3-glucosideo acilada com acido malénico, cianidina xylose, e
cianidina 3-dioxalil-glucosideo. A presenga de outros compostos como acido
elagico, quercetina, canferol, catequina, e epicatequina foram observados
(STINTZING et al., 2002; SIRIWOHARN et al., 2004).

Vérios efeitos biolégicos tém sido atribuidos a estes compostos, visto que
sao capazes, por exemplo, de inibir a peroxidacao de lipideos e a agregacao de
plaquetas, e de ativar sistemas enzimaticos, incluindo ciclooxigenases e
hipoxigenases, as quais se relacionam com a resposta inflamatoria. Esses efeitos
sao devidos fundamentalmente a sua capacidade de remover radicais livres e de
quelar cations divalentes. Com isso, faz-se relevante o estudo de compostos
naturais, como os polifendis, uma vez que varias pesquisas tém demonstrado que
tais compostos apresentam importantes efeitos fisiolégicos (SELLAPPAN et
al.,2002).
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5 CAPITULO |






INTRODUGAO

Os métodos cromatograficos sdo normalmente utilizados em laboratério de
analise para a determinacao qualitativa e quantitativa de farmacos, produtos
acabados, matérias-primas, fitoterapicos e amostras biolégicas em todas as fases
do desenvolvimento, desde a pesquisa até o controle de qualidade. Assim, a
validagao de método analitico é realizada para garantir que 0 mesmo seja exato,
especifico e reprodutivel.

A validagao de um método consiste, basicamente, em verificar as condigbes
necessarias e suficientes para a garantia da qualidade dos resultados obtidos
durante sua aplicagdo. A rigor, a avaliagao dos resultados e o estabelecimento dos
limites de confianga sdo condicionados pela complexidade do método, preciséo e
sensibilidade dos instrumentos, composicdo e homogeneidade amostrais, além de
outras exigéncias analiticas incidentes. De um modo geral, quanto menor o
numero de etapas que constituem o método e quanto mais homogéneo e uniforme
o material a ser analisado, menor sera o erro.

Uma das tendéncias atuais € ampliar as informag¢des em tabelas de
composi¢cao quimica dos alimentos no que se refere a micronutrientes e
compostos bioativos, particularmente sobre novas variedades de alimentos que
podem ser introduzidos na alimentagdo da populagdo, visando seguranga
alimentar (Tabela Brasileira de Composi¢cao Alimentar). Esse tipo de informacéo é
essencial para o campo de nutricdo, saude e seguranga alimentar como também
para a economia por causa das exportagoes. Entretanto, todo este processo para
a geragao de dados de qualidade necessita estar delineado por critérios basicos
que envolvem em linhas gerais, conceitos de abrangéncia, harmonizagédo e
especialmente, representividade.

Dessa forma, o presente trabalho teve por objetivo: desenvolver e validar
uma metodologia analitica para realizar a caracterizagdo quimica das frutas de
Vaccinium ashei Reade e Rubus sp. por cromatografia liquida de alta eficiéncia,

visando a identificagdo e quantificagao dos principais compostos bioativos.
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Para a validagdo do método foram utilizados parédmetros conforme normas
estabelecidas pela Conferéncia Internacional de Harmonizagdo (ICH, 2006),
Farmacopéia Americana (USP) (2005) e pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA) RE n° 899 (Brasil, 2003).
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5.1 Development and validation of a high-performance liquid chromatographic
method for quantitation of anthocyanidins in blackberry (Rubus sp.) and blueberry

(Vaccinium ashei).

A ser submetido a revista Quimica Nova

(em preparagao)

5.2 Development and validation of a high-performance liquid chromatographic

method for quantitation of flavonoids in berries
A ser submetido a revista Journal of Chromatography, B

(em preparagao)
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Abstract

A HPLC/DAD method for the analysis of anthocyanidins in berries has been
developped. Chromatography was performed with phase mobile containing a
mixture of water and acetonitrile (100%) containing 0.1% TFA with a flow rate of 8
mL/min. using a Symmetry C4s reverse-phase column (Waters). The acid hydrolisis
simplifies the anthocyanins profile in blueberry sample and converts fifteen
anthocyanins to five anthocyanidins: delphinidin, cyanidin, peonidin, petunidin and
malvidin. Each of these aglycones can be separated and quantified accurately with
external standard. The method is specific, precise, accurate, robust and, can be

used for the study of anthocyanidins from biological sources.
Keywords: HPLC; anthocyanidin; validation; DPPH

* amelia@farmacia.ufrgs.br
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INTRODUCTION

The beneficial effects of consuming fruits and vegetables for good health and
disease prevention are well-known, these foods are considered essential to maintaining a
healthy and balanced diet. Evidence from our lab indicates that fruit in particular blueberry'
and blackberry® extracts are able to ameliorate age-related declines in neuronal and
cognitive function, common in disorders neurodegeneratives. Many of their health-
promoting characteristics are partly linked to the presence of an array of important phenolic
phytochemicals.

Blackberry (Rubus sp.) and blueberry (Vaccinium ashei) are rich sources of dietary
phenolic compounds such as anthocyanins, flavonoids that may act as normal antioxidants’
in our diet. Public interest in the health benefits of anthocyanins for reducing chronic
diseases® has estimulated the nutritional supplement industry to develop functional foods or
sumpplements containing these ingredients. Analytical control of the content of these
products makes it possible to solve many problems including that of determining
adulterated products.

In fruits and plants, anthocyanidins occur as glycosylated forms, anthocyanins
(glycosylated polyhydroxy derivates of 2-phenylbenzopyrylium salts), and the complex
anthocyanidins glycoside pattern can be reduced to six major anthocyanidins’ by acid
hydrolisis, these common aglycon forms, are cyanidin, delphinidin, peonidin, petunidin,
malvidin, and pelargonidin. There are many papers on analysis of anthocyanins in fruit and
vegetables but, only a few papers reported® the quantification of anthocyanidins aglycones.
The biological activity of anthocyanins varies with their aglycones, for exemple,
cyanidin’had a higher oxygen radical absorbing capacity than that of pelargonidin or
malvidin. Adiditional studies have found that acylated anthocyanins inhibit a glucosidase
and reduce glucose uptake® in rats; glucosidase inhibition by berry extracts is related to
their anthocyanin content.

These finding suggests the necessity for development of simple and accurate methods for
quantification of individual anthocyanidins. In the present study, we developed an acid
hydrolisis HPLC method for quantification of individual anthocyanidins in Rubus sp. and

Vaccinium ashei, Reade (Ericaceae), commonly known as rabbiteye blueberries, extracts

40



from cultivars not previously analised, developed by the Brazilian Agricultural Research

Corporation.

EXPERIMENTAL

Preparation of lyophilized fruit extract and quantification

Representative sample of Rubus blackberries and Vaccinium ashei blueberry were
collected at random from the cultivars: Guarani and Delite respectively. Fruit were
produced by EMBRAPA DE CLIMA TEMPERADO, Pelotas, RS, Brazil, and kept at - 0.5
-0°C. Fresh berries from the cultivars described above were triturated mechanically and
later lyophilized and kept sheltered from light.
Acid hydrolysis of anthocyanins: The pigments were hydrolized for 1 h at 100 °C, in
water/methanol solution containing 2 N HCI. Samples were immediately cooled to room

temperature for HPLC analysis.

Chemicals and reagents
Anthocyanidins standard were purchase from Sigma (St. Louis, USA); acetonitrile
(HPLC grade) was obtained from Merck (Darmstadt, Germany) and trifluoroacetic acid

(analytical grade) was obtained from Nuclear (Diadema, Brazil).

Analytical methods

Identification and quantification of each compound was based on retention time and
UV/VIS spectra in HPLC-DAD (Waters 2695), by comparison with pure commercial
standards of known concentrations, using a Symmetry C;g reverse-phase column (Waters).
Gradient of mobile phase (A) water 0.1% TFA, (B) acetonitrile 0.1% TFA with a flow rate
of 0.8 mL/min. Linear gradient, initial percentage of B (15%) to 50 minutes (100%); 10 pL
injection. Absorption of anthocyanidins was registred at 520 nm. The mobile phase was
prepared daily, filtered through a 0.45 um membrane filter (Millipore) and sonicated before
use. The standard cyanidin chloride was accurately weighted and diluted in methanol

solution containing 2 N HCI (Img/mL). Standard solution (after dilution), was injected
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separately under directed HPLC conditions to generate curves for reference compound, and

R? values exceeding R*> 0.99 (peak areas vs concentration).

Validation of the analytical method

The HPLC method was validated according to well established’ protocol, in
agreement with International Conference on Harmonization guidelines. The method being
examined for specificity, linearity, accuracy, precision, LOD and LOQ. For specificity
validation, a volume of 10 pul of standard, sample or blank solution was injected into the

HPLC column and analyzed using an HPLC method as described above.

Linearity
The linearity between peak area and concentration was analyzed using three
calibration curves obtained in same day with standard solutions of cyanidin at 8 different
concentrations each, ranging from 0.0125 to 0.8 ug mL. The linearity was evaluated by

linear regression analysis, which was calculated by the least square regression method.

Accuracy
The accuracy of the method was accessed by analyzing samples of Rubus and
Vaccinium ashei that were spiked with known amounts of cyanidin standard solutions in
triplicate. Sample recovery rate for the cyanidin from sample solutions were calculated as

described by Cass e Degani’.

Precision

The precision was carried out by repeatability (within-day) and intermediate
precision (inter-day). The intra-day and inter-day precision values were obtained by
triplicate analyses for each day and also per day over a 3-day period, respectively; and the
repeatability of the assay method was evaluated by carrying out six independent assays of

sample and calculated the % R.S.D.
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Detection (LOD) and Quantification (LOQ) limits
Detection and quantification limits were estimated by the slope and mean standard
deviation of standard cyanidin concentrations employed to construct the calibration curve,

according to Egs. (3) and (4).

LOD= 3.3c
S
where LOD is the estimated detection limit (ug/mL); o, the standard deviation of y

intercepts of regression lines; S is the slope of the calibration curve.

LOQ= 10c
S
where LOQ is the estimated quantification limit (ug/mL); o, the standard deviation of y-
intercepts of regression lines; S is the slope of the calibration curve. LOQ is defined as the
lowest concentration of the analyte that can be determined with acceptable precision and

accuracy under the stated experimental conditions.

Robustness
Robustness 1s defined as the capability of an analytical procedure to remain
unaffected by small but deliberate changes in the method parameters. Sample solutions

were prepared and analyzed under the established conditions and by varying the flow rate.

RESULTS AND DISCUSSION

The mobile phase selection was based on peak parameters (symmetry, tailing), run
time, ease of preparation and cost. Figure 1 shows a typical chromatogram which was
obtained from the analysis of a standard and a sample solution of berries using the proposed
method. The retention time observed (15 min) allowed a rapid determination of the peak
which is important for routine analyses. The calibration curves for cyanidin were

constructed by plotting peak area vs. concentration, and showed good linearity. The
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representative linear equation was Y = 40000000x + 769058, with correlation coeficient (r
=0.9981) highly significant for the method.

The results of the LOD and LOQ analyses for the cyanidin was 0.026 and 0.079
png/mL, respectively, indicating that the analytical method for the quantification of the
compound exhibited good sensitivity. The method precision was determined by
repeatability (within-day) and intermediate precision (inter-day) and was expressed as
R.S.D (%) of a series of measurements. The results of such investigations are summarized
in table 1. The corresponding finding indicated that the analytical method for quantification
of the cyanidin revealed good precision.

Good related recovery rates for cyanidin were obtained: 90.03, 95.52, 101.15 +
0.70% for Rubus and 93.69, 100.01, 101.70 £ 0.62% for Vaccinium ashei. The obtained
values were very reproducible in all the three concentrations evaluated, indicating that the
analytical method for the quantification of the cyanidin exhibited quite good accuracy.

Robustness is defined as the capability of an analytical procedure to remain
unaffected by small but deliberate changes in the method parameters. The method was
found to be robust when the flow rate was varied. The peak area was determined for each
condition normal (2.277 mg%), flow 0.6 (2.278 mg%), flow 0.8 ( 2.326), and the method

showed to be robust .

Analysis of berries samples

Small fruit have been known to contain anthocyanin pigments abundantly and thus
have been used as a medicine or a source of health food/dietary supplement. Aglycones of
anthocyanins' are bound to sugar at the C3 and sometimes also at C5, C7 positions and
exist in the glycosylated form.

The HPLC analysis gives information of the anthocyanins profile and is very useful
for the control of products quality, identification of sample origins, and examination of raw
materials. The major challenge for HPLC quantitation of anthocyanins is often the
difficulty in obtaining the reference compounds. Cyanidin is usually used as a reference
compounds to calculate total anthocyanins, but the molar absorbance difference of
individual anthocyanidins at selective wavelength and the incomplete separation of

anthocyanins'® will influence the accuracy of quantitative results.
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However, the complex anthocyanidins glycoside can be reduced to six major
anthocyanidins (pelargonidin, delphinidin, cyanidin, petunidin, peonidin, and malvidin) by
acid hydrolise. Mass chromatograms'' of each aglycon indicated that rabbiteye blueberry
possessed 15 anthocyanins, consisted of delphinidin, cyanidin, petunidin, peonidin, and
malvidin attached with galactose, glucose, or arabinose at the C-3 position. The results of
this study show that, after 1-h acid hydrolysis fifteen anthocyanins contained in the
Vaccinium ashei extract became 5 peaks, corresponding to delphinidin, cyanidin, petunidin,
peonidin, and malvidin (Figure 1c).

Previous reports have been done on blackberry (Rubus sp.) anthocyanins, and their
identities have been well-characterized'? as being solely cyanidin-based compounds. In
particular, five anthocyanins are detected and cyanidin-3-glucoside was the major one
(figure 1d).

This HPLC method has been validated and revealed a good specificity for the analysis
of the anthocyanidins contained in berries, as demonstrated by the results shown in Figure
1., these results are in agreement with previous findings'*"2.

The amount of cyanidin was calculated using the cyanidin chloride standard curve
after complete hydrolisis of glycoside in the berries sample. In this way, we have found that
the total amount of anthocyandins in Rubus (cultivar Guarani) was 4.3837 mg% and in
Vaccinium (cultivar Delite) was 9.3642 mg%; cyanidin was the most predominant
anthocyanidin followed by delphinidim, malvidin, petunidin and peonidin (Table 2).

The separation process for the five anthocyanins from Vaccinium ashei was
performed in 30 min. Simultaneous quantification of all these compounds in a single
operation is more convenient than using several separate procedures, especially for routine
analysis or for a large number of samples. One of the greatest advantages is the
simplification of the overall analytical process, for example, by reducing the frequency of
changing the separation system, the number of sample injections and mobile phase

preparations, and also reducing the number of times the calibration curves have to be made.

CONCLUSIONS
Identities of major anthocyanidins were confirmed in both berries cutivars, not

previously evaluated. Acid hydrolisis greatly simplifies the anthocyanidin separation and
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the five anthocyanidin aglycones could be completely separated. It is a simple method
because no complex pre-treatment of the sample is necessary before analysis, only a simple
filtration step is necessary to prevent pre-column obstruction. Such a technique seems to be
convenient, which is very applicable for the simultaneous accurate quantification of
anthocyanidins found in various fruits and vegetables, especially for routine analysis or for

a large number of samples.
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Table 1. Validation of precision of analytic method for Cyanidin from blueberries and

blackberries.
Precision Cyanidin concentration (mg%)
Rubus Vaccinium
Intra-day precision (n=3) £ RSD% 4.3799 + 0.33 2.8741 £ 1.51
Inter-day precision (n=6) £ RSD% 4.8786 = 0.73 2.8642 +1.35
Repetibility (n=6) + RSD% 4.2918 £ 0.57 2.9432 +1.58
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Table 2. Concentration (mg % + RSD) of anthocyanidins in blueberries and blackberries

samples.

Anthocyanidin concentration (mg%)

Rubus sp. Vaccinium ashei
Cyanidin (n=3) £ RSD% 43837 +1.57 2.9057 £1.50
Delphinidin (n=3) + RSD% ND 2.4182+0.35
Petunidin (n=3) + RSD% ND 1.3630 = 1.41
Peonidin (n=3) = RSD% ND 1.1342 +£ 2.61
Malvidin (n=3) £ RSD% ND 1.9430 £ 4.12
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Auto-Scaled Chromatogram
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Fig. 1. A: Specificity validation for the HPLC analytical methods for cyanidin
chloride (15.4 minutes), B: Typical HPLC chromatograms of blueberry sample showing
delphinidin (11 min), cyanidin (co-injected with the standard), petunidin (16,5 min),
peonidin (22 min) and malvidin (23.5 min). C: HPLC chromatograms of Rubus sp.
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Maria Rosana Ramirez®, Ana Lucia Aboy”, Daniela Marti Barrosb, Maria do Carmo Bassols

. S . . *
Raseira®, Amélia Teresinha Henriques®

* Faculdade de Farmacia, Universidade Federal do Rio Grande do Sul (UFRGS), Av.
Ipiranga, 2752, CEP 90.610-000, Porto Alegre (RS).

’ Departamento de Ciéncias Fisiologicas, Fundagio Universidade Federal do Rio Grande
(FURG), (96201-900), Rio Grande, RS,

“EMBRAPA/ CLIMA TEMPERADO, Pelotas, RS, Brazil.

Abstract

HPLC method for the analysis of flavonoids in blackberries and blueberries extract
has been developed. This analytical procedure gives information of the flavonoids profile
and is useful for the control of product quality, identification of botanical raw materials,
monitoring the consistency of the raw material source and quantification the flavonoids.
Main identified compounds were rutin, quercitrin, hyperoside and isoquercetrin.

The method was specific, linear, precise, robust and could be applicable to other
botanical extract. The response was linear; the range of recoveries was 94.5 - 111.9%. The
RSD for intra- and inter-day precision were < 0.55 and < 6.73%, respectively. Fifteen
cultivars of berry were analyzed and the content of rutin ranged from 1.77 - 4.08, ug g of

fruit liophilized.
Keywords: HPLC; berries; flavonoids; validation
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Introduction

Recent and renewed interest in plants and fruit extracts has led to an increased
require for efficient methodologies for the assurance of standardization, reproducibility,
efficacy, safety and quality of those varieties of raw materials. The actual importance on the
use of compounds derived from natural sources occurs due to the presumable safe
utilization, ecological preservation, and reduced ambient impact [1].

Fruits like blackberry (Rubus sp.) and blueberry (Vaccinium sp) are rich sources of
flavonoids that may act as normal antioxidants in our diet, and pharmaceutical, cosmetic
and food industries present interest on their utilization, to develop functional foods or
herbal sumpplements containing these ingredients [2,3]. When the active compounds are
not known, it has been hypothesized that is possible to standardize the extracts in reference
of the major of the chemical constituents as the analyte [4].

There are many papers on analysis of flavonoids in fruits and vegetables, however
only a few papers reported the quantitation of flavonoids glycosylated, without hydrolisys
step. It is of great relevance to study thoroughly the actions of the glycosylated compounds
as they are the native forms occurring in plant as well as in fruit extracts. The role of
glycosides in diets has become even more significant as it was found that in the human and
rodents gastrointestinal tract flavonoids, may be absorbed into the circulation, and that they
are able to cross the rat blood-brain barrier after (blueberry, blackberry) supplementation,
suggesting that these compounds can have a direct effect on brain processes [5,6].

These results suggest the necessity for development of simple and accurate methods
for quantification of flavonoids glycosylated. The aim of this study was to propose, develop
and validate a HPLC method for individual flavonoids (expressed in rutin) quantification
from blackberry and blueberry cultivars. Analytical method validation was carried out by
establishing parameters, like: linearity, specificity, precision, accuracy, detection and

quantification limits [7].
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Materials and Methods

Preparation of lyophilized fruit extract and quantification

Representative sample of Rubus blackberries (subgenus Rubus Watson) and
Vaccinium ashei blueberry were collected at random differents cultivars. Plants were
produced by EMBRAPA DE CLIMA TEMPERADO, Pelotas, RS, Brazil, and kept at - 0.5
-0°C. Pesticide analysis was previously carried out and no sign of these substances was
found, assuring no interference of pesticides on our results. Fresh berries were triturated

mechanically and later lyophilized and kept sheltered from light.

Chemicals and reagents

Rutin standard were purchase from Sigma (St. Louis, USA); acetonitrile (HPLC
grade) was obtained from Merck (Darmstadt, Germany) and trifluoroacetic acid (analytical
grade) was obtained from Nuclear (Diadema, Brazil). All other chemicals were analytical

grade.

Analytical methods

Identification and quantification of each compound was based on retention time and
UV spectra in HPLC-DAD (Waters 2695), by comparison with pure commercial standards
of known concentrations, using a X Terra column (Waters). Gradient of mobile phase (A)
water 0.1% TFA, (B) acetonitrile 0.1 % TFA with a flow rate of 0.8 mL/min, column
temperature, 26 °C. Ultraviolet visible absorption spectra of flavonoids were detected at
356 nm. Rutin, selected as the standard, was dissolved in methanol solution (Img/ml),
standard solution (after dilution), was injected separately under directed HPLC conditions
to generate curves for reference compound, and R2 values exceeding R*> 0.99 (peak areas

vs concentration).

Validation of the analytical method
The HPLC method was validated according to well established protocol, in
agreement with International Conference on Harmonization guidelines (ICH 2006) [8,9].

The method was examined for specificity, linearity, accuracy, precision, LOD and LOQ
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[9]. For specificity validation, a volume of 10 pl of standard, sample or blank solution was

injected into the HPLC column and analyzed using an HPLC method as described above.

Linearity
The linearity between peak area and concentration was analyzed using three
calibration curves obtained in same day with standard solutions of rutin at 8 different

concentrations each, ranging from 1.57 to 2.70 pg/mL.

Accuracy
The accuracy of the method was accessed by analyzing samples of Rubus and
Vaccinium that were spiked with known amounts of rutin standard solutions. Sample
recovery rate for the rutin from sample solutions were calculated according by Cass and

Degani, 2001 [10,11].

Precision

The precision was performed in three different levels: repetibility, intra-day
precision and inter-day precision. The intra-day and inter-day precision values were
obtained by triplicate analyses for each day and also per day over a 3-day period,
respectively; and the repeatability of the assay method was evaluated by carrying out six

independent assays of sample and calculated the % R.S.D.

Detection (LOD) and Quantification (LOQ) limits
Detection and quantification limits were estimated by the slope and mean standard
deviation of standard rutin concentrations employed to construct the calibration curve,

according to Egs. (3) and (4) [8,9]:

LOD= 3.3¢
S
where LOD is the estimated detection limit (ug/mL); o, the standard deviation of y

intercepts of regression lines; S is the slope of the calibration curve.
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LOQ= 10c
S
where LOQ is the estimated quantification limit (ug/mL); o, the standard deviation of y-

intercepts of regression lines; S is the slope of the calibration curve.

Robustness
Robustness is defined as the capability of an analytical procedure to remain
unaffected by small but deliberate changes in the method parameters. Six sample solutions
were prepared and analyzed under the established conditions and by varying the following

analytical parameters: pH of the mobile phase and flow rate.
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Results and Discussion

The method was fully validated showing satisfactory data for all the method
validation parameters tested. As demonstrated by the results shown in Fig. la, a good
separation effect for these compounds from Rubus was obtained with our methodology.

The linear equation and the determination coefficient (r*) were respectively:
Y = 237999x + 144333, 0.9923. The result shows that an excellent correlation existed
between the peak area and concentration of the analyte.

The results of the LOD and LOQ analyses for the rutin ranged from 0.396 to 1.200
pg/ml, respectively, indicating that the analytical method for the quantification of the
compound exhibited high sensitivity.

Good related recovery rates for rutin were obtained: 95.93, 94.56, 111.95+0.90% for
Rubus and 86.09, 92.01, 94.02 + 0.82% for Vaccinium ashei. The values obtained are very
reproducible in all three concentrations evaluated, indicating that the analytical method for
the quantification of the rutin exhibited quite good accuracy. Relative small amount of
R.S.D. (%), not exceeding the limit of 5 % confirmed the precision, reproductibility and
repetibility of the method for rutin present in the extract.

The results of precision validation are summarized in table 1, the corresponding
finding indicated that the analytical method for quantification of the rutin revealed good
precision. To determine the robustness of the developed method, experimental conditions
were deliberately altered and the resolution was recorded. The flow rate of the mobile
phase was 0.8 ml/min. To study the effect of flow rate on the resolution, flow was changed
by 0.2 units from 0.8 to 0.6 or 1.0 ml/min respectively. The peak area was determined for
each condition and the method showed to be robust.

The peak area was determined for each condition normal (1.717 mg%), flow rate 0.6 (1.861

mg%), flow rate 1.0 ( 1.592), and the method showed to be robust .

Analysis of berries samples
The extract of blackberry (Rubus sp.) and blueberry (Vaccinium ashei) was
standardized in individual flavonoids content, expressed in rutin. The qualitative

composition of berry flavonoids was similar for all cultivars yet quantitatively very
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different and 3 flavonoids were identified in all types of cultivars analyzed: quercitrin,
hyperoside, isoquercetrin and plenty of rutin was found in blackberry extract (Table 2).

It should be noted that cultivars used in this research were collected from one
location with the same enviromental factors, still, substantial variations were found.
Otherwise, these findings showed the potential for obtaining new cultivars with convenient

flavonoids contents through classical plant breeding.

