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RESUMO

O café ¢ uma das matérias-primas com maior importancia no comércio
internacional e uma das bebidas mais apreciadas em todo mundo, principalmente
por seus atributos sensoriais e efeito estimulante. Devido ao seu elevado e
distribuido consumo mundial, os potenciais efeitos na saide tem sido estudados
em diversos modelos experimentais, tendo sido provado que seu consumo pode
contribuir para a redu¢do de ocorréncia de doengas como Parkinson, diabetes,
Alzheimer, perda de peso e hepatopatias. Os graos de café possuem uma grande
quantidade e variedade de polifenois e flavonoides. O processo de torra altera a
composi¢do do café, afetando principalmente os polifendis, podendo gerar
outros compostos pela reacdo de Maillard. Muitos desses compostos possuem
atividade anti-inflamatéria e antioxidante. Neste trabalho os extratos aquosos de
café verde (AGCa) e torrado (ARCa) e os extratos etandlicos de café verde
(EGCa) e torrado (ERCa), foram investigados quanto a sua atividade anti-
inflamatoria e antioxidante, utilizando modelos animais e in vitro (DPPH). No
teste da formalina, todos os extratos de Coffea arabica L. inibiram a lambida de
pata na ultima fase (20-30 min.) analisada. A reduc¢do do edema de pata na
terceira hora foi demonstrada em todos os extratos testados. Os extratos aquosos
e etandlicos de café foram capazes de diminuir o numero de leucécitos na
cavidade peritoneal dos animais quando estimulados pelo lipopolissacarideo de
E coli. A atividade antioxidante dos extratos de café verde foram maiores do que
os padrdes utilizados (butilidroxitolueno e 4cido ascorbico). Os resultados
indicam que os extratos de café possuem atividade anti-inflamatéria e
antioxidante.

Palavras-chave: Inflamagdo. Atividade antioxidante. Acidos clorogénicos. Café.
Edema de pata. Polifendis.



ABSTRACT

Coffee has been enjoyed as a drink by millions of people worldwide for
at least one thousand years. Due to their unique taste and flavour, coffee brews
are among the most consumed beverages in Europe and America. Coffee is
consumed for social engagements, leisure, enhancement of work performance
and well-being. Epidemiological and experimental studies have indicated
positive effects of regular coffee consumption on various aspects of health, such
as Alzheimer’s disease, Parkinson’s disease, diabetes, gonad and liver function
and cancer. Green coffee contains a large quantity and variety of polyphenols
and flavonoids. The roasting affects the composition of the polyphenols in
coffee, due to the formation of compounds generated by Maillard reaction,
which can have anti-inflammatory or antioxidant potential. The anti-
inflammatory and antioxidant effects of aqueous extract of green (AGCa),
aqueous extract of roasted (ARCa), ethanol extract of green (EGCa) and ethanol
extract of roasted (ERCa) coffee beans were investigated in animal models and
using a DPPH radical scavenging test. In the formalin test the extracts reduced
licking activity only in the late phase. The extracts of Coffea arabica L.
significantly reduced paw edema at three hours after stimulus. Leukocyte
recruitment into the peritoneal cavity was inhibited by the extracts. The
antioxidant activities of the extracts were higher than the reference antioxidants,
ascorbic acid and butylated hydroxytoluene. These results indicate that coffee
extracts exhibit anti-inflammatory and antioxidant properties.

Keywords: Inflammatory. Antioxidant activity. Chlorogenic acid. Coffee.
Oedema. Polyphenols.
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PRIMEIRA PARTE

1 INTRODUCAO

O café ¢ uma das matérias-primas com maior importancia no comércio
internacional. E igualmente uma das bebidas mais apreciadas em todo mundo,
por seus atributos sensoriais e efeitos fisioldgicos, principalmente sua acao
estimulante.

Dado o seu elevado e distribuido consumo, os potenciais efeitos na
saide causados por essa bebida suscitaram, desde cedo, o interesse da
comunidade cientifica. Por isso existem varios estudos de atividades do café
verde e especialmente do café torrado usado para preparar os diferentes tipos de
bebida.

Inicialmente, o foco de estudo era direcionado principalmente a cafeina,
porém, com o avango no conhecimento sobre a composi¢do quimica dos graos,
foram descobertos compostos com atividade antioxidante e consequentemente
foram iniciadas pesquisas sobre outros efeitos do café na satide humana. O café
¢ uma fonte primaria de antioxidante, sendo que diferentes compostos conferem
ao café essa propriedade, tais como: cafeina, polifenéis incluindo Aacidos
clorogénicos, compostos volateis e heterociclicos. O processo de torragdo, o
preparo da bebida e a concentracdo do café usado para esse preparo, levam a
profundas mudangas na composi¢ao quimica e atividades biologicas do café. Os
compostos fenolicos, por exemplo, podem sofrer degradagdo parcial ou total em
fungdo do tipo de torragdo, enquanto produtos da reagdo de Maillard com
propriedades antioxidantes sdo formados. Estudos demonstraram maior
atividade antioxidante no café verde em relagdo ao café torrado com redugdes

significativas com a intensificagdo do processo de torragao.
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O estabelecimento das propriedades terapéuticas de varios alimentos e a
possibilidade de substituicdo de certas drogas e redugdo ou eliminacdo de seus
efeitos colaterais ¢ foco importante de pesquisa de varias areas
interdisciplinares. Em relacdo ao café, estudos epidemioldgicos e experimentais
mostraram que o consumo regular de café interferiu de forma benéfica em
respostas psicoativas, doencas neurologicas como doenca de Alzheimer e doenga
de Parkinson, diabetes, disfungdo das gonadas e do figado e cancer (DOREA;
DA COSTA, 2005). O café possui importantes componentes quimicos presentes
em alimentos funcionais, como por exemplo, os flavonoides. Outros importantes
compostos bioativos presentes no café incluem: acido nicotinico, trigonelina,
acido clorogénicos, acido tanico e cafeina. Muitos desses compostos apresentam
elevada atividade antioxidante e atividade anti-inflamatéria (FROST-MEYER;
LOGOMARSINO, 2012; MOREIRA et al.,, 2013). Diante do exposto, este
trabalho visou determinar o poder antioxidante e a atividade anti-inflamatoria de
diferentes extratos do café em modelos in vitro e em animais a fim de investigar
a acdo modulatoria. Os relatos na literatura sobre a atividade anti-inflamatoria do
café sdo escassos assim este estudo pode além de fornecer resultados inéditos,
subsidiar futuras pesquisas para a descoberta de novas moléculas ou extratos que
possam vir a ser usados como nutracéuticos ou agregar mais valor a bebida do

café.
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2 REFERENCIAL TEORICO

2.1 O café

Originario da Abssinia (atual Etidpia), ao longo de centenas de anos, o
café conquistou o paladar de inimeros povos, de diversas regides do planeta. O
café foi introduzido em nosso Pais por volta de 1730, originario de planta¢des na
América Central e na Guiana Francesa. E uma planta arbustiva aparentada com a
gardénia e a quina, com duas espécies principais sendo mais conhecidas e
exploradas: a Coffea arabica, considerada mais nobre e de melhor qualidade e
sabor, ¢ a Coffea canephora (robusta africana). Dos grdos dos frutos do cafeeiro
¢ obtida uma bebida universal que faz parte da cultura, dos costumes e do dia a
dia, principalmente, do povo brasileiro (FERRAO, 2004). A cafeicultura é uma
atividade de grande importancia no cenario do agronegocio brasileiro. O café é o
segundo produto mais comercializado do mundo, depois do petroleo
(ASSOCIAGAO BRASILEIRA DA INDUSTRIA DO CAFE - ABIC, 2013).