Conclusions

The separation process for the individual flavonoids from berry was performed
within 15 min, besides, this analytical procedure presents application advantages comparing
to other methods, such as: simplicity, rapidity, sensitivity, operational convenience, low
cost of equipment and reagents.

Simultaneous quantification of all these compounds in a single operation is more
convenient than using several separate procedures, especially for routine analysis or for a
large number of samples. One of the greatest advantages is the simplification of the overall
analytical process, for example, by reducing the frequency of changing the separation
system, the number of sample injections and mobile phase preparations, and also reducing
the number of times the calibration curves have to be made.

Such a technique results convenient, which is applicable for the simultaneous
accurate quantification of numerous compounds found in blackberries and blueberries,
especially for a large number of samples. The method was fully validated showing
satisfactory data for all the method validation parameters tested, and could be applicable to

other extracts.
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Table 1. Precision of analytic method for rutin from Caingangue blackberry.

Precision Rutin concentration (mg%)
Rubus

Intra-day precision (n=3) + RSD% 1.6299 + 0.55

Inter-day precision (n=6) £ RSD% 1.5781 £4.73

Repeatability (n=6) + RSD% 1.9128 £0.636
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Table 2. Individual flavonoids in blueberries and blackberries (values are averages of
triplicate analyses).

Cultivar Rutin Hyperoside+Isoquercitrin ~ Quercitrin
(mg% fruit lyophilized + RSD%)

Rubus sp.

Caingangue 1.7477+0.52 6.0231+2.14 1.0023+0.56
Tupy 2.55334+2.44 6.7345+1.95 1.8755+6.68
Brazos 3.3433+4.54 5.7890+2.16 2.8733+2.16

Xavante 3.8244+0.29 8.6070+6.64 4.9366+6.64
Choctaw 3.9435+0.87 8.9582+1.33 3.9327+1.33
Guarani 1.7716+6.07 6.9832+4.82 1.5133+£2.56
Arapho 3.6233+4.58 7.8571+2.83 2.7825+2.83
Cherokee 3.8765+3.14 8.2873+4.58 3.9972+4.58
Comanche 4.0824+0.86 9.8366+0.26 4.8295+2.47
Vaccinium ashei
Alice Blue ND 5.9654+0.20 8.8690+1.93
Bluegen ND 1.6015+0.15 3.2966+1.11
Florida ND 1.1110+0.14 3.9756+7.09
Delite ND 1.0233+0.32 2.6529+4.90
Woodar ND 8.4675+2.62 9.5687+0.12
Climax ND 1.0011£2.81 2.1287+0.32

ND: not detected
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Fig. 1. Typical HPLC chromatograms of A. Rubus sample showing rutin (9 min)
Hyperoside+Isoquercitrin (10,4 min), Quercitrin (13 min). B. Vaccinium ashei C: Shows

in detail UV spectra of rutin peak.
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6 CAPITULOIII






INTRODUGAO

Durante as ultimas décadas a preocupacdo do consumidor em relacao a
qualidade dos alimentos cresceu consideravelmente, juntamente com a procura
por alimentos funcionais ou componentes alimentares ativos fisiologicamente,
também designados bioativos. Em sua maioria, os compostos bioativos estao
distribuidos entre as frutas, legumes, verduras, cereais, peixes, dentre outros. Eles
sao aproveitados no proprio consumo dos alimentos in natura ou isolados e
inseridos em outro produto passando entdo a ser enriquecido com nutrientes
(NACZK e SHAHIDI, 2004).

Paralelamente, a extracao e a purificagao de antioxidantes a partir de fontes
naturais tém se tornado essencial para a utilizacdo dessas substancias como
aditivos para produtos farmacéuticos e cosméticos, devido as suas propriedades,
de retardar reagdes de oxidagdo em alimentos, inibir a danificagdo do DNA, e
proteger o organismo humano de varias doencgas degenerativas (HASLAM, 1996).

Os antioxidantes podem ser divididos em duas classes: com atividade
enzimatica e sem essa atividade. Na primeira estdo os compostos capazes de
bloquear a iniciagao da oxidacao, ou seja, as enzimas que removem as especies
reativas ao oxigénio. Na segunda estdo as moléculas que interagem com as
espécies radicalares e sdo consumidas durante a reagao. Esta classificacéo inclui
antioxidantes naturais como os compostos fendlicos (MOREIRA e MANCINI-
FILHO, 2004).

A oxidagao € um fendmeno ligado aos lipideos insaturados, constituintes da
estrutura das membranas biolégicas e fundamentais para a funcionalidade das
mesmas. Danos nesta camada lipidica tendem a alterar as propriedades fisicas da
membrana plasmatica, fenbmeno observado durante o processo de
envelhecimento (incremento da rigidez) (CANTUTI-CASTELVETRI et al., 2000).

A peroxidagcdo pode ser inibida por antioxidantes que interrompem a
cadeia, reagindo com os radicais formando hidroxiperéxidos, radicais livres
formados a partir de um antioxidante. Estes antioxidantes interagem com o

oxigénio singlete e fornecem atomos de hidrogénio para o radical peroxila dos
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acidos graxos, impedindo a reacdo em cadeia que se propaga nas membranas
lipidicas. Portanto, é evidente que a oxidacao lipidica pode causar importantes
danos bioldgicos, que podem ter relagdo com o tipo de dieta ndo suprida de uma
concentragcdo adequada de antioxidantes, ja que esses sdo agentes que
neutralizam os radicais livres (SOARES, 2002; VALKO et al., 2004; BARREIROS
et al., 2006).

Os antioxidantes sao também classificados em primarios, sinergistas,
removedores de oxigénio singlete, agentes quelantes e antioxidantes mistos. Os
antioxidantes primarios sdo os compostos fendlicos que promovem a remog¢ao ou
inativagdo dos radicais livres formados durante a iniciacdo ou propagacao da
reacao através da doagdo de atomos de hidrogénio a estas moléculas,
interrompendo a reagdo em cadeia (MOREIRA e MANCINI-FILHO, 2004).

Considerando-se a grande variedade de compostos bioativos do mirtilo, e
na procura por alimentos mais saudaveis de uma maneira geral, o presente
trabalho teve como objetivos: quantificar os compostos fendlicos, incluindo
antocianinas e outros flavondides em 9 cultivares de Vaccinium ashei Reade
(mirtilo) cultivadas em Pelotas, através do método da Farmacopeia Europeia e
Portuguesa respectivamente. Avaliar sua capacidade antioxidante frente ao DPPH
pelo método de Blois (1953), bem como avaliar a atividade neuroprotetora através
do ensaio cometa (SINGH et al., 1988; TICE et al., 2000) em ratos velhos, apés

administragao crénica do extrato.
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6.1 Radical Scavenging Activity And Neuroprotective Effects Of Vaccinium ashei
Berries Intake In Old Rats.
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Abstract

Different cultivars of Vaccinium ashei Reade were analyzed for flavonoids,
anthocyanins, total polyphenols, and antioxidant capacity (2,2-diphenyl-1-
picrylhydrazyl, DPPH). Consequently, the aim of this study was to establish
whether total extract could act as putative antioxidant micronutrients. Old rats were
treated with extract through oral (3.6 mg/kg day of the anthocyanins) for 6 months
before assay. We found that, the antioxidant capacity of different cultivars studied
ranged from a low of 49% to 80% Trolox equivalents/mg of anthocyanins.
Consumption of the extract significantly reduced DNA damage in cortex tissue in
vitro. Dietary consumption of poliphenols rich foods may contribute to overall

antioxidant status, particularly in reducing oxidative stress associated with aging.

Keywords: Vaccinium, DPPH, polyphenols, DNA damage.

72



Introduction

Blueberries (Ericaceae) is one of the most popular and highly consumed
fruit in the world, and it is used not only as foodstuff but also for the treatment of
eyestrain. Rabbiteye blueberry (Vaccinium ashei Reade), contain great amounts of
phenolics, such as flavonols and anthocyanins that may act as natural antioxidants
in our diet [1]. Poliphenols, including some anthocyanins, possess oral
bioavailability in rats and that they are able to cross the rat blood-brain barrier after
berry supplementation, suggesting that these compounds can feasibly have a
direct effect on brain processes [2].

In addition studies found that, dietary blueberry extracts can reverse certain
age-induced declines in brain function such as those in learning, and motor
performance [3, 4] thus, Vaccinium fruit and the poliphenols contained by them are
thought to be possible functional foods for reducing risks of numerous diseases.

The present work focused on further characterization of berries grown in
Brazil as possible sources of phenolics for functional foods application. We
analyzed different varieties of blueberries Vaccinium ashei Reade (Rabbiteye), for
total anthocyanins, total polyphenols, and antioxidant capacity as well as on DNA

damage in the hippocampus and cerebral cortex in old rats.
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Experimental

Representative samples of Vaccinium ashei Reade, (Ericaceae) berries
were collected at random from the following cultivars: Woodard, Delite, Climax,
Bluegen, Bluebelle, Aliceblue and Florida (all originally American). Two selection
(77 and 110) from these cultivars. Plants were produced by EMBRAPA DE CLIMA
TEMPERADO, Pelotas, RS, Brazil, and kept at - 0.5 -0°C. Pesticide analysis was
previously carried out and no sign of these substances was found, assuring no
interference of pesticides on our results. A mixture of fresh berries were triturated
mechanically and later lyophilized and kept sheltered from light.

Compositional analyses

Total Anthocyanins Assay: was determined according to the procedure
described in the European Pharmacopoeia (2002) [5], the absorbance was
measured at 520 nm.

Estimation of Total Polyphenols. Total polyphenols were estimated
colorimetrically using the Folin-Ciocalteau method [6]. The absorbance was
measured at 760 nm with a Shimadzu UV-Visible spectrophotometer

Total flavonoids: were estimated by the method of Brazilian Pharmacopoeia
(2003) [6]. Poliphenols and flavonoids fraction was then collected, and freeze-dried
to powder. Compounds were analyzed for phenolic acids (including anthocyanins)
and flavonoids. The identification of these compounds was done by the analyses of
the ultraviolet light spectrum obtained in HPLC-DAD and by chromatography with
standard solutions, retention time and UV spectra (data not shown). The UV-VIS
(visible) spectra were recorded from 230 to 600 nm, with detection at 520 nm for

anthocyanins.

Preparation of extract
Lyophilized berries were homogenized in 96% ethanol, mechanically
agitated for 30 min and centrifuged at 3000 rpm for 15 min. The supernatants were

filtered through filter paper and concentrated by rotary evaporation at 30°C. After
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relyophilization, extracts were stored until the time of administration to the animals,
when they were redissolved in distilled water. The daily quantity of extract offered
to the animals was calculated to provide 2.6 - 3.2 mg/kg/day oral of anthocyanins.
The volume of juice provided was 30 ml/rat/day in all cases. The extract was kept
sheltered from light. Food was available ad libitum. Juice intake and weight were

recorded daily [7].

Measurement of 2,2-diphenyl-1-picrylhydrazyl radical scavenging

activity.

In addition, the radical scavenging activity of the compounds was evaluated
by using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical test. The method
performed as described by Nakajima, et al., (2004) [8]. Each berry extract was
dissolved and diluted in ethanol at concentrations of 2.0, 1.5, 1.0, 0.5, and 0.25
mg/mL. The DPPH (100 uM), radical scavenging activity obtained by each berry
extract was compared with that of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid, 97 %, Aldrich Chem. Co), an analog of vitamin E and the result is

expressed as the percentage of radicals scavenged after 30 min of reaction time.

Subjects

The subjects were 10 adult male Wistar rats (aged 18 months), obtained
from our own breeding colony. Animals were randomly assigned to each treatment
group, drank water ad libitum and group which drank water supplemented with
lyophilized Vaccinium berries extract for 6 months (n= 5 animals/group). The study
was approved by the Animal Care and Use Committee of our center (Universidade
Federal de Rio Grande Do Sul, Porto Alegre, Brazil), and all efforts were made to
reduce the number of animals used and their suffering. At the end of this period,
animals in the control group and in group 2 were sacrificed. Hippocampi and
cerebral cortices were dissected and used to test DNA damage through an alkaline

single cell electrophoresis (comet) assay.
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Alkaline single cell electrophoresis (comet) assay
DNA damage was evaluated through the alkaline single cell electrophoresis
(comet) assay, performed as described by Singh,et al., (1988) [9] and Tice et al.,
(2000) [10], with some modifications. Hippocampi and cerebral cortices were
homogenated in 500 ul of cold (4 °C) phosphate-buffered saline solution (PBS).
For each sample, an aliquot (30 ul) was diluted in PBS to a final volume of 100 pl
and another aliquot (30 pl) was diluted in PBS plus H,O, (1 mM) to a final volume
of 100 ul. The in vitro assay with 1mM H,O, was performed on ice for 5 min [11].
Finally, 10 ul of these cellular suspensions were diluted in 80 ul of low melting point
agarose (0.65%) and added to fully frozen slides, which had been covered with a
layer of 0.65% normal melting point agarose. Following layer solidification, cells in
slides were lysed (2.5 M NaOH, 0.1 M EDTA, 0.01 M Tris, 1% sodium sarcocinate,
1% Triton X-100, and 10% dimethyl sulfoxide, pH 10,) overnight at 4 °C.
Subsequently, samples were placed in the electrophoresis solution (300 mM NaOH
and 1 mM EDTA, pH 13) for 30 min to allow DNA unwinding. Electrophoresis was
then performed during 35 min at 25 V and 280 mA. Finally, slides were neutralized
with 0.4 M Tris buffer (pH 7.5), stained with 50 ul of ethidium bromide (20 ug/ml)
and analyzed using a Zeiss-Axioplan epifluorescence microscope (400x
magnification). In 100 randomly selected cells in duplicated slides, DNA damage
was classified as undamaged (class 0) or as presenting short migration of DNA
(class 1), medium migration (class 2), long migration (class 3), and complete
migration (no nucleus remaining, class 4). The final score was calculated by adding
the scores for each cell in the slide, resulting in a final score of 0 for no DNA

damage and 400 for maximum damage.

Statistical analysis

Determination of total phenolics, total flavonoids and total anthocyanins of
each cultivar was carried out in triplicate experiments; data are expressed as mean
and standard errors. DPPH was estimated in triplicate experiments. For alkaline

single cell electrophoresis (comet) assay, data are expressed as mean and
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standard errors and analyzed with one-way ANOVA. Independent t-tests
measurement was madden between groups (control vs treated). In all

comparisons, p < 0.05 was considered to indicate statistical significance.

Results

Anthocyanin, flavonoids and total phenolic content are shown in table 1. The
qualitative composition of berry polyphenolics was similar for all cultivars yet
quantitatively very different, while chlorogenic acid, was the main phenolic acid in
the extracts [12]. Three flavonoids were identified in all types of cultivars analyzed:
quercitrin, hyperoside and isoquercetrin. Moreover, the total flavonoids
concentrations were considerably lower than those reported by Sellapan et al.
(2002) [13]. Anthocyanins found in V.ashei consisted of delphinidin, cyanidin,
petunidin, peonidin, and malvidin attached with galactose, glucose, or arabinose at
the C-3 position, and the total proportions of individual anthocyanins varied among
cultivars (data not shown).

The wide range of phytochemicals and DPPH values found in the Vaccinium
ashei analized, indicates that the genetic variability is present to potentially develop
cultivars with enhanced health benefits (Figure 1). We also examined the
antioxidant capacity of polyphenols and flavonoids fraction as it is presented in
figure 2. Notably, both fractions showed strong levels of radical scavenging activity
(58% and 47% respectively) to total berry extract (75%). These results are in
agreement with previous studies [14], showing that the compounds responsible for
the antioxidant capacity most likely can be accounted for by the phenolic acids,
anthocyanins, and other flavonoid compounds

The antioxidant rich phytochemicals in berries have been shown in mice
models to reduce or retard the central nervous system deficits seen in aging [2,3].
In our study, H,O, induced DNA strand breaks were reduced in old rats treated
with the berry extracts (figure 3b). The animals started treatment at the age of 18
months to 24, this can partly explain why extract do not protect against basal DNA

damage. This limited protection could be associated with alterations in membrane
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fluidity (aging process), and consequently with intracellular distribution of
poliphenols including anthocyanins (in plasma membrane or in proximity of the
DNA) [2]. Similar results has shown previously by the reduction of DNA damage in
elderly people [16], and animals supplemented with fruit extracts [17] including
berries containing ellagic acid and quercetin. Possible mechanisms for these
genoprotective effects include protection of DNA from alkilation or formation of
anthocyanin-DNA complexes, which stabilize the molecule against oxidative attack
[18]. While the oxidative DNA damage can play a considerable role in aging,
inflammatory, atherosclerosis, coronary heart disease, and other pathologies [2],
the decrease of the oxidative stress seems to be the good strategy possible to
achieve by attractive nutritional supplements formulations containing blueberry

polyphenols.

Acknowlegements: Work supported by, FAPERGS (Grants N° 04/0023.1
and N° 04/0498.9), and LAG is PD fellow CNPq, Brazil. We are thankful to Dr.
Paulo Abreu for the use of the epifluorescence microscope and Dr. José Maria

Monserrat to theoretical and practical helps.

78



References

[1] Rimando AM, Kalt W, Magee JB, Dewey J, Ballington JR. J. Agric Food Chem
2004;52: 4713.

[2] Andrés-Lacueva C, Shukitt-Hale B, Galli RL, Jauregui O, Lamuela-Raventos
RM, Joseph JA. Nutrit. Neurosci 2005;8:111.

[3] Bickford PC, Gould T, Briederick L, et al. Brain Res 2000; 866:211.

[4] Ramirez MR, Izquierdo |A, Bassols-Raseira MC, Zuanazzi JA, Barros D,
Henriques AT. Pharm Res 2005;52, 457:462.

[5] European Pharmacopeia Portuguesa 7 ed., Lisboa, 2002. CD-ROOM.

[6] Brazilian Pharmacopoeia. 5 fasciculo 2003.

[7] Barros DM, Amaral, OB, lzquierdo |, Geracitano L, Bassols Raseira MC,
Henriques AT, Ramirez MR. Behav Brain Res 2006;84:229.

[8] Nakajima J, Tanaka |, Seo S, Yamazaki M, Saito KJ. Biomed Biotechnol
2004;5:241.

[9] Singh NP, McCoy M, Tice RR, Schneider E. Exp. Cell Res 1998;175:184.

[10] Tice RR, Agurell E, Anderson D, Burlinson B, Hartmann A, Kobayashi,
H, Miyamae Y, Rojas E, Ryu JC, Sasaki YF. Environ Mol Mutagen 2000; 35:206.

[11] Psimadas D, Messini-Nikolaki N, Zafiropoulou M, Fortos A, Tsilimigaki S,
Piperakis SM. Cancer Lett 2000;204:33.

79



[12] Taruscio TG, Barney DL, Exon J. J Agric Food Chem 2004; 52:3169.

[13] Sellappan S, Akoh CC, Krewer G. J Agric Food Chem 2002;50:2432.

[14] Kalt W, McDonald JE, Ricker RD, Lu X. Can J Plant Sci 1999;79:617.

[15] Musonda CA, Chipman JK. Carcinogenesis 1998;19:1583.

[16]. Sarma AD, Sharma R. Phytochemistry 1999;52:1313.

[17] Halliwell B, Gutteridge JM. Methods Enzymol 1990;186:85.

80



Table 1. Individual Anthocyanins, Flavonoids and Polyphenols in Blueberries
(values are averages of triplicate analyses).

Rabbiteye blueberries

(Vaccinium ashei Reade)
Cultivars Anthocyanins Flavonoids Polyphenols

(mg/100g)

Bluegen 881+ 1.00 95+0.34 1423 £ 3.66
Climax 887 + 0.66 86 + 0.67 1541 +10.7
Woodard 1000 + 0.67 180 + 1.00 1533 + 7.66
Delite 885 + 0.66 88 + 0.33 1352 + 5.00
Blue belle 1221+ 6.66 115 + 0.66 1724 £ 10.7
Florida 229 +1.33 52 +1.00 1000 + 7.66
Alice Blue 565 + 1.67 89 + 0.66 1200 £ 6.33
Selegdo 77 1277 £ 6.66 45 +0.33 1700 £ 11.3
Selegéao 110 941 +1.33 87 +1.33 1100 £ 9.00

Table 1. Total anthocyanins were expressed as cyanidin-3-glucoside
equivalents expressed per 100 gram of fruit liophilized. Polyphenols and
Flavonoids concentration based upon pirogalol or quercetin respectively as

standard expressed per 100 gram of fruit liophilized.
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Figure 1. Radical scavenging activities of berry extracts. Extract was
dissolved in ethanol at concentrations of 2.0, 1.5, 1.0, 0.5, and 0.25 mg/mL of
anthocyanins. The blueberry extracts were incubated with DPPH for 30 minutes,
and the absorbance at 517 nm due to DPPH radical was determined. Trolox was

used as a control.
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Figure 2. Radical scavenging activities of berry fractions. The blueberry
fractions were incubated with DPPH for 30 minutes, and the absorbance at 517 nm

due to DPPH radical was determined. Trolox was used as a control.
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7 CAPITULO NI






INTRODUGAO

O conceito classico, definido pela Associacido Internacional para o Estudo
da Dor, € que a dor seria uma experiéncia sensorial e emocional desagradavel,
associada a uma leséo tecidual real ou potencial, ou descrita em termos de tal
lesdo (DICKENSON 1995, 1997; MELZAC e LOESER, 1999; RAINVILLE, 2002;
ALMEIDA et al., 2004). O mesmo grupo considera, atualmente, que a dor é
sempre subjetiva. Cada individuo aprende a aplicacdo da palavra através de
experiéncias relacionadas a lesées sofridas durante o crescimento (MERSKEY,
1991).

A dor é uma experiéncia complexa que néo envolve apenas a transducao
do estimulo nociceptivo ambiental, mas também cognitivo e emocional processado
pelo sistema nervoso central (SNC) (JULIUS e BASBAUM, 2001; MELZACK e
LOESER, 1999; RAINVILLE, 2002; ALMEIDA et al., 2004). Ela é comumente
desencadeada pela ativacdo de nociceptores especificos (dor nociceptiva). No
entanto, ela pode ser resultante de lesdo nas fibras sensoriais, ou devido a danos
no SNC (dor neuropatica) (MILLAN, 1999; ALMEIDA et al., 2004).

A nocicepgao refere-se a manifestagdes neurofisioldgicas, geradas por
estimulos nocivos. Por outro lado, a dor envolve a percepcao de um estimulo
aversivo e requer a capacidade de abstracido e elaboragdo do impulso sensorial
(MELZACK e LOESER, 1999; ALMEIDA et al., 2004).

Com relagao ao tempo de duragao, a dor pode ser classificada como aguda
ou cronica. E considerada aguda a dor que surge repentinamente, que tem
duragéo limitada e que desaparece com a resolu¢ao do processo patoldgico. A dor
cronica persiste por um extenso periodo de tempo, sendo associada a processos
patologicos crénicos e alteracéo na transmissao neuronal (ALMEIDA et al., 2004).
Usualmente, o processo inflamatério esta relacionado aos mecanismos que
envolvem a nocicepgao (LEVINE e REICHLING, 1999).

A inflamacéo € uma resposta desencadeada por lesdes teciduais, traumas e por
agentes infecciosos, com a finalidade de eliminar microorganismos ou outros
agentes nocivos e potenciar o reparo tecidual (SHERWOOD e TOLIVER-KINSKY,
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2004). Neste contexto, a inflamagédo também pode ser classificada como
aguda e cronica de acordo com o tempo de duragdo e caracteristicas patologicas
(FANTONE e WARD, 1990; ROCHA e SILVA, 1978; SHERWOOD e TOLIVER-
KINSKY, 2004). A inflamagédo aguda apresenta curta duragdo (horas a meses).
Durante este processo, mediadores como o oxido nitrico (NO) e as
prostaglandinas (PGI2; PGD2; PGE2; PGF2a) promovem vasodilatagdo, um dos
sinais caracteristicos do processo inflamatério agudo, representado pelo calor e
rubor da reacgéo inflamatoria (SHERWOOD e TOLIVER-KINSKY, 2004).

Outro sinal é a formacdo do edema, que ocorre devido ao fluxo
transvascular de plasma dos compartimentos intravasculares para o intersticio
devido ao aumento de permeabilidade vascular de capilares e vénulas, como
resultado da liberagdo de histamina, bradicinina, quimiocinas (IL-8), leucotrienos,
fatores do complemento (C3a e Cb5a), substidncia P e fator de agregacao
plaquetaria (PAF) no sitio inflamatério e ainda produtos bacterianos como
peptideos N- formilados, que promovem a quimiotaxia de leucdcitos e de outras
células fagociticas para o sitio da reagao inflamatéria (SHERWOOD e TOLIVER-
KINSKY, 2004; ADEREM e SMITH, 2004).

O processo de inflamagao aguda pode finalizar com a resolugcao de todos
os eventos caracteristicos da reacao inflamatdria e retorno do tecido lesionado a
normalidade ou sua substituicdo por tecido conjuntivo (GILROY et al., 2004;
ADEREM e SMITH, 2004). A progressao da resposta tecidual para inflamacéao
cronica caracteriza-se por infiltragdo de células mononucleares (macrofagos,
linfécitos e plasmécitos). A inflamagdo cronica apresenta duragdo prolongada,
onde ocorre de forma simultdnea o processo inflamatério ativo, tentativas de
reparo tecidual, com consequente destruicdo do tecido, e formacao de fibrose.
Entre as doengas cronicas inflamatdrias incluem-se desordens como, por
exemplo, aterosclerose e lupus eritematoso sistémico entre outros (GILROY et al.,
2004; SHERWOOD e TOLIVER-KINSKY, 2004; SOMMER e KRESS, 2004).