A qualidade do café gira em torno de uma multiplicidade de fatores
relacionados ao cultivo, processamento, beneficiamento, industrializagdo e
preparo da bebida para o consumo, que afetam as centenas de componentes que
originardo o aroma e o sabor caracteristicos. O café desperta prazer ao ser
degustado, além disso, possui importantes componentes para o ser humano,
sendo que o componente mais conhecido e valorizado ¢ a cafeina, responsavel
pelo estimulo do sistema nervoso central. No entanto, outros compostos
presentes no café t&ém despertado o interesse de diversos pesquisadores devido as
suas fungdes biologicas. Nesses casos, os compostos fendlicos, como os acidos
clorogénicos ¢ seus derivados, parecem desempenhar papel relevante. Todos

apresentam intensa atividade antioxidante (BREZOVA; SLEBODOVA;
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STASKO, 2009; NICOLI et al., 1997), antimutagénica (KIM; LEVIN, 1998) ¢
anti-inflamatoria (PANDEY; RIZVI, 2009).

Estudos comparando os efeitos na satde de consumidores de café
mostraram que a ingestdo de doses diarias da bebida foi capaz de diminuir os
riscos de doengas coronarianas e de doencgas inflamatorias em relagdo as pessoas
que ndo ingeriam a bebida (KLEEMOLA et al., 2000; WU et al., 2008). De
acordo com Duarte (2004), a ingestdo de café filtrado pode ter efeito na saude
humana por ter atividade redutora, quelante de metais, sequestrante de radicais
livres, inibitoria da peroxidacdo lipidica e da acdo de agentes mutagénicos, além
de ndo interferir nos niveis de colesterol total, HDL-c, triacilglicerois e acido

urico.

2.1.1 Producéo e consumo do café

O Brasil ¢ o maior produtor e exportador mundial de café sendo
responsavel por 32% do mercado internacional. Apresenta, atualmente, um
parque cafeeiro estimado em 2,3 milhdes de hectares, com cerca de 5,7 bilhoes
de pés - pouco mais da metade s6 no Estado de Minas Gerais (BRASIL, 2013).
De acordo com a ABIC (Associag@o Brasileira da Industria de Café) sdo cerca
de 290 mil produtores que, fazendo parte de associagdes e cooperativas,
distribuem-se em 15 Estados: Acre, Bahia, Ceara, Espirito Santo, Goias, Distrito
Federal, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Para, Parana,
Pernambuco, Rio de Janeiro, Rondénia e S3o Paulo. Dentre outros grandes
produtores mundiais de café tem-se Colombia, México e Guatemala (Coffea
arabica L.); e Indonésia, Vietnd, Costa do Marfim, India, Uganda e Etiopia onde
predomina o plantio do café robusta (BRASIL, 2013).

No Brasil, Minas Gerais, Espirito Santo, Sdo Paulo, Parand, Rondoénia e

Bahia sdo Estados notoriamente produtores de café. Juntos representam 96% do
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café brasileiro, concentrando-se a produgdo de Coffea arabica em Minas Gerais,
Sdo Paulo, Parana ¢ Bahia (BRASIL, 2013). O Estado do Espirito Santo ¢ o
grande produtor de Coffea canephora - conilon (DEMARCHI, 2001) embora os
Estados de Rondonia, Minas Gerais e¢ Bahia estejam ampliando as suas
producdes (BRASIL, 2013). O maior produtor de café no Brasil é o Estado de
Minas Gerais, concentrando 47% da producdo seguido do Espirito Santo com
19%. Na terceira colocagdo situa-se Sao Paulo, com 13%, e o Parana, quarto
maior produtor com 7% do café nacional, seria o terceiro se considerada apenas
a produgdo de café ardbica (DEMARCHI, 2001). Os principais destinos das
exportacdes brasileiras de café verde sdo Estados Unidos, Alemanha, Italia e
Japao; café soluvel - Estados Unidos, Russia, Ucrdnia e Japao; e o café torrado e
moido Estados Unidos, Italia, Japdo e Argentina (BRASIL, 2013).

O consumo de café representa um habito mundial e sua bebida ¢ uma da
mais apreciadas no mundo. O sabor e aroma sdo atrativos que justificam e
estimulam a grande aceitacdo e consumo dessa bebida. No Brasil entre
novembro de 2011 e outubro de 2012, o consumo de café atingiu 20,33 milhdes
de sacas de 60 kg, um crescimento de 3,09% em comparagdo com o mesmo
periodo anterior. Ja o consumo per capita foi de 6,23 kg de café em grdo cru ou
4,98 kg de café torrado, aproximadamente 83 litros para cada brasileiro por ano,
registrando uma evolucdo de 2,10% em relagdo ao periodo anterior. O consumo
da bebida de café entre os brasileiros aumentou, e foi diversificado, adicionando
ao café filtrado consumido nos lares, também os cafés expressos, cappuccinos e
outras combina¢des com leite. Esse consumo per capita é o maior consumo ja
registrado no Brasil. O consumo per capita brasileiro continua sendo um dos
mais elevados mesmo quando comparado com o de paises europeus. Os
campedes de consumo sdo: Finlandia, Noruega ¢ Dinamarca - com um volume

proximo dos 13 quilos por habitante por ano (ABIC, 2013).
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2.1.2 Classificacéo do café

A planta do café pertence a familia Rubiaceae e ao género Coffea. O
cafeeiro ¢ uma planta perene, dicotiledonea, de porte arbustivo ou arboéreo, de
caule lenhoso, folhas persistentes e flores hermafroditas. O cafeeiro arabica tem
a altura média de 3 a 5 metros, podendo chegar a 10 metros. Seu tronco tem de 8
a 10 centimetros de didmetro e suas raizes podem chegar até 1,5 m de
profundidade. As flores possuem fragrancia de jasmim e seus frutos vdo do
verde ao vermelho quando maduros, passando pelo amarelo (CLARKE;
MACRAE, 1989).

As espécies de maior importancia econdmica sdo Coffea arabica L.,
responsavel por cerca de 70% da producdo mundial de café e Coffea canephora
Pierre (robusta). O café arabica é uma espécie de grande significado econémico
para as Américas e demais regides que a cultivam. Seu produto ¢ de qualidade
superior (aroma e sabor mais apreciados no mundo inteiro), mais fino e de maior
aceitagio em todos os mercados, sendo por isso mais valorizado
comercialmente. Ja C. canephora, variedade robusta produz o café conilon,
resiste mais facilmente ao ataque de pragas durante o seu cultivo e ¢
especialmente utilizado para aumentar o corpo e a espuma de algumas bebidas,
assim como para a produgdo de café soluvel (SMITH, 2002). Quimicamente,
essas espécies diferenciam-se pelos teores de diversos componentes: cafeina (em
média, o dobro no café robusta), minerais, compostos fenolicos, trigonelina,
aminoacidos, aminas biogénicas, diterpenos, dacidos graxos, esterdis, [-
carbolinas, dentre muitos outros (ALVES; CASAL; OLIVEIRA, 2009).

Os cafés arabica e conilon diferem consideravelmente em preco,
qualidade e aceitabilidade. Os grios de arabica sdo verde claro e de forma
ovalar, enquanto que o conilon tende a ser mais arredondado e castanho (ILLY;

VIANI, 1995). Porém, apds a torragcdo e moagem, nao se distinguem as espécies
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visualmente e, como pertencem ao mesmo género, possuem poucas diferengas
fisico-quimicas que permitam a deteccdo e/ou quantificacdo da adigdo de café
conilon, de menor valor comercial, ao arabica (ALVES; CASAL; OLIVEIRA,
2006). Da espécie C. arabica sdo cultivadas no Brasil variedades como Amarelo
de Botucatu, Sumatra, Maragogipe, Bourbon Vermelho, Bourbon Amarelo,
Caturra Amarelo, Caturra Vermelho, sendo a Mundo Novo, Catuai Amarelo,
Catuai Vermelho, Icatu e Acaia as mais cultivadas atualmente, enquanto da C.
canephora cultiva-se apenas a variedade conillon (SOUZA et al., 2004).