O processo inflamatdrio resulta da liberagdo de diversos mediadores,
alguns deles podendo sensibilizar os nociceptores locais das fibras aferentes

periféricas C e Ad. Contribuindo em parte para o desenvolvimento da dor de
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origem inflamatoria, bem como aumento e/ou expressdo de determinadas
moléculas como receptores, neurotransmissores, canais idnicos e enzimas
(COUTAUKX et al., 2005). Os nociceptores correspondem as terminagdes nervosas
livres e representam a parte distal dos neurdnios aferentes de primeira ordem (AJ,
C) (JULIUS e BASBAUM, 2001; ALMEIDA et al., 2004).

As fibras aferentes primarias Ad, sao fibras levemente mielinizadas, de
médio didmetro que medeiam a dor aguda e passageira que aparece
imediatamente apds a lesao tecidual (primeira dor). As fibras C, ndo mielinizadas
de pequeno didmetro, medeiam a “segunda” dor, uma dor latente e difusa, que se
prolonga por mais tempo (JULIUS e BASBAUM, 2001; CRAIG, 2003). Estas fibras
sdo conhecidas como nociceptores polimodais C (PMN), devido a que respondem
a estimulos nocivos térmicos, mecanicos e quimicos. Ambas sao classificadas em
subtipos Ad1, Ad2, C1 e C2. (HUNT e MANTYH, 2001; IKEDA et al., 2001;
ALMEIDA et al., 2004; COUTAUX et al., 2005).

Entretanto, os neurdnios sensoriais, de grande didmetro, localizados na raiz
do ganglio dorsal, ddo origem as fibras mielinizadas, de rapida condugao,
denominadas fibras primarias aferentes AB. Estas fibras detectam estimulos
indcuos aplicados sobre a pele e musculos, normalmente ndo contribuindo para
conducédo da dor (MILLAN, 1999). Neste contexto, os neurbnios aferentes
primarios podem ser ativados por uma série de mediadores, liberados no tecido
lesado.

Estes mediadores promovem a despolarizagcdo das fibras aferentes
primarias Ad e C que irdo conduzir o impulso doloroso, para o corno dorsal da
medula espinhal, particularmente até suas laminas mais superficiais (laminas | e Il)
e para as laminas profundas (V e VI); como também para a Iamina circuncanular
(lamina X). Por outro lado, as fibras AB, transmitem a informacdo de estimulos
mecanicos inécuos para a lamina profunda (IlIIV) (HUNT e MANTYH, 2001;
MILLAN, 1999; CRAIG, 2003).

Os feixes ascendentes que se formam devido a interacdo de neurbnios de
primeira ordem com neurbnios de segunda ordem no corno dorsal da medula

espinhal dao origem a diferentes vias ascendentes que didaticamente podem ser
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classificadas em dois grupos: monossinapticas e polissinapticas (MILLAN, 1999;
ALMEIDA et al., 2004).

As vias monossinapticas projetam-se a estruturas cerebrais superiores e
incluem os feixes: espinotalamico, espinoreticular, espinomencefalico,
espinoparabraquio-amigdaldide, espinoparabraquio-hipotaldmico, espinohipotala-
mico e neoespinotaldmico. O sistema polissinaptico apresenta uma estacao de
retransmissdo a neurbnios de segunda ordem que conduzem a informagéo
nociceptiva aos centros cerebrais, e consistem nos feixes paleoespinotalamico,
espinocervical e coluna dorsal polissinaptica (MILLAN, 1999; ALMEIDA et al.,
2004).

No talamo, neurdnios de terceira ordem projetam seus axdnios ao cortex
somatosensorial até o giro pos-central, onde a somatizagdo do estimulo nocivo
ocorre, ou emitem axénios ao giro anterior do cingulado, vinculado a interpretacao
emocional da dor (RUSSO e BROSE, 1998). As vias descendentes originam-se
no tronco cerebral, hipotalamo, talamo, cortex, substancia cinzenta periaquedutal
(PAG), nucleo magno da rafe (NRM) e estruturas adjacentes da medula
rostroventromedial (RVM), que exercem um relevante papel na integragdo e
modulagdo das mensagens nociceptivas no corno dorsal (VANEGAS e
SCHAIBLE, 2001).

Observando os mecanismos envolvidos na transmissdo do processo
doloroso descrito acima, pode-se afirmar que a dor ndo € uma sensagao uniforme,
0 inicio das respostas de protecao sao determinados por numerosos fatores
dentro da medula espinhal e estruturas cerebrais, que participam na integracao e
modificagdo da resposta nociceptiva (DICKENSON, 1997).

Contudo, é importante destacar que tanto na dor clinica quanto na dor
induzida em modelos experimentais, ndo ha um mediador ou uma via (ascendente
ou descendente) preponderante que contribua para a conducao e perpetuacao do
estimulo nociceptivo. Dependendo do local, tipo, duracdo do estimulo e
componentes emocionais, ocorre a ativacdo de diversos canais sensoriais, que
irdo convergir e interagir com estruturas supraespinais, promovendo a sensagao
geral de dor (MILLAN, 1999).
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Justificativa: A procura por constituintes bioativos de plantas superiores
apresenta como possibilidade a descoberta de compostos que atuam em
processos inflamatdrios acompanhados de dor. O uso de extratos padronizados e
de acao comprovada proporcionaria a descoberta de novos compostos de
interesse terapéutico ou de protétipos que possibilitariam a sintese de moléculas
com potencial interesse pelas industrias farmacéuticas como por exemplo, a
salicina, isolada da casca do salgueiro, servindo posteriormente como precursora
na sintese do acido salicilico, entre outras.

Nesse sentido, o presente estudo se justifica tendo em vista que estudos
prévios sugerem que extratos ricos em antocianos apresentam atividade
antinociceptiva, justificando a utilizagdo popular de frutas vermelhas para o
tratamento de certas doengas como a gota e artrites. Contudo estudos adicionais
sdo necessarios para confirmar a importante atividade antinociceptiva de
Vaccinium ashei bem como para analisar os possiveis mecanismos de acao
responsaveis pelo seu efeito antinociceptivo.

Face ao exposto o presente trabalho teve como objetivo testar o extrato de
mirtilo, nos modelos de nocicepg¢ao quimica (formalina sub-plantar e contorgdes

abdominais) e térmica (placa quente e tail-flick).
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7.1 Phytochemical Study of the Fruits of Vaccinium Ashei and The Evaluation of

the Antinociceptive Activity of the Extract.
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Abstract

The present paper describes the phytochemical investigation and biological
activities of the extracts of Vaccinium Ashei. The extract (doses 3.2; 6.4 mg/kg) were
screened for its anti-nociceptive property using both chemical (acetic acid and
formaldehyde tests) and thermal methods (hot-plate and tail-flick tests) of nociception in
mice. The highest total phenolic content corresponded to the most potent degree of
inhibition and the flavonoids were supposed to be the main species responsible for the
activity. These findings suggest that the extract of V. ashei contain bioactive constituents

with antinociceptive activities, by central and peripheral mechanism(s).

Key words: Vaccinium ashei, flavonoids, antinociceptive.
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INTRODUCTION

Epidemiological studies have revealed the important role that foodstuffs of plant
origin have to play in the prevention of many illnesses. The natural antioxidants present in
such foodstuffs, among which the poliphenols are widely present, may be responsible for
such an activity. Berries are a important dietary source of pholiphenols, in particular
anthocyanins and flavonols '~

Anthocyanins, a flavonoid subclass, are predominantly associated with red berries
but have also been found in vegetables, roots, and legumes. Owing to scientific research
they have become not only food products but also therapeutic agents. Anthocyanin dyes
affect the course of inflammatory process, as they are inhibitors of cyclooxygenase. They
inhibit degranulation of mast cells and decrease the level of IL-2, INF-y and TNF-a a
mediator of inflammatory and nerve injury pain’. Cyanidin, the aglycone form of
anthocyanins, exhibited similar inhibitory activity to non-steroidal anti-inflammatory
agents, naproxen and ibuprofen®.

Other flavonols found in berries, such as quercitrin, hyperoside and rutin, have been
shown to inhibit cyclooxygenase and lipoxygenase activities; both enzymes are involved in
the release of arachidonic acid, the initiator of a general inflammatory response. Similarly,
hydroxycinnamic acids from blueberry protect endothelial cells against TNFa induced
inflammatory responses, and microscopic examinations demonstrated a positive effect of
proanthocyanins in patients with pancreatitis, they slowed down pathologic changes of the
organ and alleviated clinical symptoms (abdominal pain, nausea, vomiting)’.

As for other polyphenols, data obtained from in vivo experiments show that
Chlorogenic acid presents anti-edematogenic and antinociceptive activities in animal
models. Such activities may be attributed of the inhibitory action in the peripheral
synthesis/release of inflammatory mediators involved in these responses, such as TNFa and
NO”.

In this article, we describe a study in which the antinociceptive action of Vaccinium
ashei extract was assayed in different experimental models of nociception in mice. This

animal model offers a distinct advantage because it affords the opportunity to test new

96



substances under controlled conditions and eliminate the influence of comorbidities, drug
therapy, and unwanted environmental variables, which can complicate data interpretation °.

Additional experiments were conducted to determine the phenolic profile of
Vaccinium ashei (rabbiteye blueberry), by high performance liquid chromatography
(HPLC) coupled with photodiode array detection. Preliminary findings have been

previously presented in abstract form ’.
EXPERIMENTAL

Animals

Male Swiss albino mice (25-30 g), from the Animal House of Fundagao
Universidade Federal do Rio Grande (FURG), were used in the present investigation. The
animals were housed in temperature controlled rooms (20-22°C), under a 12-h light/dark
cycle (light on at 0700 h) and 55% =+ 1% relative humidity. Standard rodent diet and tap
water were provided ad libitum. The experiments were performed according to the Guide
for the Care and Use of Laboratory Animals by the Colégio Brasileiro de Experimentacao
Animal (1991), Sao Paulo, Brazil. In all experiments, there were 10 mice per group. The

animals were placed in transparent glass observation chambers during the tests.

Preparation of lyophilized fruit extract and anthocyanin quantification

Representative samples of Vaccinium ashei Reade berries were collected at random
from the following cultivars: Woodard, Delite, Climax, Briteblue, Bluegen, Bluebelle,
Aliceblue and Florida (all originally American). Plants were produced by EMBRAPA DE
CLIMA TEMPERADO, Pelotas, RS, Brazil, and kept at 0.5 - 0°C. Pesticide analysis was
previously carried out and no sign of these substances was found, assuring no interference
of pesticides on our results.

A mixture of fresh berries from the cultivars and selections described above were
triturated mechanically and later lyophilized and kept sheltered from light. Anthocyanins
were isolated following the procedure described in the European Pharmacopoeia®.

For the experiments, lyophilized berries were homogenized in 96% ethanol, agitated

for 30 min and centrifuged at 3000 rpm for 15 min. The supernatants were filtered through
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filter paper and concentrated by rotary evaporation at 30°C. After relyophilization, extracts
were stored until the time of administration to the animals, when they were redissolved in
distilled water. These ethanol extracts contained 999 mg of anthocyanins per 100 gram, and
this value was used for dosage calculation. The daily quantity of extract offered to the
animals was calculated to provide 3.2 or 6.4 mg/kg/day of anthocyanins. During the whole
procedure, including at the time of administration, the extract was kept sheltered from

light®.

Analytical methods

Identification and quantification of each compound was based on retention time and
UV spectra in HPLC-DAD (Waters 2690), by comparison with pure commercial standards
of known concentrations, using a Symmetry C;g reverse-phase column (Waters). Gradient
of mobile phase (A) water 0.1% TFA, (B) acetonitrile 0.1% TFA with a flow rate of 0.7
mL/min, column temperature, 26° C. Linear gradient, initial percentage of B (15%) to 50
minutes (100%); 10 pL injection. The spectra were recorded from 230 to 600 nm. Standar

solution, was injected separately under directed HPLC conditions.

Experimental design

Animals were acclimatized to the laboratory environment and to the investigator
who handled them, and they were divided into the groups of 10 animals with similar mean
body weights. Mice were divided into a control group and a groups treated with Vaccinium
berries extract. The extract was administered orally by gavagem at doses of, 3.2 and 6.4
mg/kg/day of anthocyanins for 21 days (chronic model), and 60 min (acute model) prior
test in all cases. During the experimental period, behavioral procedures (Writhing test, Hot

plate test, Formalin-induced, Tail-flick assay), were performed as described below.

Drugs

Morphine (Dinomorf®) was obtained at the university hospital. Diclofenac
(Cataflan®) was obtained from commercial sources in the city of Rio Grande, RS.
Formaldehyde and acetic acid were purchased from Delaware® (Porto Alegre, RS, Brazil).

The drugs were dispersed or dissolved in distilled water for administration.
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Antinociceptive tests

Formalin-induced pain in mice

For the formalin test, diclofenac 5 mg/Kg and 20 pl of 2.5% formaldehyde was
injected into the left hind paw of the mice 30 min after they had received their respective
treatments’. We recorded the amount that each animal spent licking the paw during two 5
min intervals: the first beginning immediately after injection (first phase) and the second 20

min after injection (second phase).

Writhing test
For the writhing test, mice received a 0.6% acetic acid injection (0.1 ml/kg, i.p.) 30
min after receiving their respective treatments. We recorded the number of contractions that

occurred over 25 min starting 5 min after the acetic acid injection'” .

Hot plate test

The hot-plate test was used to measure response latency according to the method
described previously by Eddy and Leimbach'', with minor modifications. In the current
experiments, mice were placed individually on a hot plate (Insight®, Brazil) maintained at
54°C £ 1°C before receiving their pre-treatments. We recorded the time that elapsed until
the animal jumped or licked one of its hind paws (latency time in seconds); this time was
considered to be the reaction time. Mice showing a pretreatment reaction time greater than
12 s were not used in the subsequent test. A cutoff time of 30 s was imposed to avoid tissue
damage. Reaction times were again measured in mice in the five groups 30, 60, 90, 120,

and 150 min after pre-treatment.

Tail-flick assay
The antinociceptive effect of the aqueous extract of V. ashei berry was also
evaluated based on the measurement of the latency time of the avoidance response elicited
when pain was induced by applying radiant heat to the animal’s tail'>. Time to mouse tail
flick was measured using a Letica tail-flick unit (Barcelona, Spain). Latency time was

recorded before and 30, 60, 90, 120, and 150 min after pre-treatment with V.ashei extract,
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distilled water, or morphine. A maximum latency time of 30 s was imposed to avoid tissue

damage.

Statistical analysis
The results are expressed as mean + SEM. Comparison between groups was made by
ANOVA followed by the Dunnett tests. Differences with p < .05 between experimental

groups were considered statistically significant.

RESULTS AND DISCUSSION

Phytochemical study

Chlorogenic acid, was the main phenolic acid in the extracts. The qualitative
composition of berry flavonoids was similar for all cultivars and 3 flavonoids were
identified in all types of cultivars analyzed: quercitrin, hyperoside, isoquercetrin.
Anthocyanidins found consisted of delphinidin, cyanidin, petunidin, peonidin, and malvidin

attached with galactose, glucose, or arabinose at the C-3 position.

Antinociceptive activity
Analgesic curative options have found to be moderately effective, and their use is
usually associated with severe side-effects that impede their constant use'. The interest in
finding complementary and new alternatives to treat persistent and chronic pain has
increased considerably in the last time'”, dietary constituents, such a poliphenols seem to
represent good choices for this purpose.

The antinociceptive effect of the V. ashei extract was elicited regardless of which
noxious stimulus was used: chemical agents (acetic acid and formaldehyde tests) or heat
(hot-plate and tail-flick tests). Acetic acid acts indirectly by inducing the release of
endogenous mediators that stimulate the nociceptive neurons that are sensitive to
nonsteroidal antiinflammatory drugs and opioids. The model is not specific as it does not
indicate whether the activity was central and/or peripheral'®. V. ashei extract was effective

in suppressing the acetic ac. induced abdominal constriction, the magnitude of action of
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extract was similar for both doses (table 3 and 4). The analgesic effect of the V. ashei may
therefore be due either to its action on visceral receptors sensitive to acetic acid, to the
inhibition of the production of algogenic substances or the inhibition at the central level of
the transmission of painful messages.

The formalin model is an important tool in assessing the analgesic properties of
drug candidates. The injection of formalin in the rodents paw induces a biphasic response,
the first phase initiates immediately after injection, being characterized by C-fiber
activation due to peripheral stimuli®. The second phase is persistent period caused by local
tissue inflammation and by functional changes in the dorsal horn of the spinal cord. Both
phases are sensitive to centrally acting drugs such as opioids'®, but the second phase is also
sensitive to nonsteroidal anti-inflammatory drugs and corticosteroids. Suppression of
second phase of the formalin test lends strong evidence to the presence of peripherally
mediated effects’. Table 1-2 shows that Vaccinium ashei extract, in a dose and time-
dependent fashion, inhibits the number of flinches during the second but not the first phase
of the formalin test, and this effect its comparable to sodium diclofenac-treatment.

Anthocyanin are inhibitors of cyclooxygenase and apart from antioxidative activity,
they inhibit degranulation of mast cells and decrease the level of TNF-a. Reports from
other laboratories’ have demonstrated that TNF-a, among other inflammatory mediators,
contributes to formalin-induced orofacial nociception, and is the first cytokine detected in
inflammatory sites. Since, increased TNF-a levels are present as early as 25 min after
inflammatory stimulus. In accordance, another report showed that TNF-a is a mediator of
inflammatory and nerve injury pain. In view of that, it is possible that Vaccinium ashei
extract inhibits the flinching behavior of the second phase of formalin test by inhibiting the
synthesis of TNF-a. Results similar to ours have been reported for other phenolic
compounds found in V. ashei, including quercetin, and some chlorogenic acid".

Tail flick and hot plate tests are based on a phasic stimulus of high intensity, the
hot-plate test is commonly used to assess narcotic analgesics or other centrally acting drugs
however, are insensitive to nonsteroidal analgesics like cyclooxygenase inhibitors'®. The
ability of the extract of Vaccinium ashei to prolong the reaction latency to pain thermally-

induced in mice by the hot plate further suggests central analgesic activity.
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Thus, the tail-flick model is more sensitive for assessing the effectiveness of
centrally acting analgesics'’. Data regarding antinociceptive effects suggest that V. ashei
extract at a dose of 6.4 mg/kg has a central analgesic effect, as evidenced by the prolonged
delay in response when animal were subjected to a nociceptive stimulus in this model (table
7-8). These findings also suggest that V. ashei berries can have effects in opioid receptors.

The coexistence of analgesic and anti-inflammatory activities is defined for several
non-steroidal anti-inflammatory drugs, particularly salicylates and their congeners’, the
therapeutic effects derive from their ability to inhibit prostaglandin G/H synthase’.
Prostaglandins are known to cause pain and non-steroidal anti-inflammatory drugs are
effective when inflammation has caused sensitization of pain receptors to normally painless
mechanical or chemical stimuli',

It is of interest therefore, that the V. ashei behaved similar to the non-steroidal anti-
inflammatory drugs in this work. Analgesic and anti-inflammatory effects have been
observed in poliphenols'®. Blueberry extract and certain flavonoids, possess potent
inhibitory activity against a wide array of enzymes such as protein kinase C, protein
tyrosine kinases, mitogen-activated protein kinase signaling, phospholipase A2,
phosphodiesterases and others which have been widely shown to be important in painful
process'’. Alterations in these signaling pathways, should be studied as possible
mechanisms for the effects we have found.

Conclusion: Vaccinium ashei extract contains various bioactive constituents such as
anthocyanins, quercitrin, hyperoside, isoquercitrin, and chlorogenic acid. Those compounds
of extract show anti-inflammatory effects and enhance the antioxidative capacity, since the
nociceptive abilities of V. Ashei may be a collaboration of multicomponents in the extract.
Additional experiments are necessary in order to confirm these hypotheses and to clarify

the true target for the anti-inflammatory and analgesic effects of Vaccinium ashei extract.
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Table 1. Effect of single treatment of Vaccinium ashei extract on the formalin-induced pain

test in mice.

Treatment 1st phase % inhibition 2nd phase % inhibition
(mg/Kg) (0 — 5 min) (20 — 25 min)
Control 494+ 7.8 482+13.9
Morphine (10) 12.4 £ 5.3* 75.5 2.9+ 2.4% 93.9
Diclofenac (5) 29.1+£6.6 40.1 19.7 + 10.6* 58.9
Extract (3,2) 38.6+3.0 20.4 30.6 £ 10.6 36.2
Extract (6,4) 37.5+7.6 23.4 13.2 + 3.5% 72.5

Effect of single treatment with both dose of extract in the formalin test. Data are
expressed as mean + S.E.M. The extract was administered orally by gavagem (3.2 and 6.4
mg/kg, of anthocyanins) and formalin (20 pl 2.5%) was administered subplantarly.

Inhibition is reported as percent compared to the control. * Difference from control

(ANOVA/ Dunnet, P <0.05), n =10 per group.
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Table 2. Effect of prolonged treatment of Vaccinium ashei extract on the formalin-induced

pain test in mice.

Treatment 1st phase % inhibition 2nd phase % inhibition
(mg/Kg) (0 — S min) (20 — 25 min)
Control 356+7.3 B 182+9.2 _
Morphine (10) 1.9+1.1% 94.6 0.0+ 0.0* 100
Diclofenac (5) 293+7.5 17.4 8.0£5.1% 56.2
Extract (3,2) 8.8+44 47.2 2.6+ 1.8% 85.7
Extract (6,4) 263+7.1 26.1 2.1+£1.1% 88.5

Effect of chronic treatment with both dose of extract in the formalin test. Data are
expressed as mean =+ S.E.M.. The Vaccinium extract was administered orally by gavagem
(3.2 and 6.4 mg/kg, of anthocyanins) and formalin (20 pl 2.5%) was administered
subplantarly. Inhibition is reported as percent compared to the control. * Difference from

control (ANOVA/ Dunnet, P <0.05), n = 10 per group.
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Table 3. Effect of single treatment of Vaccinium ashei extract on the abdominal

constrictions induced in mice by acetic acid.

Treatment (mg/kg) Number of constrictions % inhibition
Control 72.10+4.27 -

Morphine (10) 0.30+0.30%* 99.59

Extract (3.2) 52.10 + 3.05* 27.74

Extract (6.4) 38.70 £4.07* 46.33

Effect of single treatment with both dose of extract on the abdominal constrictions
induced in mice by acetic acid. Data are expressed as mean + S.E.M. for the number of
constrictions indicated in the table. The extract was administered orally by gavagem (3.2
and 6.4 mg/kg, of anthocyanins) and acetic acid (0.6%) was administered intraperitoneally.
Inhibition is reported as percent compared to the control. * Difference from control

(ANOVA/ Dunnet, P <0.05), n =10 per group.
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Table 4. Effect of prolonged treatment of Vaccinium ashei

constrictions induced in mice by acetic acid.

extract on the abdominal

Treatment (mg/kg) Number of constrictions % inhibition
Control 81.2+49 -

Morphine (10) 1.7+£0.7* 97.9

Extract (3.2) 58.8 + 4.5% 27,5

Extract (6.4) 57.9+£2.7% 27,5

Effect of chronic treatment with both dose of extract on the abdominal constrictions

induced in mice by acetic acid. Data are expressed as mean + S.E.M. for the number of

constrictions indicated in the table. The extract was administered orally by gavagem (3.2

and 6.4 mg/kg, of anthocyanins) and acetic acid (0.6%) was administered intraperitoneally.

Inhibition is reported as percent compared to the control. * Difference from control

(ANOVA/ Dunnet, P <0.05), n =10 per group.
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Table 5. Antinociceptive effect of single treatment of Vaccinium ashei extract on heat-

induced pain in mice (hot-plate).

Treatment Latency (min)
(mg/kg) 0 30 60 920 120 150
Control 58+£04 7.1+1.3 6.7£0.9 6.7+0.7 54+£04 9.1+ 1.9
Morphine (10) 4.4=0.7 27.1+1.7* 29.4+0.6* 299+0.1* 30.0+0. 0% 30.0+ 0.0*
Diclofenac (5) 42+04 4.6 £0.61 154+24* 182+3.6% 17.3+3.5* 21.3+£3.3*
Extract (3.2) 45+04 55+04 10.6 £2.2 150+ 1.5*% 13.7+1.8* 22.9+2.3*
Extract (6.4) 48+04 15.0+1.6* 164+22*  21.1+£22*% 23.1+2.0% 254 +1.8*

Mice were placed on the hot-plate at 0, 30, 60, 90, 120, and 150 min after treatment.

Latency values are expressed as means £ SEM. The percentage of hot-plate latency

increase from 0 min is in parentheses. n = 10 for all groups. *p < .05 versus control.
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Table 6. Antinociceptive effect of prolonged treatment of Vaccinium ashei extract on heat-

induced pain in mice (hot-plate).

Treatment Latency (min)

(mg/kg) 0 30 60 90 120 150
Control 74+1.8 9.0+£2.5 79+1.8 10.6 £2.6 9.4+£2.7 8.7+2.2
Morphine (10) 6.1+1.0 287+ 1.3* 30.0£0.0* 30.0+0.0 30.0+0.0* 30.0 £0.0*
Diclofenac (5) 9.5+2.6 12.6£3.0 16.9 £2.9% 20.6 £3.1* 209+ 2.6* 20.40 £ 2.5%
Extract (3.2) 13.0+£3.0 26.2 +£2.5% 264 +2.1* 26.5+2.3%* 30.0£0.0* 27.67 + 1.8*
Extract (6.4) 7.1+£14 19.0 £ 3.3* 23.7+2.4* 24.0 £2.4* 26.6 = 1.86* 26.9 +£1.6*

Mice were placed on the hot-plate at 0, 30, 60, 90, 120, and 150 min after treatment.

Latency values are expressed as means £ SEM. n = 10 for all groups. *p < .05 versus

control.
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Table 7. Antinociceptive effect of single treatment of Vaccinium ashei extract in tail-flick

test.
Treatment Latency (min)
(mg/kg) 0 30 60 920 120 150
Control 84+14 11.9+£23 12.8+1.2 124+0.8 13.1+1.0 132+14
Morphine (10) 8.8+1.9 30.0+ 0.0 29.4+0.6* 28.1£1.4* 245+£2.7% 26.2 +2.6*
Diclofenac (5) 10.1+£2.2 21.6+14* 248+£19*% 226=+1.8*% 2290+2.5*% 253+1.3%
Extract (6.4) 7.0+ 0.7 23.4+2.8% 23.8+£2.7%* 247+£22% 2690+1.3* 264+1.8*

Latency of the tail-flick response to a heat stimulus was measured at 0, 30, 60, 90,

120, and 150 min after treatment. Latency values are expressed as means + SEM. n = 10 for

each group. *p < .05 versus control.
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Table 8. Antinociceptive effect of prolonged treatment of Vaccinium ashei extract in tail-

flick test.
Treatment Latency (min)

(mg/kg) 0 30 60 920 120 150
Control 7.5+1.5 104+1.7 109+24 11.8+24 120+24 9.5+09
Morphine (10) 6.4+0.9 271+ 1.7  267+1.1% 289+£0.7% 252+1.6*% 24.6+2.0*%
Diclofenac (5) 12.4+2.9 11.7+1.8 145+2.1 17.0+2.6 13.6£1.72 14.0+2.6

Extract (6.4) 16.4+23* 20.4+2.3*  20.1 +1.4* 20.5+2.2* 20.1+1.8* 185+2.0*

Latency of the tail-flick response to a heat stimulus was measured at 0, 30, 60, 90,
120, and 150 min after treatment. Latency values are expressed as means + SEM. n = 10 for

each group. *p < .05 versus control.
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8 CAPITULO IV






INTRODUGAO

A memoria pode ser definida como a faculdade de reter conhecimentos e
impressdes, assim como conservar e evocar as informacdes adquiridas através de
experiéncias vividas. A aprendizagem representa a aquisicdo de novas memorias
(KANDEL, 2000).

Desde o ponto de vista evolutivo, a capacidade de adquirir novas
informacdes € uma das mais importantes funcbées do SNC, e a expressido de
memoarias previamente adquiridas € crucial para a sobrevivéncia e evolugado das
espécies (MORGADO, 1999).

Neste contexto, os individuos apresentam capacidade de adaptagcao e
modificagcdo de seu comportamento quando expostos a novas experiéncias, e a
capacidade de aprender e recordar eventos depende de modificagdes induzidas
no SNC pela percepcao desses eventos (RAMON y CAJAL, 1911; KANDEL,
2000).

Os aspectos relativos a meméria humana foram estudados pela primeira
vez por Ebbinghaus e as alteragbes da memoéria por Lorskoff (EICHENBAUM,
1993). EICHENBAUM (1997) foi particularmente influente e uma de suas grandes
contribuicdes foi a de estabelecer o paradigma treino/teste para estudo da
memoria (SQUIRE e ZOLA-MORGAN, 1991). Esse paradigma demonstrou
eficacia ao longo de diferentes estudos experimentais de memodria, sendo parte
desta dissertagdo embasada neste mesmo modelo.

Foram dessa época também as primeiras observacdes de que as estruturas
do lobo temporal medial sdo fundamentais para certos tipos de memoarias. A
primeira dessas observagdes foi divulgada por Von Bechterew em 1990.

Em estudo de caso, Von Bechterew apresentou achados patolégicos post-
mortem de um cérebro de um homem que apresentou problemas de memoria
durante os ultimos anos de sua vida. As alteragbes patologicas eram
predominantes no lobo temporal medial, regido do cérebro que incluia entre
outras, o hipocampo, a amigdala e o cortex entorrinal. Outros relatos de casos ou

experimentos com animais encontraram semelhante relacdo (BAXENDALE, 1998).
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Em humanos, um dos relatos de casos, mais bem documentados e
estudados, € do paciente conhecido como HM, o mesmo foi apresentado a
comunidade internacional na década de 50 por Scoville e Milner.

O paciente HM apresentava memédria limitada a eventos que antecederam
uma cirurgia na qual parte dos lobos temporais foi retirada como o intuito de tratar
uma epilepsia refrataria. Nesta cirurgia foram retiradas a amigdalas e o cortex
entorrinal, assim como parte dos hipocampos, o que resultou em perda de
memoria recente deste individuo (BAXENDALE, 1998). Como este paciente
retinha memodrias remotas, ficou evidente que esta regido é o sitio de
processamento e armazenamento de informagao assim como de formagao de
novas memorias (memdarias de curta, STM e longa duragédo, LTM).

Evidéncias adicionais foram obtidas a partir de pacientes submetidos a
Terapia Eletroconvulsiva (ECT). A ECT altera a fungdo do hipocampo
temporariamente, e estes pacientes sofrem amnésia e dificuldades com relagéo a
novos aprendizados. A medida que passa o tempo as memoérias se tornam
accessiveis novamente.

Surgiu, portanto, a necessidade de se estabelecer os mecanismos celulares
da memdria. O fisiologista norte-americano William James (1980), foi um dos
precursores no estudo das bases fisiologicas e as possiveis associagdes
responsaveis pela formagao de memoaria. No seu livro Principles of psychology ele
propds a “lei dos habitos neurais” sugerindo que:

Quando dois processos cerebrais elementares sgo ativados conjuntamente
ou em sucessdo imediata, um deles, conseqlientemente, tende a propagar um
impulso ao outro.

Esta frase representava a idéia de que a formagdo de associagdes no
cérebro seria resultado da co-ativacdo de processos cerebrais, e conduziu ao
conceito de que as sinapses seriam responsaveis pela génese das memorias.

Dada a dificuldade de estudar a memdria neste nivel, os modelos animais
que foram desenvolvidos por Pavlov e Thornadike representam até os dias de hoje
um sistema eficaz para o seu estudo. Assim, com o desenvolvimento experimental

nesta area, ficou claro que existem diferentes tipos de memorias e circuitos
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cerebrais envolvidos nos processos de aquisi¢ao, consolidagcdo e evocagao das
mesmas (de SOUZA, 2001).

Os diferentes tipos de memdria foram classificados de forma didatica a
partir do fato de que as memodrias podem ser declarativas ou explicitas ou entao
nao declarativa ou procedurais. Conhecimento procedural, se refere a como
realizar certas coisas, habitos que é expresso em habilidades comportamentais
(aquelas que ndo podem ser explicadas com palavras). Conhecimento declarativo
permite explicar experiéncias prévias (com palavras). Isto requer processamento
na regidao temporal medial, e talamo e no caso das procedurais, no ganglio basal.
Outros aspectos dependem da amigdala (memodria emocional) e do cerebelo
(aprendizado motor). Estes processos ocorrem por eventos bioquimicos que
afetam fortemente os processos de sinapsis, produzem modificagcdes estruturais
dos neurdnios, e alteram o numero das mesmas (IZQUIERDO et al., 1992).

Atualmente se conhece que o lobulo temporal médio inclui o hipocampo e
areas adjacentes, responsaveis pela formagéo e da conversdo de memorias de
curta a longa duragédo. Desta forma, sabe-se que a regido medial temporal é
importante para a formacao e a organizacdo da memoria, que as areas corticais
sao responsaveis pelo armazenamento de eventos ocorridos e da maneira que
sao utilizados na dependéncia da situacdo enfrentada. Entretanto, existem muitas
lacunas na compreensado deste processo, como por exemplo, as vias de
processamento e armazenamento de informacao (de SOUZA, 2001).

Algumas hipoteses atualmente tentam explicar como sao formadas e
mantidas as memoadrias no SNC. Autores propéem que a memoéria se mantém
devido a um dispositivo que opera através de um circuito bioquimico de retorno
(feedback) positivo, no qual a proteina quinase ativada por mitégenos (MAPK),
pode ativar uma proteina quinase C (PKC) (através de uma fosfolipase Ay).
Também pode ocorrer de a PKC ativar a MAPK através da proteina quinase
serina/treonina (RAF) e proteina MAP quinase quinase (MEK ou MAPKK),
(SQUIRE e KANDEL, 1999).

Se as enzimas sao fracamente ativadas por um estimulo externo a

atividade de MAPK aumenta, mas retorna aos niveis basais apds a remogao do
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estimulo. Caso o estimulo seja forte, o circuito se mantém ativo (MAPK ativada)
mesmo apds a sua remocgado. Como o biodispositivo € bioestavel seria possivel
indica-lo como um mecanismo de manutengcdo de memdéria (MICHEAU e RIEDEL,
1999).

Um outro dispositivo que envolve somente a proteina quinase dependente
de calcio e calmodulina (CAMKII), representa outro mecanismo de
retroalimentacao (feedback) proposto para o entendimento da manutencédo da
memoria. Esta molécula pode ser ativada através do aumento da concentracao
intracelular de calcio. Um dos substratos da enzima é ela mesma, que apdos sua
autofosforilagado modifica suas propriedades nao necessitando mais de calcio para
se tornar ativa (MICHEAU e RIEDEL, 1999).

Para manter um circuito de retroalimentacao positiva em funcionamento por
varios anos (utilizado em memodrias de longa duragdo) seriam necessarios
processos envolvendo mudangas na expressao génica. Quando uma via neural é
fortemente estimulada seria acionada a sintese de novas proteinas que resultaria
no fortalecimento da resposta ao estimulo. Trabalhos envolvendo a fase tardia do
processo da LTP (do inglés long term potentiation) sdo consistentes com essa
hipotese (EICHENBAUM, 1993; 1997).

Um mecanismo proposto por alguns grupos € a participacédo do RNA, na
sintese protéica em sitios proximos as sinapses, promovendo a formacido de
segundos mensageiros que seriam responsaveis pelo constante estado ativado de
uma via (MICHEAU et al., 1999).

Os mecanismos de retroalimentagao positiva ndo dependem de apenas um
pequeno grupo de moléculas, no caso da degradagado molecular outras moléculas
podem ser formadas substituindo aquelas perdidas, permitindo, portanto um turn-
over dos elementos (proteinas principalmente) pods-sinapticos envolvidos na
manutengao da memoria (SHAPIRO e EICHENBAUM, 1999).

Obviamente, as hipoteses mencionadas sobre como as memdérias sao
mantidas, e brevemente mencionadas aqui sofrem varias criticas, pois nem todas

elas s&o aplicaveis a todos os tipos de processos de memoéria estudados.
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Abordagem nutricional e avaliagao cognitiva: Mente sa em um corpo sao?

Como sabemos, a memoria explicita € a primeira a ser afetada com o
envelhecimento, e esta alteracdo parece estar relacionada ao aumento de
processos inflamatoérios e ao estresse oxidativo. Além disso, numerosos declinios
cognitivos que ocorrem com a idade avancada podem ser manifestados por
alteracdo no nivel de neurotransmisores como, por exemplo: acetilcolina,
noradrenalina, serotonina, dopamina. Essas aminas biogénicas sdo importantes
nos mecanismos subjacentes as disfungbes mentais e neurolégicas como a
depressao, a esquizofrenia, a dependéncia a drogas, a doenca de Parkinson, a
doenca de Alzheimer, entre outras (CANTUTI-CASTELVETRI et al., 2000).

Entretanto, a escolha acertada de uma boa alimentagcdo proporciona uma
melhor performance fisica e mental, bem como ajuda a retardar o envelhecimento,
entre outros beneficios. Alimentos que apresentem ingredientes fisiologicamente
saudaveis fazem parte de uma gama de opg¢des que podem ser incluidas na
alimentacao cotidiana, e que irdo facilitar e até promover beneficios fisioldgicos
especificos no organismo. As frutas sao alimentos que atendem bem a alguns
desses requisitos ja que sao ricas em fitoquimicos, os quais ndo sdo considerados
nutrientes ja que a vida ndo depende deles. Os mecanismos de agédo sdo téao
diversos quanto os compostos: alguns atuam como antioxidantes, outros como
inibidores de enzimas, entre outras propriedades. Contudo, o importante é que os
fitoquimicos ajudam a promover a saude e a prevenir doengas (CANTUTI-
CASTELVETRI et al., 2000).

A fruta de mirtilo € um excelente exemplo; em diversas investigacdes foi
verificado que a suplementacdo com esta fruta reverte os efeitos deletérios
causados pela idade e melhora a atividade locomotora em ratos velhos (JOSEPH
et al., 2005). Recentemente os mesmos autores demonstraram, num modelo
animal para AD (camundongos transgénicos) que a suplementagdo com mirtilo
melhora a fungdo cognitiva nesses animais. Esses dados indicam que poderia ser
possivel controlar a predisposi¢cao genética para doenca de Alzheimer através da
dieta (JOSEPH et al., 2003).
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Na procura por alimentos mais saudaveis de uma maneira geral, o presente
trabalho teve como objeto de estudo o mirtilo, principalmente por este ser um
alimento pouco utilizado na dieta diaria, visando propiciar alternativas de facil
acesso a sociedade e prevencdo de doencgas, e visando inclui-lo no rol dos
alimentos funcionais.

Face ao exposto este capitulo esta dividido em 3 partes:

Na primeira parte se apresentam os resultados correspondentes ao pré-
tratamento por 30 dias com extrato de mirtilo, e apds esse periodo os animais
foram treinados e testados em diferentes tarefas comportamentais para:

- Avaliar o efeito sobre o0 aprendizado e memoaria em ratos adultos;
- Avaliar o efeito sobre a atividade locomotora, em ratos adultos;

- Avaliar o efeito ansiolitico em ratos adultos.

No segundo estudo, apés treino, os animais foram tratados com o mesmo
extrato para:
- Avaliar o efeito sobre o aprendizado e memadria em camundongos adultos;
- Avaliar o efeito sobre a atividade locomotora, em camundongos adultos;
- Avaliar o efeito ansiolitico em camundongos adultos;
- Fazer a determinagcdo do dano de DNA no cortex e no hipocampo dos

camundongos.

Na terceira parte, ratos velhos e adultos também foram pré-tratados com o
mesmo extrato e testados nas tarefas correspondentes para:
- Avaliar o efeito sobre o aprendizado e memadria em ratos adultos e velhos;
- Avaliar o efeito sobre a atividade locomotora, em ratos adultos e velhos;
- Avaliar o efeito ansiolitico em ratos adultos e velhos;
- Avaliar o efeito sobre os niveis dos neurotransmissores dopamina, serotonina e

seus metabdlitos em hipocampo, cértex e estriado de ratos adultos e velhos.
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Abstract

Epidemiological studies suggest that diets with a high mtake of vegetables and fruits may reduce the incidence of degenerative disorders
including Alzheimer’s disease, Berries are some of the popular fruits consumed worldwide. They are considered to be rich in anthoeyanin

plgments, a group belonging to the Aavoenods, a widespread class of phenolic compounds, Anthacyanins have notorious pharmacological
properties, and have been used m humans for therapeutic purposes.

The present expenments were performed to study the possible effects of prolonged administration of lyophilised Vi
berry. bilberry ) on cognitive performance usimg step-down mhibitory avordance, open field. elevated plus-maze, and radi

n berries {blue-
al maze tasks,

During this experiment the rats consumed approximately 3.2 mg kg™ day (oral), of the anthocyanins, The lyophilised berries were admin-
istered for 30 days before first traming.

The present study showed that lyophilised berries significantly enhanced short-term memaory, but not long-term memaory in the inlubitory
avordanee task, and induced an merease in the number of crossings in the frst exposure to the open held. However, treated rats did not present

any improvement of memaory retention i open held habituation. Addinonally, prolonged treatment with Ivophilised berries did not have any
significant effects in the elevated plus-maze task. Another interesting finding was that lvophilised berries improved working memory in the
radial maze, with significant differences observed duning sessions 1-2 and 4, but did not alter reference memory in this task. These results
suggest that Ivophilised berries may be beneficial m the prevention of memory deficits, one af the svmptoms related to AD, and corroborate
previous findings showing that Qavonords present effects in several learming paradigms,

© 2005 Elsevier Ltd, All nights reserved.

Kevwords: Vaccinium, Blueberry, Memory, Anxiety

1. Introduction Some [ruits are rich in anthocyanin pigments, a group
belonging to Davonoids. the widespread class ol phenolic

compounds. They are glycosides ol polyhydroxy — and poly-

Scientific interest in compounds [rom plant secondary

metabolism has mcreased, since epidemiological studies sug
gest that diets with a high intake of vegetables and fruits
may reduce the incidence of some degeneralive diseases

* Corresponding author Tel - +55 51 33165243, fax: +55 51 33165437
E-mail address: manarosanar@yahoo com.br (M R Ramirez)

10436618/ — see front matter © 2005 Elsevier Ltd  All rights reserved
doi: 10,1016/ phrs 2005 .07 003

123

1g2- metoxy —derivatives ol 2-pheny Ibenzopyrvlivm, or lavy lium

salts [2].

They are particularly abundant in red and purple berries
and fruits as well as in red wines: thus. they play an important
role in human and animal nutrition [3-5]. Depending on
nutrition habits, the daily intake of anthocvanins m humans
has been estimated o range from several muilligrams to
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hundreds of mulligrams [6]. Nonetheless, consumers might
readily inerease thewr daily anthocvamin intake as levels in
some berries contain excess of 100 mg per 100 g [7]. Dietary
consumption in some individuals has been estimated to be

up o 200 me/day, which s higher than for other avonoids
such as quercetin [8].

Likewise other flavonoids, the significance of antho-
cvanims has been discussed in relation o a wide range of
phvsiological Tunctions such as improvement ol vision, anti-
cancer activity, and also i their implication in neural dys-
function and cognitive decline. [1.4.9.10].

Josephetal [11] found that fruit extracts containig antho-
cvanins were eflective in reversing age-related deficits in
several neural and behavioral parameters, e g oxolremoring
enhancement ol a K -evoked release ol dopamine [rom
striatal slices, carbachol-stimulated GTPase activity, striatal
Ca?" bullering in striatal synaptosomes. motor behavior on
the rod walking and accelerating rota rod. and Morris water
maze perlormance.

The present article examines the effect ol lvophilised blue-
berries and bilberries (Vaccinium, Ericaceae) on memaory,
anxiety, and locomotion in adult rats,

2. Materials and methods

Berries of Vaccinium from several cultivars varieties
(Selecdol 10, Brite blue, Wood ward, Florida, Climax, Blue-
gen, Delite, Selecdo 77, Blue belle, Alice blue). They
were produced by EMBRAPA DE CLIMA TEMPERADO,
Pelotas, RS, Brazil, and kept at —0.5 to 0°C. No sign of
pesticides was reported. assuring no interference ol these sub-
stances on the final results.

2.1, Preparation of Ivophilised fruit

Fresh Truits were tniturated  mechanieallv and  later
lyophilised and kept sheltered from light. For the exper-
iments. the lyophilised [ruit were dissolved in water and
administered to the rats.

2.2, Anthocyanin guantification

Anthoeyanins were isolated with the procedure described
in the FEuropean Pharmacopoeia (2002) [12] Lvophilised
o

berries contamed 1.373 g% ol anthocvanin, and this value
was used lor dosage caleulation.
2.3, Subjects

The subjects were 20 adult male Wislar rats (aged 12
months), weighing 400-450 g, obtained from our own breed-
g colony. They were caged in groups ol five with free
access to food (standard certified rodent diet) and water, and
were maintained on a 12-h-hight/1 2-h-dark cycle (lights on
at 07:00h), at atemperature ol 23 + 1 °C. Amimals were ran-
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domly assigned to cach treatment group and all behavioral
procedures took place between U8 00 am. and 14 30 p.m.

This study was approved by the Amimal Care and Use
Committee of our center {Universidade Federal de Rio
Grande Do Sul, Porto Alegre, Brazl). All ellorts were made
to reduce the number of ammals used (7=20) and their sul-
fering.

2.4, Experimental design

Animals were acclimatised to the laboratory environ-
ment and to the investigator who handled them. Thev were
divided into two groups of [0 animals with similar mean body
weights.

Amimals were divided into a control group which drank
water ad libitum and a group which drank water supple-
mented with lyophilised berries during the experimental
period (= 10/group).

Food were available ad libitum, except during testing in
the radial maze (RAM), when rats were fed approximately
15 g ol laboratory chow lollowing daily behavioral sessions
to maimntain weights at 85-90% ol lree-lTeeding body weight.
Juice intake and weight were recorded daily.

2.5, Juice preparation

Lyvophilised berries were suspended i water. The
dose wsed was caleulated o provide approximately
3 2mgkg~!day of anthoeyanins, The volume of juice pro-
vided was 30 ml/rat/day in all cases. Bottles were kept under
light protection during the experimental period. Juice was
administered Tor 30 davs prior to traming.

2.6, Behavioral procedures

A tlotal of 20 male Wistar rats were used. They were
submitted to the following behavioral tasks: (a) step-down
inhibitory avordance; (b) open field habituation; (¢) elevated
plus-maze; and (d) radial maze.

2.7, Inhibitory avoidance

The apparatus was a 30 cm x 25¢m x 25 em acrylic box,
whose Hoor consisted ol parallel 1.0 mm diameter stainless
steel bars spaced 1.0cm apart. A 7.0em wide, 2.5 cm high,
25.0¢em long platform occupied the center floor. In the train-
g sesston, immediately aller stepping down placing their
four paws on the grid the amimals received a 0.4 mA, 2.0s
scrambled oot shock. Intest sesstons no foot shock was given
and step-down lateney was used as a measure of retention (Lo
aceiling of 180s).

Omne-trial step-down inhibitory avoidance in rats involves
the activation ol two separate memory types, a shori-term
memory (STM) svstem, and a long-term memory ( LTM) sys-
tem. Therefore, retention tests were carried out 90 min alier
traming to evaluate STM and 24 h and 7 days alier traming
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to evaluate long-term memory [13-16]. The same rats were
used for both tests, as testing for STM has been Tound not to
aflect LTM retention scores in previous studies [ 17-21].

2.8, Open field habituation

In order o control for possible ellects of Ivophilised
berries on locomotor activity, animals were exposed Lwice,
with a 24 h interval, o a 40cm = 30cm x 60 ¢cm open field
whose brown linoleum {loor was divided into 12 equal
squares by white lines. In both sessions, the animals were
placed in the rear lefl square and lefl to explore it freely for
Smun [ 14211, during which time the number of line crossings
and rearings were counted.

2.9, Elevarted plus-maze

Rats were also submilted to an elevated plus-maze. in
order to determine if the lyophilised Vaceininm berries allect
maobility, locomotion or anxiety-related behavior [14-22].
Brielly, the elevated plus-maze consisted ol'a central platfonn
(Sem x Sem), two open arms (50cm x [em x 30cm),
and two closed arms (30¢m x 10cm x Hem). Arms were
arranged n such a way that the two arms ol each tvpe were
opposite o cach other The marze was 50 cm above {loor
level and tests were carried out under a dim red light. Ani-
mals were placed individually on the central platform of the
plus-maze facing an open arm. Two observers recorded the
number of rearings. the time spent in the open and enclosed
arms and the number ol entries in each arm during 5 min.
The percentage ol time spent in the enclosed arms and the

number of entries in these arms were used as a measure of

anxiety.
2,10, Radial-arm maze

Rats were tested on an ¢ight-arm radial maze housed i a
test room with a variety of visual cues, including pictures on
the walls.

The eight-arm radial maze was made of wood and con-
sisted ol'a central platform 45 cm in diameter, elevated 50 em
from the Hoor, with eight arms ([0em x 68cem) extend-
ing radially. Food cups for the reinforcers were located
near the end ol each arm (0.4 g). Animals were acclhimated
to the behavioral apparatus during at least two sessions,
with each session consisting ol [0min Iree access Lo all
arms,

The rats were initially trained for five sessions on the eight-
arm radial maze. During each training session, rals were [irst
placed on the central platform for 10 s with a bucket covering
the arms. The bucket was removed and the rats were allowed
to explore the maze. During traming, all arms were baited
with a half piece of standard certified rodent diet.

In the following sessions (14). Tour of the arms ol the
eight-arm radial maze deseribed above were bailed before
each trial. The same arms were baited for all sessions. Rats
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were then placed on the central platform and left free to
explore the maze lor 10min. Arm choices were recorded
when the rat placed all of 1ts paws nio the arm. Only
one entry into an arm was rewarded. Re-entries into arms
previously entered or into unbaited arms were counted as
errors,

Working memory errors were recorded as the number ol
times the rat re-entered any of the four arms that were baited.
Reference memory errors relerred o the number of times
the rat entered the four arms that were never baited. This
mncluded re-entries into the four arms. The experiment was
stopped when all four pellets were eaten or when the time
limit of 10 min was exceeded. Total food consumption and
the time to eat all four were recorded. At the end ol each
phase, animals were removed Irom the marze and returned o
their home cages.