A qualidade do café é determinada apos a classificagdo pelo tipo,
aspecto, tamanho e forma dos gridos e pelo sabor, aroma da bebida. Segundo a
Instru¢do Normativa do Ministério da Agricultura, Agropecudria e

Abastecimento (MAPA) os padrdes de bebida e suas caracteristicas sao:

a) estritamente mole: sabor suavissimo e adocicado;

b) mole: sabor suave, agradavel e adocicado;

¢) dura: aspero e adstringente (sensacdo de secura na boca);

d) riada: sabor ligeiramente quimico, que lembra ao iodo;

e) rio: sabor forte e desagradavel; lembra sabor de bebida riada;

f) rio Zona: apresenta o forte gosto quimico das bebidas riada e rio,

sabor e odor intoleraveis.

Nao ha legislagcdo nacional para qualificacdo do café torrado e moido
quanto a qualidade sensorial. A ABIC concede aos seus associados a permissao
para utilizagdo das seguintes denominagdes:

Cafés Gourmets: sdao constituidos de café 100% arabica de origem unica
ou blendados, de bebida apenas mole ou estritamente mole e que atendam aos
requisitos de qualidade global resultando em um café muito bom a excelente,

sendo encorpado, com baixa acidez, amargor tipico, sabor equilibrado e limpo, e
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com auséncia total de qualquer sabor residual e adstringéncia. Possuem somente
atributos de qualidade positivos, elevado valor agregado.

Cafés Superiores: sdo constituidos de cafés arabica blendados com café

robusta (conillon), esses com limite de até 15% no blend, desde que limpos, com
bebida que varia de dura a mole e que sdo classificados como razoavelmente
bons. Apresentam sabor e aroma caracteristico, acidez e amargor moderados,
sabor residual moderado devido a presenca de conillon e razoavelmente
encorpado.

Cafés Tradicionais: sdo constituidos de cafés ardbica e/ou blendados de

conillon, esses com limite de até 30% no blend, desde que limpos , com bebida
mole a rio e que atendam aos requisitos de qualidade global da bebida. Sao
considerados cafés regulares e ligeiramente bons, com aroma fraco, acidez

baixa, amargor que pode variar de fraco a intenso.

2.1.3 Composicao quimica

O café cru, café torrado e a bebida dele preparada possuem uma
composicdo muito complexa, pois possuem mais de 1000 componentes
quimicos, incluindo alcaloides como cafeina, minerais, acidos clorogénicos,
acidos alifaticos, lipideos, carboidratos, aminoacidos ¢ compostos volateis
(CLARKE; MACRAE, 1989; GEORGE; RAMALAKSHMI; JAGAN MOHAN
RAO, 2008). O sabor caracteristico do café se deve a presenca de varios
compostos quimicos volateis e ndo volateis, destacando-se dentre eles acidos,
aldeidos, cetonas, proteinas, aminodcidos e acidos graxos (FERNANDES et al.,
2001).

A composicdo e a qualidade do café dependem da espécie e variedade
do cafeeiro e também de outros fatores como métodos de cultivo, grau de

maturagdo dos frutos e dos procedimentos adotados na pos-colheita. Os
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processos tecnologicos para o preparo e tratamento industrial dos graos verdes,
assim como o modo de preparar a bebida podem levar a consideradveis mudangas
quimicas responsaveis pelo aroma e sabor final da bebida, sendo o café um dos
produtos mais modificados durante o processamento (TOCI; FARAH; TRUGO,
2006).

A 4gua ¢ um componente importante do café e seu contetido ¢ de 10 a
13% (p/p) no café verde, enquanto o café torrado pode conter até 5% (p/p). O
café é capaz de reter agua em camadas monomoleculares e polimoleculares, nas
superficies internas e externas, ou por capilaridade através de microporos e
macroporos presentes na matriz (CLARKE, 1989).