2,11, Statistical analysis

The use of a 180 s ceiling in test sessions in the inhibitory
avoidance task required non-parametric statistics 1o be used.
Mann-Whitney U-test were employed as post hoc test
for comparison with control group. Data lor this task are
expressed as median and interquartile intervals test-session
latency. In all comparnisons, P <005 was considered to indi-
cale statistical significance. For plus-maze and open-field
habituation, data were analvzed by Student’s i-test.

In the radial maze. working memory errors and reler-
ence memory errors, were analvzed separately using one
between (groups: control or treated. to perform a first ANOVA
from sessions | o 5, and a second one [rom davs 7 o
l4—excluding session 6), and one within (sessions ) repeated
measures analyses ol variance ( ANOVA ).

Data for total time to run the maze were analyzed using
Dunnett’s test. Independent i-tests measurement was mad-
den between groups (control versus treated). in the diflerent
idividual trials for cach day of treatment. The cut-ofl for
statistical significance was P<0.05 in all cases.

3. Results

There were no dilferences in weight between the groups
over time (P =0.05) (data not shown). There were also no
differences in water/juice intake between the groups over the
course of the study (P =0.05).

3.1, Step-down inhibitory avoidance task

The resulis are displaved in Fig. 1. Tramming session step-
down latency dillerences among groups were not significant.
The median (interguartile range ) traimng step-down latencies
for all animals (g =20) was 4.3 (3.5/7.2).

In the test session, the treated group was dillerent from
the control group. The Mann—Whitney revealed a significant
elfect for STM (U=9. P<0.040). On the other hand. this



460

QcControl
180 OTreatsd
160
140
120
100
B0
60
40

20

Latency (s)

ST™ LTM aftar 24h LTM after 7d

Fig 1 Effect of the liophihsed bernes of Vaccinium given 30 days prior
training, i a step-down inhibitory avordance task Retention test latency
measured 90 min (STM), 24 h and 7 days after trmming (LTM). Ordinates
express median (interquartile range) test session latency, in seconds, Aster-
sk (*) indicates a significant difference in retention test performance from
control group, in Mann-Whitney L/-test (r= 10 per group)

group showed a tendency to increase the retention off LTM,
but this ellect was not staustically sigmificant.

3.2, Open field

The results are presented in Table | In the first session. the
group treated with lvophilised Vaccinium berries was differ-
ent when compared to the control group (fs =2 153, P < (1L035).
Treatment with Ivophilised berries induced an increase in the
number ol crossings in the open field in the first exposure.
but not mn the second session

Both groups showed a decrease in the exploratory behav-
wr 1 the second session (Controls: crossing, fs=2.62:
P<0.05; rearing ts=4.189, Treated: crossing rs=6.563;
rearing fs=5.355. P<0.05); demonstrating that habituation
oceurred in this task.

3.3, Elevated plus-maze

The results are presented in Table 2. Inthis test, the groups
did not show statistical differences in this task. Treated rats

Table 1
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g

Working memory errors

I 2 3 4 3 6 7 B

Session

Fig 2. Effect of the liophilised berries of Waccinium on the WM. Each point
represents the mean £ 8 E.M. of each group for a single session. Asterisk (#)
indicates difference in relation to control group (P < 0.05), n= 10 per group

did not display changes in any of the parameters measured.
indicatmg that in all probability therr eflects on STM and
LTM are not due 1o mterlerence with locomotion or anxiety
levels

34, Radial maze

Analysis ol'the lirstanova Ilrom sessions | to 3_showed sig-
nificant choice accuracy improvement caused by Liophilised
(F=3.002. P=0.05). During the 14 sessions. treated rats
showed a decrease in working memory errors during sessions
.2 and 4 (is=2.5; 1s=2.3; 2 5 P<005); with a signifi-
cant improvement ol choice accuracy. However, as shown in
Fig. 2. this effect became attenuated and was not significant

s

during the later sessions ([rom day 7 o 14). In contrast, no
significant hophilised ellect was seen with reference errors
(data not shown).

lotal time to run the maze decreased in both groups during
sessions 514 in comparison Lo the first day. However. there
was no difference in time Lo run the maze between groups in
all sessions (data not shown),

Behavior of rats control and rats treated with lvophilised berries, in the open-field test

Group First exposure Second exposure
Crossing Rearing Crossing, Rearing
Control 29484367 16354191 179441417 6.76+1.02
Treated 39,7343 05" 1501143 163341947 7.25 L0817
The data are expressed as mean =5 E.M
* Difference between first and second exposure (P < 0.05)
** Difference between first and second exposure (F<0.05)
? Difference from control (P<0.05), n=10 per group.
Table 2
Behavior of rats treated with Iyophilised berries of Vaceiium, and group control in the elevated plus-maze test
Total entries Entries open arms Time open arms (%) Rearing
Controls 427 £+ 0.58 444 4+ 100 82.00 £ 0.60 911+ 169
Treated 420 £ 0.38 3254 061 T840 £ 075 8.50 £ 067

Values are expressed as mean £S5 EM
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4. Discussion

Berries are some of the most popular fruits consumed
worldwide. They are considered 1o be rich in anthoevanins.
Anthoevanins have notorious pharmacological properties,
and have been used by humans for therapeuue purposes [4].
In countries where berries are widely consumed. 1t 1s of fun-
damental interest to know whether or not this fruit might
aflect the neurological impairment caused either age-related
cognitive and motor decline or neurological illness.

Reports from other laboratories have demonstrated that

anthocyanins are found 1 plasma samples following a sigle
orally admimstered dose, and therelore present oral bioavail-
ability in rats [23-23] As previously mentioned, the daily
intake ol anthocyanins in the USA has been estimated 1o
be between 215 and 180mg. For a human of 70kg body
weight, this corresponds 1o a daily consumption of 3.1 and
2 6 mg anthocvanins/kg, respectively [26]. During our exper-

iment the rats consumed approximately 3.2 mg ke ™" day, of

the anthocvanins. Thus, the dietary intake of anthocvanins
during this studv 1s the same order ol magnitude as that which
occurs 1 humans.

Step-down inhibitory avordance task 1s a classic task of

memory with a strong aversive component [27]. Lvophilised
berries exerted signilicant eflfeets in short-term retention in
these tasks according to Fig. 1. They also presented a trend 1o
merease long-term retention ol this task, but this elTect was
not statistically significant. However, since the time vused in
our study was relatively short. 1t 1s possible that higher rates
ol memory improvement might be found with longer periods
ol treatment,

We also examined the effect ol lvoplihised berries on the
open-field test as 1t is presented in Table 1, which allowed us
1o study the effect of the treatment on the general locomotor
activity ol the ammals [28]. Furthermore, this test allows
evaluating habituation memory through measurement ol the
decrease in exploratory behavior (crossings and rearings) in
the second session [29].

Our results found that animals treated with Ivophilised
berries had an increase in the number of crossings in the open
field, i the firstexposure. This may be related with peripheral
ellect upon locomotor activity, but did not seem to interlere
with habituation to the open-field, as both groups (control
and treated), presented a decrease in the exploratory behavior
in the test session. These results ol our experiments have
been consistent with the favourable ellect of anthoevanins
on locomotor activity Tound i old animals [30].

The next experiment was to explore the possible anxiolvtic
effect of lvophilised berries. The elevated plus-maze test 1s the
most useful test to search for anxiolytic agents [22.31], and
several flavonoids were previously reported [32] to exhibit
anxiolytic action in this tasks. However, lvophilised berries

perlormed no effect on this task mour study as seenm Table 2.

Working memory, which is a memory system that is essen-
tial lor a variety ol cognitive tasks (language, problem solv-
ing, ete ), has been shown 1o deteriorate with ageing [33]
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[n Tollow-up studies [34]. supplementation with blueberry
extracts lo aged rats was found to be effective m reversing
certain age-related deficits in several behavioral parameters
such as balance, coordination, working memory. and refer-
ence memory. Our results in the radial maze task corroborate
these findings as presented in Fig. 2. Lvophilised berries
improved working memory in sessions 1, 2 and 4, but did
not allect reference memaory. This seems 1o imply that the
berries provide significant benefits in working memory dur-
ing acquisition of the task.

The findmgs ol the current study demonstrated a beneficial
effect from lvophilised berries in rats, corroborating previ-
ous lindings showing that phviochemicals. including antho-
cvanins presenting eflects in several of learmng paradigms
[1]

Insummarv, the results also show that the memory enhance-

ing eflect of lvophilised was more pronounced for working
and short-term memory than for other aspects of cognitive
functioning. Since the understanding ol the role ol phy-
s i memory [unction demands more complete

tochemica
knowledge of the interactions of these compounds with neu-
rotransmitier systems m the brain, further studies will be nec-
essary Lo elucidate the pharmacological basis ol our results.
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Abstract

Studies have shown that supplementation with berries rich in anthocyaning are effective in reducing oxidative stress associated with aging, and
are beneficial in reversing age-related neuronal and behavioral changes. However, there are few reports on other biological activities of these
polyphenols, such as genoprotective effects. The present experments were performed to study the possible effects of 30-day administration of a
Iyophilized extract of Faccinium ashei berries on cognitive performance using step-down inhibitory avoidance, open-field habitation and elevated
plus-maze tasks. as well as on DNA damage in the hippocampus and cerebral cortex. The present study showed that the extract significantly
enhanced long-term memory in the inhibitory avoidance task, induced an increase in the number of crossings during open-field habituation and
had an anxiolytic effect in the elevated plus-maze task. Moreover, the extract reduced oxidative DNA damage in brain tissue in vitro. These results
suggest that supplementation with ¥ ashei bemries to mice improves performance on memory tasks and has a protective effect on DNA damage,

possibly due to the antioxidant activity of polyphenols, including anthocyanins.

©@ 2006 Elsevier Inc. All nghts reserved.

Keywords: Vaccinium;, Anthocyanin; Memory; DNA damage

1. Introduction

Phenolic compounds are naturally occurring secondary
metabolites from plants. They are present in fruits, vegetables,
leaves, nuts, seeds, flowers and barks. These compounds are an
integral part of the human diet and are also taken intentionally
as medicinal preparations (Kuhnau, 1976: Kong et al., 2003).
They act as inhibitors or activators for a large varety of
mammalian enzyme systems, and as metal chelators and
scavengers of free oxygen radicals (Sellappan et al., 2002:
Ono et al, 2002). It has been suggested that free radical
scavenging and antioxidant activities play an important role in
the prevention of aging and disease-related free radical-induced
damage (Joseph et al, 1998; Cantuti-Castelvetri et al.,, 2000;
Youdim et al., 2000).

* Corresponding author. Tel.: +51 3316 5243; fax: +51 3316 3437,
E-mail address: cpgefig farmaciaufrgs. br (M.R. Ramirez).

0091-3057/% - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/. pbb 2006.05.001
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As with other fruits, blueberries and bilberries contain a
range of micronutrients which are essential for health. In
particular, many types of berries contain a high level of vitamin
C (ascorbic acid), folic acid, resveratrol, pterostilbene and
piceatannol (Rimando et al., 2004). However, berries may have
additional health benefits as they are also rich in phytochemicals
such as anthocyanins and flavonols (Prior et al., 1998;
Sellappan et al., 2002; Beattie et al., 2005). It has been
hypothesized that additive and synergistic effects of these
complex mixtures of phytochemicals, instead of a single
component, are responsible for the health benefits derived
from fruits and vegetables (Aruoma et al., 2003).

The aim of this study was to carry out psychopharmacolog-
ical screening to evaluate potential effects of a lyophilized
extract of different cultivars from Faccinium ashei, Reade
(Ericaceae) berries, commonly known as rabbiteye blueberries,
on memory, anxiety and locomotor performance, as well as on
DNA damage in the hippocampus and cerebral cortex, which is
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thought to be a useful indicator of the bioavailability and
efficacy of antioxidant supplements.

2. Materials and methods
2.1, Subjects

The subjects were 30 adult male Swiss mice (aged 3 months),
weighing 35-45 g, obtained from our own breeding colony.
They were caged in groups of five with free access to food
{standard certified rodent diet) and water, and were maintained
ona 12-h light/dark cycle (lights on at 07:00 h), at a temperature
of23 £1 °C. Animals were randomly assigned to each treatment
group and all behavioural procedures took place between 8 am
and 2 p.m.

The study was approved by the Animal Care and Use
Committee of our center (Universidade Federal de Rio Grande
Do Sul, Porto Alegre, Brazil), and all efforts were made to
reduce the number of animals used and their suffering.

3. Preparation of lyophilized fruit extract and anthocyanin
quantification

Representative samples of V. ashei Reade berries were
collected at random from the following cultivars: Woodard,
Delite, Climax, Briteblue, Bluegen, Bluebelle, Aliceblue and
Florida (all originally American). Two selections (110 and 77)
from these cultivars, both obtained from seedlings coming from
open pollination of Bonita cultivars, were also used in the
mixture. Plants were produced by EMBRAPA DE CLIMA
TEMPERADOQ, Pelotas, RS, Brazil, and kept at —0.5 to 0 °C.
Pesticide analysis was previously carried out and no sign of
these substances was found, assuring no interference of
pesticides on our results.

A mixture of fresh berries from the cultivars and selections
described above were triturated mechanically and later
lyophilized and kept sheltered from light. Anthocyanins were
isolated following the procedure described in the European
Pharmacopeia (2002).

For the experiments, lyophilized berries were homogenized
in 96% ethanol, agitated for 30 min and centrifuged at 3000 rpm
for 15 min. The supernatants were filtered through filter paper
and concentrated by rotary evaporation at 30 °C. After
relyophilization, extracts were stored until the time of
administration to the animals, when they were redissolved in
distilled water. These ethanol extracts contained 999 mg of
anthocyanins per 100 g, and this value was used for dosage
calculation. The daily quantity of extract offered to the animals
was calculated to provide either 0.6-1.0 or 2.6-3.2 mg/kg/day
of anthocyanins. The volume of juice provided was 10 ml/mice/
day in all cases. During the whole procedure, including at the
time of administration, the extract was kept sheltered from light.

4. Experimental design

Animals were acclimatized to the laboratory environment
and to the investigator who handled them. They underwent
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training in an inhibitory avoidance task (described below) and
were subsequently divided into a control group which drank
water ad libitum and two groups which drank water
supplemented with different concentrations of lyophilized
Vaccinium berries extract for 30 days (n=10 animals/group),
with group 1 receiving 0.6-1.0 mg'kg/day and group 2
receiving 2.6-3.2 mg/kg/day of anthocyanins. Food was
available ad libitum. Juice intake and weight were recorded
daily.

During the 30-day period, behavioral procedures (inhibitory
avoidance testing, open-field habituation and elevated plus-
maze) were performed as described below. At the end of this
period, animals in the control group and in group 2 were
sacrificed. Hippocampi and cerebral cortices were dissected and
used to test DNA damage through an alkaline single cell
electrophoresis (comet) assay.

5. Behavioral procedures

Animals were subjected to the following behavioral tasks: (a)
step-down inhibitory avoidance, (b) open-field habituation and
(c) elevated plus-maze.

3. 1. Inhibitory avoidance

The inhibitory avoidance apparatus was a 50x25x25-cm
acrylic box, whose floor consisted of parallel 1.0 mm diameter
stainless steel bars spaced 1.0 cm apart. A 10-cm?, 2-em high,
platform occupied the center or the floor. In the training session,
immediately after stepping down and placing their four paws on
the grid, animals received a 0.4 mA, 2.0 s scrambled footshock.
In test sessions, no foot shock was used and step-down latency
(with a ceiling of 180 s) was used as a measure of memory
retention. Test sessions were carried out 24 h, 7 days and
30 days after training (Barros et al., 2000, 2001, 2002).

3.2, Open-field habituation

The open-field apparatus consisted of a 40x%50-cm wide
arena whose brown linoleum floor was divided into 12 equal
squares by white lines. In the first exploration session, animals
were placed in the rear left square and left to explore the arena
freely for a 5-min period (Barros et al., 2000), during which the
number of line crossings and rearings were counted and used to
measure locomotion and exploratory activity. Twenty-four
hours later, animals were left to explore the apparatus again
for another 5 min and the same measures were recorded to
evaluate habituation to the task.

3.3. Elevated plus-maze

The elevated plus-maze consisted of a central platform
(10> 10 cm) with four 45 = 10-cm arms, of which two were
open and two were closed. Arms were arranged in such a way
that the two arms of each type were opposite to each other. The
maze was kept 88 em above floor level and tests were carried
out under dim red light. Animals were placed individually on
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the central platform of the plus-maze facing an open arm. Two
observers recorded the number of rearings, the time spent in the
open and enclosed arms and the number of entries in each arm
during 5 min. The percentage of time spentin the enclosed arms
and the number of entries in these arms were used as a measure
of anxiety (Barros et al., 2000; lzquierdo et al., 2002; Pellow et
al., 1985).

5.4, Alkaline single cell electrophoresis (comet) assay

DNA damage was evaluated through the alkaline single cell
electrophoresis (comet) assay, performed as described by Singh
et al. (1988} and Tice et al. (2000}, with some modifications.
Hippocampi and cerebral cortices were dissected for five
anmals from the control group and five animals from group 2.
Tissue was homogenated in 500 pl of cold (4 °C) phosphate-
buffered saline solution (PBS). For each sample, an aliquot
(30 ply was diluted in PBS to a final volume of 100 pl and
another aliguot (30 pl) was diluted in PBS plus H20: (1 mM) to
a final volume of 100 pl. The in vitro assay with H,0, was
performed on ice for 5 min (Psimadas et al., 2004). Finally,
10 pl of these cellular suspensions were diluted in 80 pl of low
melting point agarose (0.65%) and added to fully frozen slides,
which had been covered with a layer of 0.65% normal melting
point agarose. Following layer solidification, cells in slides
were lysed (2.5 M NaOH, 0.1 M EDTA, 0.01 M Tris, 1%
sodium sarcocinate, 1% Triton X-100 and 10% dimethyl
sulfoxide, pH 10) overnight at 4 °C. Subsequently, samples
were placed in the electrophoresis solution (300 mM NaOH and
1 mM EDTA, pH 13) for 30 min to allow DNA unwinding.
Electrophoresis was then performed during 35 min at 25 Vand
280 mA. Finally, shides were neutralized with 0.4 M Tris buffer
(pH 7.5}, stained with 50 pl ofethidium bromide (20 pg/ml) and
analyzed using a Zeiss-Axioplan epifluorescence microscope
(400* magnification). In 100 randomly selected cells in
duplicated slides, DNA damage was classified as undamaged
(class 0) or as presenting short migration of DNA (class 1),
medinm migration (class 2), long migration (class 3) and
complete migration (no nucleus remaining, class 4). The final
score was calculated by adding the scores for each cell in the
slide, resulting in a final score of 0 for no DNA damage and 400
for maximum damage.

5.5. Statistical analysis

Data for the mhibitory avoidance task are expressed as
median and interquartile intervals for test session latencies. To
evaluate differences among groups, a Kruskal-Wallis test was
used, followed by Mann—Whitney’s U-test when appropriate.

For the plus-maze and open-field habituation, data are
expressed as mean and standard errors of mean, and groups
were compared using one-way analysis of variance (ANOVA)
followed by Dunnett’s test against the control group when
appropriate. Intragroup comparisons among the two test
sessions were performed using a paired samples #-test.

For alkaline single cell electrophoresis (comet) assay, data
are expressed as mean and standard errors and analyzed with
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one-way ANOVA. In all comparisons, p<0.05 was considered
to indicate statistical significance.

6. Results

There were no significant differences in weight between the
groups over time (p>0.05) (data not shown ). There were also no
differences in waterjuice intake between the groups over the
course of the study (p=0.05).

6.1, mhibitory avoidance

Results for the inhibitory avoidance task are displayed in Fig.
1. Groups treated with lyophilized fruit extract after training had
higher memory retention in all test sessions, an effect which was
statistically significant at 7 (/=23.5, p<0.05) and 30 days of
supplementation (U=0.0, p<0.05) for group 1, and at 24 h
(=7, p<0.05), 7 days (U=4.0, p<0.05) and 30 days (U/=3,
p<0.05) for group 2. Training session step-down latency
differences among groups were not significanty different

among groups.
6.2, Open-field habituation

Results for open-field habituation are presented in Table 1.
There was no significant difference in locomotor activity among
the three groups in the first session (p<0.05). In the second
session, there was a decrease in exploration in the control group
and in group 1 indicating habiaton to the open-field
environment (F=5.638, r=2.34, p<0.05). This effect was not
as clearly observed in group 2, in which there was no significant
difference in the number of crossings among sessions.
Moreover, this group had an increased number of crossings in
the second session when compared to the control group and
group 1 (t=3.61, p=<0.05), an effect which could be due to
increased locomotion or impaired habituation. There was also a
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Fig. 1. Test latencies for the inhibitory avoidance task measured 24 h, 7 days and
30 days after raming in controls, group 1 (0.6-1.0 mg/kg/day of anthocyanins)
and group 2 (2.6-3.2 mg'kg/day ). Data express median (interquartile range) test
session latencies in seconds. Asterisks indicate significant differences in

retention test performance from respective control groups (Mam-W hitney  L-
test, two-tailed, p<0.05), n=10 per group.
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Table 1
Open-field habituation

Crossings Rearings

I st session 2nd session 15t session Ind session
Controls 63.10+6.62 46302770 19.30+2.17 23.50+158
Ciroup 1 61.70+3 .81 4940+3.30° 17.40+2.04 2030+197
Giroup 2 TO40+3.13 63,101 85" 23.60+1.77 27.80+£1.83

Effect of treatment with both dosages of Vacciniwm lyophilized extract in the
open-field habitation task. Data are expressed as mean+8.E. M.
n=10 per group.

® Indicates a significant difference between the first and second sessions,

¥ Indicates a significant difference from the control group in the same
session,

trend toward an increase in rearings in group 2, but this was not
statistically significant.

6.3. Elevated plus-maze

Results are presented in Table 2. In this test, group 2 spent
significantly more tme in the open arms of the maze,
suggesting an anxiolytic effect of the treatment. Group 2 also
presented statistical differences in the number of entries in the
open arms when compared to the control group (F=5.638,
t=2.53, p<0.05).

6.4. Alkaline single cell electrophoresis {comet) assay

Treatment with lyophilized F[uit extract significantly
decreased the DNA damage in hippocampal tissues in
comparison to the respective control groups as evaluated by
the single cell electrophoresis (comet) assay (Fig. 2) (p<0.05).
In the assay after in vitro treatment with H>0», similar scores
were found among treated animals and controls. In the cerebral
cortex (Fig. 3), similar results were found: DNA damage was
decreased in the treated group (p<0.05) when compared to
controls, whereas afier H,0, treatment no differences were
found (data not shown).

7. Discussion

Recent studies have demonstrated that dietary supplementa-
tion with blueberry polyphenolics may have beneficial actions
on motor and cognitive function, and that they may improve
antioxidant status (Joseph et al., 2005). Berry extracts have high

Table 2
Flevated plus-maze

Total entries  Entries open arms % Time open arms  Rearings

Controls  11.60+1.55  810+1.50 20,0+£025 151157
Group 1 9.05+1.50 7.30+134 23.33+032 12.50+2.20
Group 2 1460151  14.10£210% 36,03+£030% 15.10+2.51

Total number of entries, number of entries in open amms. percentage of time
spent in open arms and rearings for the three study groups in the elevated plus-
maze task. Values are expressed as mean+5.EM,
m=10per group.

* Difference i relation to control group (p=<0.05).
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Fig. 2. Effect of the higher dose (2.6-3.2 mg'kg) of Faccinium berries
Ivophilized extract on DNA damage evaluated by alkaline single cell
electrophoresis (comet) assay in hippocampal tissue with (white) and without
(striped) treatment with | mM of Ho(s. Values are mean+8.EM. (n=35).
Sinilar letters mean absence of statistical differences (p>0.05) between groups.
while different letters indicate significant differences (p<0.05).

antioxidant activity, and this activity correlates with their
content of anthocyanins and total phenolic compounds (Prior et
al., 1998; Sellappan et al., 2002; Ono et al., 2002; McAnulty et
al., 2004).

A number of investigators have found that flavonoids,
including some anthocyanins, possess oral bioavailability 1n rats
(Tsuda et al., 1999; Miyazawa et al., 1999; Matsumoto et al.,
2001; McGhie et al., 2003) and that they are able to cross the rat
blood—brain barrier afier blueberry (Andrés-Lacueva et al,
2005) and blackberry (Talavera et al., 2005) supplementation,
as well as after a single administration (Youdim et al., 2003;
Passamonti et al., 2005) suggesting that these compounds can
feasibly have a direct effect on brain processes. Dietary
consumption in some individuals has been estimated to be up
to 200 mg/day of anthocyaning, which is higher than that of
other flavonoids (23 mg/day) such as quercetin (Scalbert and
Williamson, 2000; Frank et al., 2002; McGhie et al., 2003).
During our experiment, animals ingested approximately 0.3-
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Fig. 3. Effect of the higher dose (2.6-3.2 mg'kg) of Vaccinium bermries

Ivophilized extract on DNA damage evaluated by alkaline single cell
electrophoresis (comet) assay in cortex tissue with (white) and without (striped)
treatment with 1| mM of Ho0s, Values are mean+5 EM. (n=35). Sumilar letters
mean absence of statistical differences (p=0.05) between groups, while different
letters indicate significant differences (p<0.05),
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3.2 mgkg/day of the anthocyanins; thus, their dietary intake
was approximately of the same order of magnitude as that which
oceurs in humans.

In this work, the effects of extract from V ashei were studied
in several behavioral animal models. In the step-down
inhibitory avoidance task, a classic model to evaluate memory
with a strong aversive component (Cahill et al., 1986), the
extract exerted significant effects in long-term retention of the
task. Although our protocol does not allow us to tell if these
effects occurred on memory consolidation or retrieval, a clear
enhancement of retention was seen 7 and 30 days afier training.
Twenty-four hours after training, this was also observed for the
higher dose (2.6-3.2 mg/kg), whereas a visible, albeit
nonsignificant, trend towards enhancement was seen with the
lower dose (0.3-0.6 mg/kg). This seems to indicate that extract
is effective in a broad spectrum of dosage, confirming our
expectation that the composition of the juice and the time of
administration are more significant than the dosage used.

In the open-field test, which allows us to measure general
locomotor activity as well as habituation to a new environment
(Novas et al., 1988), animals treated with the higher dose of the
extract showed an increase in the number of crossings in the
second session of habituation. This could be due to an effect of
the blueberry extract on motor behaviour, as has been found on
other tasks such as the rod walking and accelerating rota rod
tests (Joseph et al., 1998, 1999}, or eventually to interference
with habituation to the task, although the memory-enhancing
effects observed in the inhibitory avoidance task argues against
the latter possibility (Ramirez et al., 2005). Other factors such as
volition and motivation for exploring the arena should also be
considered.

Several flavonoids have been reported to exhibit anxiolytic
action (Marder et al, 1995; Salgueiro et al, 1997). This
activity 1s usually demonstrated using a popular test, the
elevated plus-maze task (Pellow et al, 1985; Rodgers et al.,
1997).

Qur results are in agreement with these findings (Table 2), as
group 2 showed an increase in time spent in the open arms,
suggesting an anxiolytic effect of ¥ asher extract.

Finally, the potential benefits of the V. ashei extract were also
observed in the comet assay, a genotoxicity test which has been
widely used in recent years to analyze protective effect on DNA
damage. In our study, the higher (3.2 mganthocyanins/kg) dose
of the extract decreased DNA damage in both hippocampal and
cortical tissues in basal conditions. This effect was not sufficient
to significantly decrease DNA damage afier H,0; treatment,
although 1t 15 possible that a protective effect could be observed
after lower-intensity oxidative stress (such as lower concentra-
tions of H20: or shorter treatment times). It is also possible that
the antioxidant properties of compounds found in the extract are
dependent on mechanisms which are functioning in vivo but are
no longer working afier tissue dissection and homogenizing.
Results similar to ours have been reported for other phenolic
compounds found in fruit, including berries containing querce-
tin, ellagic acid and some anthocyanins. Possible mechanisms
for these genoprotective effects include protection of DNA from
alkylation or formation of anthocyanin-DNA complexes, which
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stabilize the molecule against oxidative attack (Ramirez-Tortosa
et al., 2001; Beattie et al., 20035).

It is unclear, however, if the behavioral effects of V ashei
extract in our study can be explained by the same mechanisms.
As the effect of the extract on memory was already seen 24 h
after the beginning of treatment, it seems more likely that other
mechanisms could account for the behavioral findings. Recent
studies suggest that blueberry supplementation enhance several
signaling pathways which have been widely shown to be
important in memory formation, including hippocampal protein
kinase Cee (PKCex) and extracellular-regulated kinase (ERK)
(Joseph et al., 2003; Youdim et al., 2004). Interestingly, Andrés-
Lacueva et al. (2005) reported that blueberry supplementation
and cognition are positively correlated with the total number of
anthocyanin compounds found in the different brain regions.
Alterations in these signaling pathways, therefore, as well as
other factors such as regulation of neurotransmission, should be
studied as possible mechanisms for the effects we have found.
This does not exclude, however, that the long-term effects of
supplementation could also be partly explained by neuronal
preservation due to the extract’s antioxidant activity (Joseph et
al., 2005).

In conclusion, a lyophilized extract of V. ashei berries was
shown to have memory-enhancing, anxiolytic and locomotion-
increasing effects in mice, as well as protective effects against
free radical-induced DNA damage in the brain. These results are
consistent with the hypothesis that flavonoids (including
anthocyanins) and other polyphenols can have effects in cell
signaling and decrease oxidative damage, and also suggest that
they might act directly on cognition. These effects may
contribute to the prevention of age-related and pathological
degenerative processes in the brain. The effects of these
compounds in these pathological conditions remain to be tested.
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A conscientizagdo da manutengcdo da saude seja por meio de uma

alimentacdo balanceada ou por um estilo de vida saudavel (exercicios fisicos,
auséncia de fumo e moderagcdo nas bebidas alcodlicas), esta cada vez mais
presente na sociedade. A populacdo esta preocupada em evitar o consumo de
alimentos prejudiciais a saude, e ao mesmo tempo aumenta o consumo de
alimentos que podem contribuir para a melhoria da qualidade de vida.
Além dos consumidores, a industria e a comunidade cientifica tem investido no
setor dos alimentos, buscando maiores informagdes sobre substancias e
suplementos que contribuam para a melhoria da saude. Neste contexto surgem os
alimentos funcionais. Embora ainda ndo exista consenso mundial sobre os
mesmos, de acordo com a ANVISA, o alimento ou ingrediente que alegar
propriedades funcionais, além de atuar em funcdes nutricionais basicas, devera
desencadear efeitos benéficos a saude e também ser seguro para o consumo sem
supervisao médica. Os alimentos funcionais podem assumir varias formas: alguns
podem ser alimentos tradicionais nos quais se reconheceu um determinado
componente util para a saude (fibras, antioxidantes), buscando reduzir certas
doencas em determinados grupos populacionais (leite fermentado, biscoitos
vitaminados, cereais ricos em fibras, etc). Contudo, o produto contendo a
substancia funcional ndo substitui, por completo, o alimento de onde foi retirado tal
composto, uma vez que apresenta apenas uma caracteristica deste (TAIPINA et
al., 2002).

Com o aumento da longevidade de vida houve um crescimento da
incidéncia de doencgas cronicas como diabetes, enfermidades cardiovasculares,
neurodegenerativas, cancer, obesidade etc., Embora os alimentos n&do promovam
a cura destas doencas, muitos deles colaboram para uma melhor qualidade de
vida (TAIPINA et al., 2002).

Entretanto, a capacidade desses alimentos de influenciar a saude humana
depende também de varios fatores como interacbes com outros componentes da
dieta, estado fisico, fatores comportamentais e genética individual. Deve ficar bem
claro que um alimento funcional ndo possui um papel terapéutico e ndo pode ser

usado como substituigdo de qualquer medicamento, visto que as doengas crénicas
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nao-transmissiveis sao multifatoriais e o controle de apenas um fator de risco, no
caso a dieta, ndo é suficiente para o tratamento.

O declinio cognitivo e a deméncia sdo os problemas mais relatados em
relagdo ao envelhecimento e alteragbes neurodegenerativas. As fungdes
cognitivas, por sua vez, podem ser agrupadas de maneira geral em linguagem,
compreensao, memoria, motricidade e orientagdo. Essas fungbes nos permitem
avaliar, perceber, armazenar, controlar e usar informacdes provenientes de fontes
externas (meio ambiente) e internas (experiéncias vividas, memdaria) para reagir a
determinados estimulos.

Para definirmos a memdéria de uma forma simples poderiamos dizer que
esta € a aquisicdo, o armazenamento e a evocacao de informagdes. Costuma-se
classificar as memoérias, em relagdo ao seu conteudo, em dois grandes grupos: as
memorias declarativas (aquelas para fatos ou eventos e qualquer informacao que
possa ser expressa conscientemente, por ex. guardar o nome e o telefone de
alguém) e as memodrias procedurais, as quais envolvem basicamente habilidades
motoras e/ou sensoriais, também chamadas de habitos (andar em bicicleta)
(BARROS, 2004).

Do ponto de vista de duragdo, as meméorias classificam-se em memaria de
curta duragdo, a qual dura de alguns minutos a poucas horas, e a memoria de
longa duragao, que permanece dias, semanas e anos. Ambas possuem alteragdes
(tracos) bioquimicos. As memorias de curta e de longa duragdo sao processos
separados, mas interdependentes. Um teste utilizado para estudar a memoria é a
tarefa de esquiva inibitéria, que se baseia no aprendizado associativo, onde um
estimulo novo é pareado com outro "biologicamente significante" (doloroso ou
prazeroso) o qual produz uma resposta (fuga ou salivagdo, por exemplo); a
resposta ao primeiro muda, condicionada ao pareamento.

Como sabemos, a memoria explicita € a primeira a ser afetada com o
envelhecimento, e esta alteracdo parece estar relacionada ao aumento de
processos inflamatorios e o estresse oxidativo. Além disso, numerosos declinios
cognitivos que ocorrem com a idade avangada podem ser manifestados por

alteracdo no nivel de neurotransmisores como, por exemplo: acetilcolina,
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noradrenalina, serotonina, dopamina. Essas aminas biogénicas s&o importantes
nos mecanismos subjacentes as disfungbes mentais e neuroldégicas como a
depressao, a dependéncia a drogas, a doenga de Parkinson, a doenga de
Alzheimer, entre outras (JOSEPH et al., 2005).

Entre os transtornos mais graves esta a Doenga de Alzheimer (DA), e uma
das hipoteses possiveis € que a DA seja causada pela disfungdo do sistema
colinérgico central, o que justifica o emprega de drogas que inibem a degradacgao
da acetilcolina. O efeito desses medicamentos é retardar o avanco da doenga, e é
com base nessa hipotese que se defende o emprego de alimentos funcionais e
nutracéuticos.

Os alimentos funcionais podem ser de origem animal ou vegetal. A maior
parte concentra-se nos alimentos de origem vegetal gragas a seus fitoquimicos.
Entre os primeiros alimentos considerados como funcionais se encontram as
frutas do género Vaccinium ashei, os membros deste género sdo conhecidos por
conter uma grande diversidade de compostos quimicos, muitos dos quais exibem
significante atividade biolégica (RIMANDO et al., 2005).

Investigacbes fitoquimicas revelaram numerosos compostos fendlicos em
Vaccinium ashei, os quais podem ser classificados em flavondides e néo-
flavondides. Do primeiro grupo fazem parte os flavanois (catequina, epicatequina e
epigalocatequina), flavondis (caempferol, quercetina e miricetina) e antocianinas, e
ao segundo grupo pertencem os acidos fendlicos, hidroxibenzoicos e
hidroxicinamicos. Além destes compostos, pode-se encontrar também o
resveratrol, polifenol pertencente a classe dos estilbenos (RIMANDO et al., 2005).

Estudos epidemiolégicos, in vitro e in vivo mostram varios efeitos benéficos
a saude relacionados aos compostos fendlicos citados, os quais sdo encontrados
em alimentos de consumo cotidiano, tais como: atividades antiinflamatoria,
antimicrobiana, anticarcinogénica e antioxidante, bem como em diversos
parédmetros neuronais vinculados ao envelhecimento (transducdo de sinal
alteragdes motoras, etc) (JOSEPH et al., 2005).

Joseph e colaboradores (2005) demonstraram que a suplementacdo com

mirtilo reverte os efeitos deletérios causados pelo envelhecimento e melhora a
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atividade locomotora em ratos velhos. Em estudo complementar, dos mesmos
autores, foi evidenciado que a suplementagdao com mirtilo melhora a funcéao
cognitiva em um modelo animal para doenca de Alzheimer. Recentemente, o
nosso grupo de pesquisa demonstrou que extrato total de Vaccinium ashei
favorece diversos parametros comportamentais, e apresenta importante atividade
antinociceptiva e neuroprotetora em roedores (RAMIREZ et al., 2005; BARROS et
al., 2006).

Para dar continuidade a este trabalho, e na busca de alimentos mais
saudaveis de maneira geral, o presente estudo objetivou comparar os efeitos da
suplementagéo prolongada com Vaccinium ashei entre ratos velhos e ratos
adultos, utilizando para isto a tarefa de reconhecimento de objetos, a qual esta
sendo largamente utilizada como um modelo para a investigagado dos mecanismos
neurobioldgicos da aprendizagem e da memoaria.

Visto que a maioria dos estudos de aprendizagem e a memoria utilizam
tarefas espaciais e/ou aversivas, esta tarefa fornece uma ferramenta para avaliar a
memoria ndo-espacial, ndo-aversiva, e é sensivel as manipulagbes genéticas e
farmacoldgicas (DE LIMA et al., 2005).

Os resultados deste estudo demonstram que o extrato total de V. ashei
facilita a memoéria de curta duragdo nos ratos velhos, enquanto de maneira
contrastante, facilita a memoria de longa duracédo em animais adultos (figura 1 e
2). Apos suplementacdo prolongada com o extrato de Vaccinium ashei, neste
trabalho foi observado um efeito ansiolitico em animais adultos. Entretanto, nao
foram encontradas diferengas significativas entre ratos velhos tratados e controles
(tabela 1).
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Figura 1. Efeito do tratamento prolongado (60 dias) de Vaccinium (2,6-3,2
mg/kg de antocianos) na tarefa de reconhecimento de objetos em ratos velhos.
Laténcia medida 1:30 h (STM) e 24 h depois do treino (LTM). Valores expressos
como mediana (rango interquartile), e as laténcias em segundos. n=15 por grupo.
(*) indica diferencga significativa com relagao ao grupo controle (preto) P<0,05.
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Figura 2. Efeito do tratamento prolongado (60 dias) de Vaccinium (2,6-3,2
mg/kg de antocianos) na tarefa de reconhecimento de objetos em ratos adultos.
Laténcia medida 1:30 h (STM) e 24 h depois do treino (LTM). Valores expressos
como mediana (rango interquartile), e as laténcias em segundos. n=15 por
grupo(*) indica diferenga significativa com relagdo ao grupo controle (preto)
P<0,05. (Mann—Whitney U-tests).
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Tabela 1. Pluz maze

Entradas totais Entradas % de tempo bipede
bragos abertos bragos abertos

Controle 10,40+0,81 6,00 £0,74 22,12 +1,60 10,36 £ 1,77

Tratados 12,42+1,31 6,58 £0,79 36,33 £4,27* 13,22+1,74

Tabela 1. Efeito do tratamento prolongado (60 dias) de Vaccinium (2,6-3.2
mg/kg de antocianos) em ratos adultos. Os resultados sao expressos em médias +
EPM (n= 15). (*) diferente do controle p<0,05.

Também foi possivel demonstrar pela primeira vez, que o extrato de V.
ashei administrado por via oral interagiu com o sistema serotonérgico (via
receptores 5-HT), no estriado e hipocampo de ratos adultos; porém, ndo foram

observadas diferencgas significativas em outras regides corticais (figura 3 e 4).
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Figura 3. Efeito do tratamento prolongado (60 dias) de Vaccinium (2,6-3,2
mg/kg de antocianos) na concentragdo de 5-HT (serotonina) em hipocampo de
ratos adultos. Os resultados s&do expressos em ng/g de tecido. As barras
representam as médias + EPM de 8 determinacdes. Controle (barra negra),

tratados (barra cinza). (*) diferente do controle p< 0,05.

142



6.000 + *

4.000 -

2.000 +

Concentragao ng/g

EC ET

Figura 4. Efeito do tratamento prolongado (60 dias) do extrato de
Vaccinium (2,6-3,2 mg/kg) na concentragdo de aminas (serotonina) em corpo
estriado de ratos adultos. Os resultados sao expressos em ng/g de tecido. As
barras representam as médias + EPM de 8 determinacdes. Controle (barra negra),
tratados (barra cinza). (*) diferente do controle p< 0,05.

Do mesmo modo foi possivel observar que o pré-tratamento com o extrato
produz neuroprotecao basal no hipocampo e cértex cerebral nos animais adultos,
porém nao foram observadas diferencgas significativas nos ratos velhos. Sugerimos
que esses efeitos podem estar relacionados com a formagcdo de um complexo
entre os antocianos e o DNA, estabilizando, desta forma, a molécula frente ao
ataque oxidativo. A atividade do extrato pode ainda ser atribuida a agéo sinérgica
e aditiva dos compostos presentes no extrato. Por outro lado, foi observado que
antocianos isolados por cromatografia liquida de eficiéncia (CLAE), inibem a
atividade da enzima acetilcolinesterase in vitro.

Em consonancia com a literatura (JOSEPH et al., 2005), os nossos
resultados reforcam a hipotese de que este extrato é dotado de importante
atividade sobre o SNC, e que este efeito poderia estar relacionado, pelo menos
em parte, com uma modulacao direta ou indireta das vias de sinalizacdo neuronal.
Tal inferéncia parte de evidéncias de que os sistemas colinérgico e serotonérgico
participam na modulagdo da resposta nociceptiva, bem como nos processos de
memoria e aprendizado (BARROS et al., 2005).

Entretanto, os resultados observados nos ratos velhos podem ser

decorrentes de alteragcbes nas propriedades fisicas da membrana plasmatica

143



durante o processo de envelhecimento (incremento da rigidez), o qual
provavelmente afeta a distribuigcdo intracelular dos compostos bioativos. Porém,
estes animais comecaram o tratamento com 18 meses de idade, sendo assim
parece razoavel sugerir que quanto mais cedo se inicia a suplementacdo mais
efetivo sera o tratamento (JOSEPH et al., 2005).

Neste sentido, foram obtidos avancos significativos acerca dos mecanismos
de agdo do Vaccinum Ashei, o que torna a fruta e seus principios ativos
interessantes para o aproveitamento como alimento com propriedades funcionais
naturais, sendo desnecessaria a aquisi¢ao de produtos funcionais industrializados,
normalmente com custo mais elevado, para obter os nutrientes essenciais e 0s
beneficios a saude.

Consideragdes finais: Os estudos com animais sdo promissores, mas as
evidéncias clinicas sobre a eficiéncia desse tipo de tratamento ainda sao
incipientes e necessitam de mais estudos. E fundamental para a saude do
cérebro, a longo prazo, o consumo dos diversos nutrientes em quantidades
adequadas. Contudo restam ainda muitas perguntas a serem respondidas. Como
o desempenho cognitivo pode ser melhorado pela alimentagdo em seres humanos
jovens, adultos e criancas, e quais compostos bioativos poderiam efetivamente

afetar o desempenho cognitivo?
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9 CAPITULO V






INTRODUGAO

Uma quantidade substancial de evidéncias tem indicado o papel chave dos
radicais livres e outros oxidantes como responsaveis pelo envelhecimento e pelas
doencas degenerativas associadas ao mesmo, como cancer, doencgas
cardiovasculares, catarata, declinio do sistema imune e disfungbes cerebrais
(ATOUI et al., 2005).

Espécies Reativas de Oxigénio (EROs), tais como o radical hidroxila (*OH),
anion radical superoxido (O2+—) e hidroperoxila (ROQ¢), podem oxidar lipidios e
proteinas ou causar danos ao DNA. Os EROs atacam as cadeias de acidos
graxos poliinsaturados do colesterol e dos fosfolipidios, abstraindo um hidrogénio
do grupo metileno bis-alilico, iniciando assim o processo de peroxidagao lipidica
nas membranas celulares (BARREIROS et al., 2006).

Os radicais de carbono formados podem reagir com oxigénio originando
radicais peroxila, que por sua vez podem atacar novas cadeias de acidos graxos
poliinsaturados, propagando a reagdo. Os hidroperoxidos formados na
peroxidacao lipidica tém vida curta e, quando reagem com metais, formam
aldeidos (malonaldeido, acroleina, crotonaldeido) e epodxidos, os quais sao
reativos e causam novos danos ao DNA (VALKO et al., 2004).

O processo de oxidagao lipidica se instala no organismo quando ocorre
deficiéncia no sistema natural de protecdo do organismo ou quando ha exposig¢ao
a fatores que estimulam a producéao de radicais livres, ou seja, quando fatores pro-
xidantes excedem a capacidade dos antioxidantes. Para manter o equilibrio
fisiolégico do organismo, os sistemas de oxidagao e protegdo antioxidantes devem
atuar de forma controlada sobre os sustratos susceptiveis a oxidacao
(HALLIWELL, 1999).

A producédo de radicais livres € controlada nos seres vivos por diversos
compostos antioxidantes, os quais podem ter origem endogena (superoxido
dismutase, catalase), ou serem provenientes da dieta alimentar. Destas ultimas,
destacam-se tocoferodis (vitamina E), acido ascorbico (vitamina C), carotendides e
polifendis (SOARES, 2002; OMONI et al., 2005).
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Dentre as numerosas classes de substancias antioxidantes de ocorréncia
natural, os compostos fendlicos tém recebido muita atencdo, sobretudo por
inibirem a peroxidagao lipidica e a enzima lipoxigenase e cicloxigenase. Isto
justifica estudos que avaliam o efeito inibitério de compostos fendlicos sobre
enzimas de biossintese dos eicosandides, dada sua importancia como
antioxidante e devido a implicagao destas substancias na inibicdo de enzimas
relacionadas a resposta inflamatoria (HASLAM, 1996; SOARES, 2002).

A capacidade antioxidante destes compostos deve-se as suas propriedades
redutoras e estrutura quimica. Estas caracteristicas desempenham um papel
preponderante na neutralizagcdo ou sequestro de radicais livres e quelacdo de
metais de transicdo, agindo tanto na etapa de iniciagdo como na propagacgao do
processo oxidativo. Os intermediarios formados pela agao de antioxidantes
fendlicos sao relativamente estaveis, devido a ressonancia do anel aromatico
presente na estrutura destes compostos (ZHENG e WANG, 2001; SOARES,
2002).

Embora as evidéncias sejam claras sobre a agao in vitro dos polifendis com
especies reativas de oxigénio, eles podem, em determinadas circunstancias, tal
como os carotendides, apresentar caracteristicas pré-oxidantes (HASLAM, 1996).
Este efeito esta relacionado com o fendbmeno de sinergismo entre antioxidantes,
que se produz quando uma mistura de antioxidantes tem uma atividade mais
acentuada do que a atividade dos antioxidantes individuais. Sdo conhecidos dois
tipos de sinergismo: um deles que implica na acdo de aceptores de radicais livres
misturados, e um outro que combina a agao de um aceptor de radical livre € um
quelante de metais (NACZK et al., 2002).

Na industria alimenticia, a oxidacao lipidica é inibida por sequestradores de
radicais livres. Os compostos mais utilizados com esta finalidade sao o butil-
hidroxi-anisol, butil-hidroxi-tolueno, terc-butil-hidroxi-quinona, tri-hidroxi-butil-
fenona e galato de propila. Estudos tém demonstrado a possibilidade de estes
antioxidantes apresentarem alguns efeitos téxicos, e até mesmo ser
potencialmente carcinégenos. O galato de propila, por exemplo, quando em

presenca de peroxido de hidrogénio reage com ions ferrosos formando espécies
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reativas de oxigénio, as quais podem posteriormente atacar alvos biologicos
(SOARES, 2002).

Em fungdo dos possiveis problemas provocados pelo consumo de
antioxidantes sintéticos, as pesquisas tém-se voltado no sentido de encontrar
produtos naturais com atividade antioxidante, os quais permitirdo substituir os
sintéticos. Paralelamente, objetiva-se a redugcdo do consumo de alimentos
processados de baixo potencial nutritivo bem como do emprego de produtos
sintéticos em alimentos industrializados, fortalecendo o apelo de que o alimento
deve desempenhar funcdes terapéuticas e nao trazer riscos a saude.

Na procura por alimentos mais saudaveis de uma maneira geral, o presente
trabalho teve como objetivo trazer a sua contribuicdo ao conhecimento da
funcionalidade das frutas de Rubus sp. como antioxidantes naturais e/ou como
fornecedoras de fitoquimicos com potencial preventivo e terapéutico.

Diante disso, no primeiro estudo buscamos avaliar o potencial fitoquimico
das amoras e resolvemos quantificar o teor de polifendis: flavondides e
antocianos. A composicao foi correlacionada com a bioatividade, utilizando o teste
para deteccao da atividade antioxidante frente a DPPH (BLOIS 1953) e o teste de
inibicdo da motilidade leucocitaria através do modelo de camara de Boyden
(Suyenaga, 2002).

Considerando que compostos fendlicos podem ser responsaveis pelo efeito
de protecdo contra os riscos de muitos processos patoldgicos, os resultados
obtidos no trabalho prévio, estimularam a continuidade dos estudos para avaliar a
acao antioxidante in vivo do extrato total e de substancias isoladas das amoras.
Para tanto, selecionamos como objeto de estudo o antociano majoritario (cianidina
glicosilada) presente nessas frutas, onde o mesmo foi isolado e administrado de
forma crénica nos animais.