O café possui de 1-2,5% de cafeina, que ¢ um alcaloide do grupo das
xantinas (Fig. 1) identificado como 1,3,7-trimetilxantina, cuja estrutura contém
um esqueleto de purina, sendo a substincia estimulante mais utilizada no mundo
(TOCI; FARAH; TRUGO, 2006). A quantidade de cafeina varia de uma espécie
para outra ou mesmo dentro de uma mesma espécie, mas geralmente, o café
conilon apresenta maior concentracdo de cafeina do que o café arabica (DE
MARIA; MOREIRA, 2007). Ela é o componente mais estudado até o momento,
pois ¢ o principal responsavel pelas propriedades estimulantes que deram
popularidade a bebida (TOCI; FARAH; TRUGO, 2006). Embora uma parcela
pequena da populagdo consuma cafeina na forma de farmacos, como por
exemplo, antigripais, grande parte desse alcaloide é ingerida na forma de
bebidas energéticas, chas e principalmente café¢ (DURRANT, 2002). Uma xicara
de café pode conter em média cerca de 80 mg de cafeina, enquanto uma lata de
refrigerante em torno de 34-41 mg (ANDRADE et al., 1995). A cafeina ¢
inodora e possui sabor amargo bastante caracteristico, que contribui com uma
nota de amargor importante para o aroma ¢ sabor da bebida do café

(MONTEIRO; TRUGO, 2005). Esse alcaloide ¢ um dos compostos mais
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estaveis durante a torragdo, apresentando pequenas perdas percentuais que

geralmente ndo ultrapassam 5%.

Figura 1 Cafeina
Fonte: Morais et al. (2009)

Na Tabela 1 é representada a composi¢do quimica em grdos crus e
torrados de café ardbica e robusta. Os carboidratos constituem 50 a 60% do
peso do café verde em grao, contendo grupos de polissacarideos e agucares de
baixo peso molecular, incluindo tri-, di- e monossacarideos. A sacarose € o
acucar livre presente em maior concentragdo no café¢ verde, sendo rapidamente
perdida durante a torragdo, chegando a 100% de degradacdo na torra escura

(CLARKE; MACRAE, 1989).
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Tabela 1 Composi¢do quimica de grios de café (arabica e robusta) crus e

torrados (g/100g base seca)

Arabica Arabica Robusta Robusta
Verde Torrado Verde Torrado
Cafeina 0,9-1,2 ~1,0 1,6-2,4 ~2
Trigonelina 1,0-1,2 0,5-1,0 0,6-0,75 0,3-0,6
Minerais 3,0-4,2 3,0-4,5 4,0-4,5 4,6-5,0
Acidos
Clorogénicos Totais 5,5-8,0 1,2-2,3 7,0-10,0 3,9-4,6
Acidos alifaticos 1,5-2,0 1,0-1,5 1,5-2,0 1,0-1,5
Oligossacarideos 6,0-8,0 0,0-3,5 5,0-7,0 0,0-3,5
Polissacarideos 50,0-55,0  24,0-39,0 37,0-47,0 25,0-37,0
Proteinas 11,0-13,0  13,0-15,0 11,0-13,0 13,0-15,0
Aminoacidos 2,0 0,0 2,0 0,0
Lipideos 12,0-18,0  14,5-20,0 9,0-13,0 11,0-16,0

Fonte: Clarke e Macrae (1989)

Os componentes presentes

no café verde

sdo precursores dos

componentes integrantes do sabor e aroma da bebida de café (TOCI; FARAH;

TRUGO, 2006). Um deles ¢ a trigonelina (Fig. 2) que esta presente em torno de

1 g% no grao verde, ¢ um alcaloide, como a cafeina, de grande importancia no

café, gerando com sua degradagdo térmica uma importante classe de compostos,

os pirrdis, que sdo de relevante importancia para o aroma do café e conferem
desde notas de pao e caramelo a de carne bovina (CASAL; OLIVEIRA;
FERREIRA, 2000; TRUGO; MOREIRA; DE MARIA, 1999). Além disso, a

trigonelina sofre desmetilagdo na torrefagdo, para formar a niacina, uma

vitamina do complexo B, em quantidades que podem chegar préximo a 20 mg%,

dependendo do grau de torrefagcdo. Por outro lado, diversos componentes

volateis, como piridinas e pirrdis sdo também formados (TRUGO, 2001).
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Figura 2 Trigonelina
Fonte: Morais et al. (2009)