O nosso objetivo foi avaliar os niveis de lipidios peroxidados pelo método
de DRAPER e HADLEY (1990), em diferentes estruturas cerebrais de ratos
adultos apds suplementacdo prolongada com extrato de cianidina glicosideo

isolada de frutas de amora-preta.
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Antioxidant and Chemotaxis activities of different phenolic fractions
separated from Blackberry (Rubus sp.)
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Abstract

Different cultivars of Rubus sp grown in Brazil were analyzed for antioxidant
capacity (2,2-diphenyl-1-picrylhydrazyl, DPPH) and the results related to the total
phenol content. A high-performance liquid chromatographic (HPLC) method with
photodiode array detection was used for profiles analysis. Main identified
compounds were rutin, quercitrin, hyperoside and isoquercitrin; and cyanidin 3-
glucoside was the major anthocyanin. The profile was correlated with the anti-
inflammatory activity of the extracts, in the chemotaxis of polymorphonuclear
leukocytes (PMN) model. We found that the flavonoid fractions significantly
inibited migration cellular and both total extract and fractions exhibited strong
antioxidant activity in vitro. Therefore, these in vitro results provide the biochemical

rationale for both diet design and in vivo animal and clinical studies.
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Introduction

Polyphenolic compounds, characterized by an aromatic or phenolic ring
structure, include flavonoids, phenolic acids, and lignans. These compounds are
secondary plant metabolites and an integral part of human diets'. While phenolics
historically were considered in some instances to be antinutrients, interest in food
phenolics has increased greatly because of their antioxidant capacity and possible
beneficial effects in human health, such as cardiovascular disease, diabetes, high
blood pressure, cataracs and degenerative diseases?.

The interest in functional foods has guided plant breeders of crops such as
blackberries to select genotypes with higher phenolic content and antioxidant
activity. Blackberry (Rubus sp. Rosaceae) is a fruit, originating from North America
and Europe. It is being cultivated in EMBRAPA/Clima Temperado, Pelotas
(Southern Brazil), where it is popularly known as “amora preta”.

As with other fruits, blackberries contain large amounts of phytochemicals
such as anthocyanins, flavonoids and phenolic acids that may act as natural
antioxidants in human diet, which in turn may provide health-promoting effects to
consumers®'. It is well-known that levels of phenolics profile and the antioxidant
capacity of Rubus species are influenced by maturity and that there is pronounced
variation among cultivars within a species. Concentrations will be influenced by
many factors including environmental such as degree of ripeness, cultivation site,
climatic conditions, plant disease, processing and storage of the fruit®.

Recently, some studies have been published on the chemical properties of
blackberry fruits and its products but the literature survey revealed that there are
no scientific studies carried out regarding chemotaxis activity of the fruit of
blackberry.

Because blackberry are grown in large scale in Pelotas (RS) and they are
currently being promoted as a rich source of antioxidants, the present work
focused on further characterization of berries grown in Pelotas city as possible
sources of phenolics for functional foods application. For this reason, the objectives

of this study were to investigate the variation in poliphenolic content, antioxidant
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capacity and chemotaxis activity of different cultivars of blackberries extract, and to
establish the relationship between the chemical composition and biological activity

of both total extract and fractions.
Experimental

Chemicals and Reagents

Anthocyanidins standard were purchase from Sigma (St. Louis, USA);
acetonitrile (HPLC grade) was obtained from Merck (Darmstadt, Germany) and
trifluoroacetic acid (analytical grade) was obtained from Nuclear (Diadema, Brazil).

Preparation of lyophilized fruit extract and quantification

Representative samples of Rubus blackberries (Rosaceae) were collected
at random from the cultivars: Brazos, Cherokee, Comanche, Arapho, Xavante,
Choctaw, all originally American®. And three selections Tupi, Guarani, and
Caingangue from these cultivars were also used in the mixture. Plants were
produced by EMBRAPA DE CLIMA TEMPERADO, Pelotas, RS, Brazil, and kept at
- 0.5 — 0 °C. Fresh berries from the cultivars described above were triturated
mechanically and later lyophilized and kept sheltered from light and stored at -80

°C for further use.

Compositional analyses

Total Anthocyanins Assay: total anthocyanins were isolated following the
procedure described in the European Pharmacopoeia®. Results were expressed as
milligrams of cyanidin-3-glucoside equivalent per 100 g of fruit liophilized.

Total Phenolics Assay: Total polyphenols were estimated colorimetrically
using the Folin-Ciocalteau reagent by the method of Brazilian Pharmacopoeia’
using gallic acid as a standard. The choice of Folin- Ciocalteau’s reagent (which
contains sodium molybdate and sodium tungstate solutions) for the quantification
of phenolic compounds was based on the fact that it is more sensitive and more

precise than other methods described especially. in view of the fact that, in plants,
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these constituents are usually found as heteroside derivatives, soluble in water and
other polar solvents. Thus, a wide range of phenolic compounds is quantified with
basis on their ability to react with oxidizing agents to produce compounds that
absorb at specific wavelength.

The total flavonoids: were estimated by the method of Brazilian

Pharmacopoeia’. Quantification was based on the standard curve of quercetin.

Analytical Methods

Identification and quantification of each compound was based on retention
time and UV/VIS spectra in HPLC-DAD (Waters 2695), by comparison with pure
commercial standards of known concentrations, using a X Terra column. Gradient
of mobile phase (A) water 0.1% TFA, (B) acetonitrile 0.1% TFA with a flow rate of
0.8 mL/min. Linear gradient, initial percentage of B (25%) to 15 minutes (100%); 10
WL injection. Absorption of flavonoids was registred at 356 nm. The mobile phase
was prepared daily, filtered through a 0.45 um membrane filter (Millipore) and
sonicated before use. The standard was accurately weighted and diluted in
methanol solution containing (1mg/mL). Standard solution (after dilution), was
injected separately under directed HPLC conditions to generate curves for
reference compound, and R2 values exceeding R?> > 0.99 (peak areas vs

concentration).

Validation of the analytical method

The HPLC method was validated according to well established® protocol, in
agreement with International Conference on Harmonization guidelines. The
method being examined for specificity, linearity, accuracy, precision, LOD and
LOQ*™ . For specificity validation, a volume of 10 pl of standard, sample or blank
solution was injected into the HPLC column and analyzed using an HPLC method
as described above.

The linearity between peak area and concentration was analyzed using
three calibration curves obtained in same day with standard solutions of rutin at 8

different concentrations each, ranging from 1.57 to 2.70 ug mL™". The linearity was

158



evaluated by linear regression analysis, which was calculated by the least square
regression method.

The accuracy of the method was accessed by analyzing samples of Rubus
and that were spiked with known amounts of rutin standard solutions in triplicate.
Sample recovery rate for the rutin from sample solutions were calculated as
described by Cass e Degani'?.

The precision was carried out by repeatability (within-day) and intermediate
precision (inter-day). The intra-day and inter-day precision values were obtained by
triplicate analyses for each day and also per day over a 3-day period, respectively;
and the repeatability of the assay method was evaluated by carrying out six
independent assays of sample and calculated the % R.S.D.

Detection and quantification limits were estimated by the slope and mean
standard deviation of standard rutin concentrations employed to construct the
calibration curve, according to Egs. (3) and (4).

LOD= 3.30
S
where LOD is the estimated detection limit (ug ml-'); o, the standard deviation of y

intercepts of regression lines; S is the slope of the calibration curve.

LOQ= 100
S

where LOQ is the estimated quantification limit (ug ml-'); o, the standard deviation
of y-intercepts of regression lines; S is the slope of the calibration curve. LOQ is
defined as the lowest concentration of the analyte that can be determined with
acceptable precision and accuracy under the stated experimental conditions.

Robustness is defined as the capability of an analytical procedure to remain
unaffected by small but deliberate changes in the method parameters. Sample
solutions were prepared and analyzed under the established conditions and by

varying the flow rate.
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Measurement of 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity.

In addition, the radical scavenging activity of the compounds was evaluated
by using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical test. The method
performed as described by Nakajima et al.™.
and diluted in ethanol at concentrations of 2.0, 1.5, 1.0, 0.5, and 0.25 mg/mL. The

DPPH (100 uM) radical scavenging activity obtained by each berry extract was

Each berry extract was dissolved

compared with that of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid, 97 %, Aldrich Chem. Co), an analog of vitamin E and the result is expressed

as the percentage of radicals scavenged after 30 min of reaction time.

Subjects

The subjects were adult male Wistar rats (aged 3 months), obtained from
our own breeding colony. They were caged in groups of five with free access to
food (standard certified rodent diet) and water, and were maintained on a 12-h
light/dark cycle (lights on at 07:00 h), at a temperature of 23 + 1°C. Animals were
randomly assigned to each treatment group.

The study was approved by the Animal Care and Use Committee of our
center (Universidade Federal de Rio Grande Do Sul, Porto Alegre, Brazil), and all

efforts were made to reduce the number of animals used and their suffering.

Chemotaxis assay

Two representative cultivars samples of Rubus blackberries were selected
at random for this assay ( at dose 2 mg/ml and 1 mg/ml respectively). Chemotaxis
assay in vitro was carried out by using two plates of multiwell-type Boyden
chambers that were separated (from the chemotatic stimulant, LPS) by a filter
(Millipore Corp. Bedford, Mass.), according to minor modification of the Zigmond
methods'. After the incubation 37°C, the chambers were emptied and the filters
were removed fixed and stained with hematoxylin. Chemotaxis (migration) was
measured by using themicrometer on the fine focus knob of the microscope, in
triplicate samples. Boyden technique for chemotaxis assay is recommended for

clinical investigation due to its high level standarization. The inhibition of in vitro
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migration makes it possible to predict some complications that might be avoided

during an in vivo assay.

Statistical analysis
Data are expressed as mean and standard errors and analyzed with one-
way ANOVA TUKEY. In all comparisons, p < 0.05 was considered to indicate

statistical significance.

Results

The results of previously described analysis are represented in Table 1. As
shown in the table, the contents of poliphenolics compounds subgroups
(anthocyanins, and flavonoids) were variable. Average values for the natural
antioxidants were found as 843 to 500 mg/100 g dry weight (DW), total
anthocyanins, 113 to 40, mg/100 g DW total flavonoids, and 2188 to 1206 mg/100
g DW total phenolics.

The DPPH assay was used to measure the total antioxidant activity of
blackberry. Various phytochemical components, including the flavonoids,
anthocyanins, and phenolic acids are known to be responsible for antioxidant
capacity in fruits. Among the cultivars assayed, the values were found to be in the
range of 48 to 83 % (figure 1). The antioxidant capacity may be related to the
content of phenolic compounds in these blackberry samples.

Total extracts and flavonoids fraction also (table 2), inhibited chemotaxis of
leukocytes in rats (in vitro) when compared to control group. Results similar to ours
have been reported for purified flavonoid' for exemple, quercetin, isoquercitrin,
rutin, and quercitrin, hence the inhibitory activity can be attributed to these
compounds. The mechanisms through which extract exerts its actions still remain
incompletely understood, and require further studies.

HPLC chromatographic profiles of liophilized blackberry flavonoids were
qualitatively similar yet quantitatively very different. This HPLC method has been

validated revealing good specificity for the analysis of the flavonoids contained in
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berries. The separation process was performed within 15 min. A good separation
effect for these compounds was obtained with our methodology.

Simultaneous quantification of all these compounds in a single operation is
much more convenient than using several separate procedures, especially for
routine analysis or for a large number of samples. One of the greatest advantages
is the simplification of the overall analytical process, for example, by reducing the
frequency of changing the separation system, reducing the number of mobile
phase preparations, and reducing the number of times the calibration curves have
to be made, as well as the number of sample injections.

Quantification parameters for Rubus using the above-described analytical
HPLC method were examined. The results are presented in chapter 1. We further
identified the main active components of Rubus as rutin, quercetrin hyperoside,
isoquercetrin, an ordinary flavonoid that is ubiquitous in nature, as well as the most

commonly encountered flavonoids in vegetable foodstuffs.

Discussion

The amounts of flavonoids, anthocyanins, and poliphenols total found in
extracts of whole berries of Rubus sp. cultivars randomly collected from the states
of Rio Grande do Sul, Pelotas were variable (Table 1). These variations may be
due to the type of the cultivars, annual factors, postharvest storage conditions and
processing. The average total anthocyanin contents among blackberries cultivars
are 113.55, 84.12, and 116.59 mg/ 100 g dry weights (DW). Wang et al. 36
reported the total anthocyanin contents of some fruits, including blackberry, as 7-
495 mg 100 g-1. Recently, anthocyanins was reported in Rubus L from Georgia, at
levels of approximately 116 to 256 mg/g fresh weights (FW). These levels,
however, were reported in grams of fresh berries and could not be compared with
data in this study, which were analyzed in lyophilized berries.

Low levels of poliphenols (including flavonoids) were found in this study as
compared with those from North Carolina, Mississippi, Georgia and Oregon™*. It

was not possible to compare the Rubus poliphenols levels obtained in this study
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with those reported in the literature because the literature values were based on
fresh weights and not the whole fruit as presented here. Data on the Canadian and
Georgia samples are included for information purposes.

Phenolic matters also have a high antioxidant activity and they give a strong
contribution to the antioxidant power, so there is a linear correlation between total
phenolic content and antioxidant activity of small fruits. Data presented here
indicate that, blackberries extract have the highest antioxidant capacity, as
estimated using DPPH test (figure 1). The most consistent and highest correlations
were those between total poliphenols and antioxidant capacity (Table 1).

However, scarce information is available on the contribution of different
phenolic subgroups in this observed activity. In a separate analysis in each of the 2
fraction collected there was found a positive relationship between DPPH and
fraction (data not shown). Notably, both fractions showed strong levels of radical
scavenging activity (36% and 28% respectively) to total berry extract (71.23%).
These results confirm previous reports that poliphenols were better correlated with
antioxidant capacity than were anthocyanins. Poliphenols encompass a wide range
of compounds with distinct structural and functional properties, such as antioxidant
activity that depend on structural features like the number of available hydroxyl
groups, therefore, the antioxidant capacity of a Rubus containing a mixture of
poliphenolic will depend on the specific phenolic profile which can be qualitative
(type of phenolics present) or quantitative (the relative amounts or proportions of
phenolics present)'.

HPLC chromatographic profiles of liophilized blackberry were qualitatively
similar yet quantitatively very different. Nonetheless, one anthocyanin patterns
were observed, it consisted of cyanidin 3-glucoside as the major pigment. These
patterns are consistent with previous investigations from other laboratories’*. This
HPLC method has been validated revealing good specificity for the analysis of the
flavonoids contained in berries.

Quantification of the major flavonoids from 9 Rubus samples was

undertaken using the above-mentioned analytical method. The qualitative
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composition of blackberry flavonoids was similar for all cultivars yet quantitatively
very different the results are as indicated (previosly shown in capitulo 1).

We further identified the main active components of Rubus as rutin,
quercetrin (heterosides of quercetin) hyperoside, isoquercetrin, an ordinary
flavonoid that is ubiquitous in nature, as well as the most commonly encountered
flavonoids in vegetable foodstuffs. Additionally, numerous studies describe the
different biological effects that are attributed to flavonoids. These include
antioxidation, antiinflammation effects, and antiplatelet action and they inhibit
enzymes whose expression and/or activity increase in inflammatory processes
among others "®17.

Some flavonoids, especially quercetin, are reported to protect low-density
lipoprotein from oxidative damage in vitro and are thought to reduce the risk of
cancer. Hyperoside has anti-inflammatory and enhances the antioxidative capacity
'®  Rutin was reported to act as an efficient radical inhibitor and have a
neuroprotective effect against ischemia and reperfusion induced cerebral injury.
Quercitrin shown anti-inflammatory activity in intestinal inflammation rat model '%%°.

At the both dose used in the experiments (1 and 2 ug), the total extract and
the flavonoids fraction exhibited the similar pattern of chemotaxis inhibition. The
anti-inflammatory activity has been correlated with the presence of similar
flavonoids in the extract. This property was not observed with the anthocyanins
fractions. Besides confirming the direct correlation between the total flavonoid
compounds in the fruit extract of Rubus and the anti-inflammatory activity. Although
it remains unclear which flavonoids component of Rubus shows effects on
chemotaxis in vitro, the abilities of Rubus may be a collaboration of
multicomponents in the flavonoids fraction.

Conclusion, the anti-nociceptive activity of Vaccinium ashei were evaluated
using both chemical and thermal methods of nociception in mice. These methods
are used to detect central and peripheral analgesics. From the results it could be
concluded that the extracts exhibit anti-nociceptive activity by central as well as
peripheral mechanism(s). Therefore, these in vitro studies provide the biochemical

rationale for both diet design and in vivo animal and clinical studies.
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Table 1. Individual Anthocyanins, flavonoids and poliphenols in blackberries
(values are averages of triplicate analyses).

Blackberries (Rubus sp.)
Cultivars anthocyanins flavonoids polyphenols
(mg/100g fruit liophilized)

Comanche 681+ 5.50 102 £ 0.90 2188 + 0.06
Xavante 583 + 4.93 94 + 0.66 1799 £ 0.02
Choctaw 785+ 5.20 78 £ 0.57 1706 + 0.05
Brazos 843 + 2.00 55+ 0.88 1605 £ 0.02
Arapho 860 + 0.88 113+ 0.33 1513 £ 0.03
Caingangue 500 + 1.86 67 £ 0.66 1399 £ 0.02
Guarani 627 +4.93 96 + 0.57 1310 £ 0.10
Tupy 650 + 3.51 40 £ 0.88 1301 £ 0.02
Cherokee 524 +2.90 75+ 0.58 1206 +0.02

Table 1. Total anthocyanins were expressed as cyanidin-3-glucoside
equivalents expressed per 100 g of fruit liophilized. Poliphenols and Flavonoid
concentration based upon gallic acid or quercetin respectively as standard
expressed per 100 gram of liophilized fruit.
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Table 2. Chemotaxis inhibition of flavonoids fraction.

Groups Migrated Distance (um)

Control 120+ 3.0
Extrato total from Rubus 80 +2.0*
Flavonoids fraction from 12 + 0.5*

Rubus

Table 2. Effect of Rubus flavonoids fraction on chemotaxis assay in vitro.
Data are expressed as means + SEM. (*) significant difference from the control, p<
0.05.
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Figure 1. Radical scavenging activities of Rubus sp. extracts. Extract was
dissolved in ethanol at concentrations of 2.0, 1.5, 1.0, 0.5, and 0.25 mg/mL of
anthocyanins. The Rubus extracts were incubated with DPPH for 30 minutes, and
the absorbance at 517nm due to DPPH radical was determined. Trolox was used

as a control.
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Abstract

Blackberries growing in Brazil were analyzed for total anthocyanins, by high-
performance liquid chromatographic method with photodiode array detection and showed
cyanidin 3-glucoside as the major anthocyanins. In addition it was tested the efficacy of
oral (3.6 mg/kg day) administration of cyanidin 3-glucoside isolated from Rubus sp. on
lipid peroxidation in brain rats. It was found that the cyanidin extract significantly reduced
lipid peroxidation in hippocampal tissue. This result suggests that the purified cyanidin 3-
glucoside is bioavailable and also of high physiological relevance. To the author’s

knowledge, this is the first study of efficacy of cyanidin-3-glucoside on neuroprotection.

Key words: cyanidin 3-glucoside, lipid peroxidation, hippocampus
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Blackberries (Rubus sp.) are a rich source of dietary phenolic compounds such as
anthocyanins, flavonoids as well as proanthocyanidins that may act as normal antioxidants
in our diet. Previous reports have been done on blackberry anthocyanins, and their
identities have been well-characterized as being solely cyanidin-based compounds. In
particular, five anthocyanins are detected and cyanidin 3-glucoside was the major
anthocyanin (1, 2).

It is of great relevance to study thoroughly the actions of the glycosylated
compounds since they are the native forms occurring in plant as well as in fruit extracts.
The role of glucosides in diets has become even more significant as it was suggested that in
the human and rodents gastrointestinal tract flavonoids, including some anthocyanins may
be absorbed as intact glucosides into the circulation, and that they are able to cross the rat
blood-brain barrier after (blueberry, blackberry) supplementation, suggesting that these
compounds can feasibly have a direct effect on brain processes (3,4).

Otherwise, results from experimental studies have reported a protective role in
cognitive function (5), and different pathologies (6). Thus, it is important to identify and
quantify these important compounds, and the mechanisms responsible for those effects.

The objective of this research, was to investigate the anthocyanins of Rubus
cultivars. For the evaluation we tested the efficacy of cyanidin-3-glucoside extracted from
blackberries on lipid damage in brain rats. Plants were produced by Embrapa De Clima
Temperado, Pelotas, RS, Brazil, and kept at - 0.5 - 0°C (7). Fresh berries were triturated
mechanically and later lyophilized and kept sheltered from light. Identification of each
compound was based on retention time and UV spectra in HPLC-DAD (Waters 2690), by
comparison with pure commercial standards of known concentrations, using a C18 reverse-
phase column. Gradient of mobile phase (A) water with 0.8% TFA, (B) acetonitrile 0.8%
TFA with a flow rate of 0.7 mL/min, absorption of anthocyanins were detected at 520 nm.
We have used cyanidin chloride the standar was diluted in methanol solution containing 2
N HCI (Img/mL). Total Anthocyanins, was determined according to the procedure
described in the European Pharmacopoeia (2002)

For cyanidin-3-glucoside extraction, the Rubus extract was dissolved in methanol
and separated on an preparative on a MPLC apparatus (BUCHI), aliquots of extract were

repeatedly fractionated. The solvent was removed in a rotatory evaporator and were

172



redissolved in water and immediately administrated in the animals. During this experiment
the adult Wistar rats consumed 3.2 - 3.6 mg/kg/day (oral), of anthocyanins for 30 days. The
experiments were performed according to the “Principles of Laboratory Animal Care and
Use in Research” (Colégio Brasileiro de Experimentagdao Animal - COBEA/UFRGS, RS-
Brazil). The animals were sacrificed by decapitation at 24 h after the last extract
administration. Hippocampi, striatum and cerebral cortices were dissected out immediately
after the rat was sacrificed. As an index of lipid peroxidation, we used the formation of
TBARS during an acid-heating reaction, which is widely adopted as a method for
measurement of lipid redox state, as previously described (8). Results are expressed as
nmol TBARS/mg protein (9).

Experiments from our and other laboratories have shown that supplementation with
berries rich in anthocyanins are effective in reducing oxidative DNA damage in brain tissue
in vitro, and are beneficial in reversing age-related neuronal and behavioral changes
(5,6,10). However, there are few reports on biological activities of these purified
compounds, related with neuroprotective effects, probably due to the poor availability and
high price of the commercial anthocyanin standards.

It has been proposed that cyanidin (aglycone) inhibited H,O;-induced lipid
peroxidation in the cortical tissues, by acting as O, ~ scavengers and O, quenchers and also
reacts with peroxy radicals which are responsible for radical chain reactions during lipid
peroxidation (11). The present study found that the cyanidin-3-glucoside, extracted from
Rubus fruit significantly decreased lipid peroxidation processes in hippocampal tissues in
basal conditions (Fig. 1). This effect was not sufficient to significantly decrease lipid
damage in striatum and cerebral cortices after treatment, although it is possible that a
protective effect could be observed after long treatment times period. It is also possible that
an anthocyanin compound exerts a site specific action, which is related to the cell origin
and distribution of anthocyanins. Likewise, it has been recently shown that blueberry
supplementation and cognition are positively correlated with the number of different
anthocyanin compounds (not their total amounts) found in the distinct brain regions (3).

In conclusion, cyanidin-3-glucoside may be a significant factor in maintaining
neuronal integrity and preventing lipid peroxidation. Given these results, it is important to

determine if the neuronal protection provided by cyanidin-3-glucoside administration
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translates into improvements in behavioral function such as age-related deficits in cognitive
performance. Further studies are in progress to assess the in vivo antioxidant potential of

cyanidin-3-glucoside in behavioral performance.
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Figure 1. Effects of chronic supplementation of cyanidin-3-glucoside on lipid
peroxidation in adult rat hippocampus. Data are mean + SD of 10 animals per group
performed in triplicate. Results are expressed as nmol TBARS/mg protein. * Different from
the respective control group p < 0.05 as determined by one-way ANOVA followed by
Tukey’s test.
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10 DISCUSSAO






No passado os alimentos eram tidos principalmente como fontes de
substancias essenciais para o preenchimento dos requisitos nutricionais basicos.
A partir dos anos 80 o interesse em encontrar antioxidantes naturais para o
emprego em produtos alimenticios ou para uso farmacéutico tem aumentado
significativamente, com o intuito de substituir os antioxidantes sintéticos, os quais
tém demonstrado potencial cancerigeno e outros efeitos indesejaveis a saude
humana (ZHENG e WANG, 2001).

Alimentos funcionais ou nutracéuticos, termos que se referem aos alimentos
ou aos ingredientes isolados a partir de alimentos que trazem beneficios
fisiolégicos a saude, constituiram um dos principais focos da industria de
alimentos nos anos 90. O crescimento mais acentuado ocorreu os ultimos 5 anos
e esta tendéncia deve continuar ascendente na medida em que se intensificam as
pesquisas cientificas a respeito dos componentes bioativos presentes nos
alimentos e seu papel para a manutengdo da saude. Os estudos estdo
centralizados nos compostos fendlicos, pois eles agem como receptores de
radicais livres interrompendo a reagcdo em cadeia provocada por estes radicais
(BARREIROS et al., 2006).

Um dos pontos cruciais nesse sentido € determinar quais séo os niveis
otimos dos compostos bioativos que estdo em estudo. Esta € uma questao central
no marco da seguranga alimentar e nutricional, uma vez que pode trazer
problemas para a saude se a dosagem nao for adequada. Existe, portanto, a
necessidade de se realizar maior numero de pesquisas sobre as substancias
biologicamente ativas para determinar os efeitos benéficos especificos, niveis
maximos e minimos de ingestdo, com garantia de eficacia e auséncia de riscos de
toxicidade e para avaliagdo de ocorréncia de efeitos colaterais de longo prazo.
Diante do exposto, selecionamos o mirtilo e a amora-preta como objeto de nosso
estudo visando inclui-los no rol dos alimentos funcionais.

A identificagao dos constituintes foi realizada por CLAE acoplado a detector
de arranjo de fotodiodos e comparagdo do tempo de retengdo de amostra.
Avaliando-se o pico referente ao marcador encontrado no cromatograma da

especificidade, pode-se considerar o método proposto especifico, pois em todas
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faixas analisadas o pico ndo apresentou variacdo nos seu maximo de absorvancia
indicada no CLAE/PDA.

A precisdao dos métodos foi avaliada mediante a determinacdo dos
parametros repetibilidade e precisdo intermediaria da solucédo extrativa. O desvio
padrao foi determinado e analisado através da medida das areas do pico de
interesse presente na amostra. Analisando-se os resultados pode-se dizer que os
métodos desenvolvidos para caracterizar as amostras de Vaccinium ashei e
Rubus sp. demonstram repetibilidade e precisdo em suas analises.

Os métodos mostraram ser exatos quanto ao valor da substancia quimica
de interesse recuperada para as analises realizadas com Vaccinium ashei e
Rubus sp. Observou-se que tanto LD quanto LQ estdo inseridos nos valores
utilizados para a construgao da curva do marcador, tal fato ndo comprometeu os
valores de DPR% obtidos indicando que o método cromatografico utilizado
apresenta boa sensibilidade.

Em relacido ao teste de robustez, as mudancas estabelecidas n&o alteraram
significativamente o cromatograma, assim €& possivel afirmar que o método
desenvolvido é capaz de suportar mudancas na coluna, no gradiente, € no fluxo
da fase movel. De uma maneira geral, os dois métodos analiticos propostos neste
estudo poderiam ser adotados para a avaliagdo das amostras de Rubus sp. e
Vaccinium ashei, e pode-se inferir que os métodos em questdo estdo validados,
garantindo confiabilidade aos resultados obtidos.

Sellappan e colaboradores (2002) estudando a composi¢cao quimica de
varios cultivares de Vaccinium e Rubus, destacaram a grande riqueza de
flavondides presentes nestes géneros estudados. No presente estudo, foram
identificados os flavonodides: quercitrina, isoquercitrina, e hiperosideo em ambos
géneros; sendo que a rutina foi detectada apenas em cultivares do género Rubus
sp. A partir da analise cromatografica, também foram caracterizadas cinco
antocianidinas, ja conhecidas, no género Vaccinium ashei: delfinidina, cianidina,
petunidina, peonidina e malvidina. A comparac¢ao dos perfis cromatograficos e a
caracterizagdo dos compostos presentes nas cultivares mostraram que o perfi

quimico é muito semelhante, porém quantitativamente diferente. Com relacdo ao
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género Rubus sp. foi observado que cianidina é a principal antocianidina presente
nestas frutas. Essa diversidade de resultados obtidos para as diferentes amostras
esta de acordo com varios autores, que sugerem que a composi¢ao quimica dos
compostos principais encontrados nestas frutas €& quantitativamente distinta,
dependendo das diferengas regionais, de fatores genéticos e ambientais, mesmo
quando originarios da mesma regido (PRIOR et al., 1998; SIRIWOHARN et al.,
2004).

O isolamento seguido de identificagdo dos constituintes mais importantes
de um vegetal, responsaveis ou nao pela agao biolégica do mesmo, permitem
identificar a espécie vegetal e conjuntamente com ensaios de atividade bioldgica,
analisar e caracterizar fragdes ou substancias bioativas. A atividade antioxidante é
um parametro vastamente utilizado (em conjunto com outros) para caracterizar
diversos materiais bioldgicos. Esta atividade esta relacionada com compostos
capazes de proteger um sistema bioldgico contra os efeitos danosos de reagdes
que causam oxidagcdo excessiva, envolvendo espécies reativas de oxigénio
(nitrogénio) (ARNAO, 2000).

O progresso de diferentes reagdes cinéticas depende da natureza do
antioxidante avaliado. Podem ocorrer trés tipos de comportamentos cinéticos entre
as amostras: cinética rapida, atingindo o final da reacdo em menos de 1 minuto;
cinética intermediaria quando o final da reacdo é atingido em até 30 minutos e
cinética lenta quando a reacao demora mais de uma hora para finalizar (BRAND-
WILLIAMS et al., 1995; NIKI, 2002). Neste estudo, ndo foram observadas
variagcdées no perfil cinético das reagbes de consumo do DPPHe+ entre os extratos
etandlicos de cada amostra independentemente da cultivar utilizada.

Outro modo para analisar a capacidade antioxidante das amostras frente ao
radical livre DPPHe & avaliar a porcentagem de degradagao deste radical livre,
fixando a concentracdo de extrato e avaliando a cinética de tempo reacional. Os
dados de atividade antioxidante para os extratos analisados, estdo de acordo com
outros autores que afirmam que a atividade antioxidante é determinada nao
apenas pela reatividade do antioxidante contra o radical livre, mas também pela

concentracao do antioxidante utilizado (NIKI, 2002). Entre as amostras coletadas
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tanto de Rubus sp. quanto de Vaccinium ashei, as que apresentaram maior
atividade foram aquelas com maiores teores de polifendis totais, sugerindo uma
grande influéncia destes compostos na atividade anti-radical livre das amostras.

Evidéncias descrevem a atividade destes principios ativos sobre os efeitos
de alguns mediadores quimicos da inflamag¢ao, como a bradicinina, prostaglandina
e a serotonina, agindo sobre a fosfolipase A2, portanto sobre o acido araquidénico
(CARVALHO, 1999; CALIXTO et al., 2003). No presente trabalho, foi realizada a
avaliagdo da atividade anti-quimiotatica in vitro de duas fragdes (flavonodides e
fendlicos totais) e comparadas com o extrato total (FARSKY, 1994). Através do
ensaio in vitro, verificou-se que a fracdo dos fendlicos totais ndo apresentou
atividade inibitéria frente a migracdo leucocitaria, quando comparada com o
controle, enquanto que a fracdo flavonoidica apresentou atividade altamente
significativa. Considerando que a fracao flavonoidica de Vaccinium ashei e Rubus
sp. apresenta como constituintes majoritarios hiperosideo, isoquercitrina, e
quercitrina, sugere-se que a atividade demonstrada esteja relacionada a um
possivel sinergismo entre os compostos como foi previamente verificado por
SUYENAGA (2002).

O interesse para o uso clinico de substdncias com atividade analgésica
utilizadas para o tratamento de diferentes tipos de dor (de origem neurogénica ou
inflamatoria), vem aumentando consideravelmente. Varios modelos experimentais
de nocicepgdo podem ser utilizados para estudar a atividade analgésica de
extratos e compostos isolados. Esses modelos possuem caracteristicas proprias
que devem ser consideradas, tais como simplicidade, reprodutibilidade, validade
dos resultados e a possibilidade de serem correlacionados com estudos clinicos
(DICKENSON, 1995).

Neste estudo, os animais tratados com o extrato de Vaccinium ashei e com
o diclofenaco sddico, ndo apresentaram diferenga significativa durante a primeira
fase do teste de formalina sub-plantar (0-5 min) em relagdo ao grupo controle, ao
contrario da morfina, que protegeu efetivamente os animais da dor. No entanto,
durante a segunda fase (20-25 min), o grupo tratado com a dose de 6,4 mg/kg

apresentou diferenga significativa quando comparado ao grupo controle.
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Entretanto, apds tratamento crénico, todos os grupos tratados obtiveram
resultados significativamente diferentes quando comparados ao controle. Isto
sugere que o extrato de Vaccinium ashei apresentou agao antinociceptiva na dor
de origem inflamatdria, assim como o diclofenaco sédico (controle positivo).

Verificou-se também que os animais tratados com Vaccinum ashei, nas
doses de 3,2 e 6,4 mg/kg apresentaram uma porcentagem de 27%, e 46%
respectivamente, na inibicdo das contorgdes abdominais apds o tratamento agudo,
com relagéao ao grupo controle, e de 27% para ambas doses apos a administragao
cronica. Houve um aumento do limiar de dor analisado através do teste de
contorgao abdominal em ambas as doses, demonstrando um alto efeito analgésico
periférico do extrato de Vaccinium ashei comparavel ao diclofenaco sdédico.

No teste de Hot-plate verificou-se em cada tempo, que os animais tratados
com Vaccinium ashei reagiram mais rapidamente ao estimulo térmico do que os
controles. A analise em relagdo a analgesia central demonstrou que o extrato nas
doses previamente mencionadas apresentou eficacia quando comparado aos
grupos controles positivos, morfina e diclofenaco sddico.

No modelo da elevagcdo da cauda (LE BARS et al, 2001), o grupo de
animais tratados de forma aguda com o extrato de Vaccinium ashei na dose de 6,4
mg/kg e morfina apresentaram um maior tempo de permanéncia da cauda sobre a
fonte de calor, quando comparados ao grupo controle. Esta diferenga foi
observada a partir dos 30 min apos a administracdo das drogas, permanecendo
até o final do teste. Apos tratamento crénico, somente os animais tratados com
morfina e com a maior dose do extrato de Vaccinium ashei apresentaram
diferencas significativas, desde o tempo zero, mantendo-se até o final do teste. Os
animais que receberam diclofenaco sodico e extrato na dose menor nao
apresentaram diferencas significativas. O teste nos permitiu obter mais
informacdes sobre a acido do extrato de Vaccinium ashei, uma vez que o reflexo
de retirada da cauda é de integragcdo medular. Além disso, os testes de tail-flick e
placa quente nos permitem verificar o tempo de acdo das doses estudadas. Em
funcado dos resultados obtidos, podemos dizer que o inicio da agao do extrato

ocorre a partir dos 30 minutos apds a administragao por via oral.
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SUBARNAS e WAGNER (2000) observaram que o extrato de antocianos
apresentou atividade antiinflamatoria relacionado com a inibicdo da cicloxigenase
e do TNF-a. O TNF-a é considerado uma citocina inflamatéria primaria, devido seu
papel de iniciar a cascata de ativagdo de outras citocinas (IL-1B, IL-6 e IL-8),
sendo que o ponto final da cascata resulta na ativacao da cicloxigenase-2 (COX-2)
(SOMMER e KRESS, 2004). WANG e colaboradores (1999) analisaram a agao da
cianidina isolada e observaram que esta apresenta atividade antiinflamatdria
comparavel a diversos agentes antiinflamatérios n&o esterdides (NSAIDs) como
naproxeno, ibuprofeno e aspirina (WANG et al., 1999, 2000).

Outros polifendis, presentes no extrato de Vaccinium ashei tais como o
acido clorogénico, quercitrina, hiperosideo e a isoquercetrina, foi demonstrado que
inibem a atividade das enzimas cyclooxygenase e lipoxigenase; ambas enzimas
estao relacionadas com a liberacdo do acido araquidonico, o iniciador da resposta
inflamatorio (MIDDLETON et al., 2000; NIJVELDT et al., 2001). Portanto, sugere-
se que o mecanismo antinociceptivo do extrato de Vaccinium ashei esteja
nao podem ser excluidos. Corroborando desta forma o uso popular das frutas
vermelhas em condi¢cbes dolorosas e inflamatdérias como a gota e artritis.

JOSEPH e colaboradores (1998, 1999, 2003) reportaram que a
suplementacdo com frutas do vermelhas ricas em antocianos reverte os efeitos
deletérios causados pela idade, e melhora a atividade locomotora em ratos velhos.
Dentro deste contexto os mesmos autores reportaram que a suplementagdo com
frutas do género Vaccinium exerce efeitos sobre a atividade dos receptores
muscarinicos-colinérgicos, a proteina quinase (PKC), as proteinas quinases
ativadas por mitégenos (MAPK), bem como na sintese de novas proteinas
induzidas pela cascata de ativacdo AMPc/PKA/CREB (JOSEPH et al., 2005).
Estas moléculas, por sua vez, estdo envolvidas na formacédo e consolidacdo da
STM e da LTM, e também com a modulagcdo da memdéria em diversas estruturas
cerebrais (MICHEAU, 1999).

Em concordancia com a literatura os resultados obtidos com os

experimentos apresentados no capitulo 5 fornecem as evidéncias necessarias
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para comprovar experimentalmente que a suplementacdo com o extrato de
Vaccinium ashei facilita a memoéria de curta duragado (STM) e de longa duragao
(LTM) em tarefas aversivas e ndo aversivas (esquiva inibitéria e reconhecimento
de objetos respectivamente). Neste trabalho, também foram avaliadas as
memorias de referéncia e memdria operacional (OLTON et al., 1979), bem como o
aprendizado espacial no labirinto radial de 8 bracos. Os animais tratados por 30
dias com o extrato de Vaccinium ashei, apresentaram diferenga significativa
durante a primeira fase do teste, em relagdo ao grupo controle. Isto sugere que o
extrato facilita o processo de aquisicdo da informacdo, porém nao altera a
memoria de referéncia (SHUKITT-HALE et al., 2004, 2006).

Em consonancia com JOSEPH e colaboradores (1998, 1999) observamos
um aumento na atividade locomotora em animais adultos tratados com o extrato
de Vaccinium ashei. N6s sugerimos que o mecanismo de agao do extrato esteja
relacionado a um efeito sobre o sistema nervoso periférico; porém, o mesmo nao
afeta o processo de habituagdo no campo aberto, pois ambos grupos (controle e
tratado) ndo apresentam diferenga significativa no decréscimo da atividade
locomotora durante a sessé&o de teste.

Evidéncias recentes sugerem que certos flavondides alteram as
concentragbes da enzima monoamino oxidase (MAQO), e modulam a transmissao
dopaminérgica e serotonérgica em diferentes estruturas cerebrais de roedores
(VIANA et al., 2005). O sistema serotonérgico, por sua vez, participa do processo
de formacao e conversdo de STM a LTM via AMPc/PKA/CREB, e um aumento de
sua atividade esta relacionado com a diminui¢do dos niveis de ansiedade (DOS-
REIS-LUNARDELLI et al., 2007).

ApoOs suplementagdo prolongada com o extrato de Vaccinium ashei,
observamos um efeito ansiolitico na tarefa de labirinto em cruz elevado bem como
um aumento nas concentragdes de 5-HT no corpo estriado e hipocampo de ratos
adultos; porém, ndo foram observadas diferengas significativas em outras regides
corticais, bem como nas quantidades de dopaminas (PELLOW et al., 1985;
RODGERS e COLE, 1994; STEFFEN, 1994). Estudos adicionais sao necessarios

para esclarecer se a acdo sobre o SNC de Vaccinium ashei ocorre diretamente
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nos receptores serotonérgicos, ou indiretamente via liberagdo de serotonina
enddgena. Desta forma, se considera plausivel que a administragao de Vaccinium
ashei facilite o desempenho comportamental realgando as vias de sinalizagao
neuronal.

De acordo com os resultados obtidos nestes experimentos, realizados para
verificar a atividade protetora do extrato de Vaccinium ashei, é possivel afirmar
que os animais adultos tratados com o extrato na dose de 3,2 mg/kg apresentaram
neuroprotecdo basal. Também foi possivel observar que o pré-tratamento dos
animais velhos com o extrato, foi capaz de reverter o dano in vitro promovido pela
administracao de H,O, no coértex cerebral. Alguns estudos sugerem que esses
efeitos poderiam estar relacionados com a formagado de um complexo entre os
antocianos e o DNA, estabilizando desta forma a molécula frente ao ataque
oxidativo (BEATTIE et al., 2005). A atividade do extrato pode ainda ser atribuida a
agao sinérgica e aditiva dos compostos presentes no extrato, uma vez que nossos
estudos fitoquimicos apontam a presenca de varios compostos desconhecidos,
além daqueles ja identificados e isolados.

Entretanto, os resultados observados nos ratos velhos podem ser
decorrentes de alteracbes na estrutura e nas propriedades fisicas da membrana
plasmatica durante o processo de envelhecimento (incremento da rigidez), o qual
provavelmente afeta a distribuicdo intracelular de antocianos (CANTUTI-
CASTELVETRI et al., 2005; SHUKITT-HALE et al., 2008). Além disso, & provavel
que a origem celular determine o grau de sensibilidade frente ao estresse
oxidativo, e tais diferencas intrinsecas poderiam explicar nossos resultados
(BARTUS, 1990). Novos experimentos para elucidar os mecanismos envolvidos
com esta atividade protetora deverdao ser realizados, porém envolverdao a
padronizagdo de novas metodologias e estudos in vitro/in vivo para confirmagao
dos resultados.

Em consonancia com a literatura (JOSEPH et al., 2005), os resultados
obtidos no ensaio autobiografico realizado mostraram que antocianos isolados por
CLAE sao capazes de inibir a atividade da enzima acetilcolinesterase in vitro

(MARSTON et al., 2002). Estes dados sugerem que este mecanismo poderia estar
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relacionado indiretamente aos efeitos comportamentais observados neste
trabalho, visto que ha evidéncias de que o sistema colinérgico participa na
modulagdo da resposta nociceptiva, bem como nos processos de memoria e
aprendizado (BARROS et al., 2004a,b; 2005). Porém, outros ensaios in vivo € in
vitro s&o necessarios para corroborar os resultados.

Nos experimentos realizados in vivo neste estudo, observou-se também
que a cianidina isolado a partir de Rubus sp. e administrada oralmente por 30 dias,
apresentou atividade neuroprotetora significativa, quando avaliada pelo método de
TBARS. Desta forma, foi demonstrado que a cianidina isolada é capaz de
atravessar a barreira hematoencefalica, incorporar-se ao SNC, especificamente no
hipocampo, e exercer efeito protetor. Contudo, estudos adicionais, principalmente
de biologia molecular, sdo ainda necessarios para a confirmagdo do mecanismo
de acado desse composto.

Os resultados obtidos neste estudo reforgam a hipotese de que este extrato
€ dotado de importante atividade sobre o SNC, e que este efeito poderia estar
relacionado, pelo menos em parte, com uma modulagao direta ou indireta das vias

de sinalizagao neuronal.

10.1 Consideragées finais

Durante as ultimas décadas a preocupagao do consumidor em relagao a
qualidade dos alimentos cresceu significativamente, juntamente com a procura por
alimentos funcionais ou componentes alimentares ativos fisiologicamente. Esses
compostos sdo importantes desde o ponto de vista nutricional porque podem
prevenir o aparecimento de doencas cronicas nao-transmissiveis que sao
caracteristicas da transicao nutricional. Isto € a atual tendéncia em substituir o
consumo de frutas e vegetais, que sdo ricos em compostos bioativos, por
alimentos ricos em agucares e lipidios, tais como doces e refrigerantes.

Em consonancia com a literatura, os resultados deste estudo suportam a
hipétese de que as frutas vermelhas estdo dotadas de compostos bioativos que

poderiam reduzir o risco de ocorréncia de doencgas, promovendo beneficios a
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saude além de aumentar a Qualidade de Vida, incluindo os desempenhos fisico e
cognitivo. Estes dados levam a concluir que o uso de frutas vermelhas como
mirtilo e amora-preta deve ser incentivado na dieta diaria por pessoas que
possuem ou desejam prevenir doengas de fundo neuroldgico e outras doencgas

correlacionadas (figura 5).
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Figura 5. Efeito fisiolégico da suplementagdo com mirtilo.
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Tendo-se em vista que a informacédo quanto ao conteudo de nutrientes e de
outros componentes dos alimentos, € necessaria para a construgao de tabelas de
alimentos com dados analiticos essencialmente nacionais e confiaveis, obtidos por
metodologia apropriada. Cabe mencionar que dados fitoquimicos gerados nesta
investigacdo serao utilizados para a elaboracdo da Tabela Brasileira de
Composigdao dos Alimentos (TBCA-USP, BRASILFOODS). Esse tipo de
informacgéo € essencial para o campo de nutricdo, saude e seguranga alimentar
como também para a economia por causa das exportagoes.

De modo geral, os estudos em laboratério tém fornecido significativas
informacdes sobre os efeitos da dieta e a ocorréncia de doengas e seus
mecanismos de acdo, entre tanto, resultados obtidos de estudos experimentais
nao podem ser relacionados diretamente para humanos, pois sofrem a
extrapolacdo de resultados (diferencas entre as espécies podem invalidar as
generalizagdes), e por tal motivo deveriam ser considerados como dados de apoio
para suportar uma alegacao.

Entretanto, nos estudos realizados em laboratérios pode-se adotar
rigorosos controles, que servem como parametros para a comparagao de
resultados além de ser possivel a avaliacdo de varias hipoteses, previamente
estabelecidas sobre a ingestdo de um alimento e sua capacidade de modificar
fisiologicamente algumas fungdes do organismo.

Desse modo, nés podemos alegar que a utilizacdo destas frutas vermelhas
como alimentos funcionais e/ou como fornecedoras de fitoquimicos com potencial
preventivo e terapéutico € promissora e podera constituir uma mais-valia e uma
fonte extra de rendimento para os agricultores que se dediquem ao cultivo destas

especies.
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11 CONCLUSOES






Apés a analise dos resultados obtidos neste trabalho com Vaccinum ashei e

Rubus sp., pode-se chegar as seguintes conclusoes:

e A partir dos resultados obtidos para a validagdo de metodologia analitica
empregada pode-se afirmar que os métodos cromatograficos propostos foram
devidamente validados apresentando linearidade, precisdo, exatidao,

especificidade e robustez.

e Analisando-se o perfil cromatografico de Vaccinum ashei pode-se verificar
a presencga de isoquercitrina, hiperosideo e quercitrina, em Rubus, além destes

compostos, foi detectada também a rutina.

e A partir da analise cromatografica também foram caracterizadas cinco
antocianidinas em Vaccinium ashei: delfinidina, cianidina, putunidina, peonidina e
malvidina, sendo a cianidina a principal antocianidina identificada no género
Rubus.

e Analisando-se os resultados de determinacao de atividade antioxidante
pode-se dizer que os extratos apresentaram uma atividade efetiva quando
comparado ao padrao (Trolox). Pode verificar também, que as cultivares que
apresentaram maior atividade foram aquelas com maiores teores de polifendis
totais, sugerindo uma influéncia destes compostos na atividade anti-radical livre

das amostras, devido provavelmente a diferengas ambientais e genéticas.

e A atividade anti-quimiotatica foi comprovada para a fracao flavonadidica e

€ consequéncia dos compostos presentes na mesma.

e Os resultados do presente trabalho confirmam e estendem os dados
descritos na literatura, demonstrando que o Vaccinium ashei apresenta importante
acao antinociceptiva, tanto na nocicepgdo de origem neurogénica quanto

inflamatdria avaliada em camundongos. Estes dados nos levam a concluir que o
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consumo de frutas vermelhas deve ser incentivado na dieta regular para aliviar a

dor da artrite e a gota.

e Observou-se que a suplementacdo com o extrato de Vaccinium ashei
facilitaa STM e a LTM.

e Ao testar a atividade locomotora na tarefa de campo aberto foi observado

que o extrato causa aumento da atividade locomotora em roedores.

e A partir dos resultados obtidos na tarefa de labirinto em cruz elevado
pode-se afirmar que o extrato de Vaccinium ashei exerce um efeito ansiolitico em
roedores. Sugerindo que o mesmo esteja relacionado com o aumento das
concentragbes de serotonina detectada no hipocampo e no corpo estriado de
ratos.

e Analisando-se os resultados correspondentes ao ensaio cometa, pode-se
dizer que o extrato total de Vaccinium ashei apresentou efeito neuroprotetor em

camundongos e ratos (adultos e velhos).

e Ao testar-se a atividade anticolinesterasica constatou-se que os

antocianos isolados por CLAE inibem a atividade da enzima in vitro.

e Pode-se ainda concluir que a cianidina isolada exerce atividade

neuroprotetora (TBARS) por mecanismos ainda desconhecidos.

e Entretanto, ndo foram observadas diferencas nos ratos velhos com
relacdo aos controles nas tarefas de esquiva inibitéria, campo aberto, labirinto em
cruz elevado, labirinto aquatico de Morris, Y maze, TOSC e catecolaminas (dados
ndo mostrados). Porém, estes animais comegaram o tratamento com 18 meses de
idade, sendo assim, parece razoavel sugerir que quanto mais cedo se inicia a

suplementacao mais efetivo sera o tratamento.
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e Nio foram observadas diferengas significativas no modelo de epilepsia,
entre o grupo tratado e o grupo controle, assim como ndo foram detectadas

alterag¢des no sistema dopaminérgico em animais adultos.

e Os mecanismos envolvidos nas acbes do extrato ndo estdo ainda
completamente esclarecidos, contudo foi demonstrado que a agao causada pelo
extrato é particularmente interessante, tendo em vista que ele parece interagir com
os sistemas opidide e serotonérgico, e com a inibicdo da atividade de citocinas
pré-inflamatérias e da enzima acetilcolinesterase. Neste sentido, foram obtidos
avancos significativos acerca dos mecanismos de agao do Vaccinium ashei, o que
torna o seu extrato e seus principios ativos interessantes para o aproveitamento

como AF.

e Considerando que a extragéo e a purificagao de antioxidantes a partir de
fontes naturais tém se tornado essencial para a utilizagdo dessas substancias na
preparacao de alimentos funcionais e como aditivos para produtos farmacéuticos,
cosméticos e alimenticios. Uma maneira de agregar valor a estas frutas seria
desenvolver um processo de extragdo desses compostos antioxidantes que

pudesse ser transferido para micro e pequenas empresas das regides produtoras.
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