Os compostos fenodlicos contribuem de maneira significativa para o
sabor do café. Sao responsaveis pela adstringéncia dos frutos e contribuem para
o sabor e o aroma caracteristico do café (ABRAHAO et al., 2008; MOREIRA;
TRUGO; DE MARIA, 2000). Os acidos clorogénicos sdo progressivamente
degradados durante a torra, contribuindo para a formagdo do aroma e sabor,
podendo ocorrer perdas de até 90% do conteudo inicial apos torracdo severa dos
graos (DUARTE; PEREIRA; FARAH, 2010). Os acidos clorogénicos (Fig. 3)
compdem um conjunto de cinco grupos principais de compostos fenolicos e seus
isomeros formados principalmente pela esterificagdo do acido quinico com um
dos seguintes acidos derivados do acido cindmico: acido cafeico e felirico ou p-
cumdrico. Esses grupos sdo acidos cafeoilquinicos, acidos dicafeoilquinicos,
feruloilquinico, acido p-cumaroilquinico e acido cafeoilferuloilquinicos. O
isdmero majoritario no café é o acido-5-cafeoilquinico (CLIFFORD et al.,
2006). Os acidos clorogénicos e/ou seus derivados, tem despertado o interesse
de diversos pesquisadores devido a suas fungdes biologicas. Todos apresentam
intensa propriedade antioxidante, que por si s6 ja desfruta de relevancia na
neutralizagdo de radicais livres.

A sacarose € o agucar de baixo peso molecular mais abundante no café.
A natureza e o contetido desse aglicar sdo de primordial importancia para o

“flavor” do café, para a formagdo de pigmentos e outros compostos de alto peso
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molecular, formados pela condensagdo e caramelizagdo durante o processo de
torrefacdo (TOCI; FARAH; TRUGO, 2006). Nao somente a sacarose como
também outros glicidios e polissacarideos sdo de importancia para o aroma do
café. A principal familia de compostos volateis gerada por esses aguiicares sdo os
furanos, que contribuem consideravelmente para as caracteristicas sensoriais do

café torrado (TRUGO; MOREIRA; DE MARIA, 1999).

Acidos Clorogénicos (ACG)
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(3,4-AdiCQ)

Figura 3 Acidos Clorogénicos
Fonte: Morais et al. (2009)

Durante a torracdo dos grios de café, as proteinas sdo desnaturadas e
degradadas em moléculas menores, exercendo papel importante na geragdo de
pigmentos. Algumas proteinas também reagem com carboidratos, através da
reagdo de Maillard (que envolve a condensagido do grupo carbonila de aglicares

redutores com o grupo amino de aminoacidos ou proteinas) originando também
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compostos volateis importantes para o flavor, como os pirréis, alquil-furanos,
pirazinas e alquil-pirazinas, principalmente a partir de hidroxi-aminoacidos
(TRUGO, 2001). Os aminoacidos livres podem ser degradados durante a
torragdo, ou combinados com outros componentes, gerando uma mistura de
complexos volateis e ndo volateis. Muitos desses volateis sdo de grande
importancia para o aroma e, consequentemente, para a qualidade do café torrado
(TOCIL, FARAH; TRUGO, 2006).

Os lipideos sdo outra classe de compostos importantes do café,
considerando ndo apenas a quantidade em que se encontram no grdo, mas
também a composicdo dessa fracdo. Relacionam-se a qualidade da bebida, a
coloragdo do café cru e ao potencial de exploragdo industrial do produto com
outros fins, que ndo visem cafés torrado/moido e solivel (SALVA; LIMA,
2007). O conteudo de lipideos nos graos de café depende da espécie. Graos do
café ardbica possuem 15% de lipideos em sua constitui¢do, e o café robusta
apenas 10%. Os triacilglicerideos representam a maior porcentagem dos lipideos
totais, cerca de 75%, havendo ainda a presenca de acidos graxos livres, sendo
predominantes os acidos palmitico e linoleico; diterpenos, como o caveol e o
cafestol; esterois, tocoferois, entre outros (CLARKE; MACRAE, 1989). Com o
processo de torragdo, os lipidios sofrem uma degradagdo oxidativa, gerando,
dentre os componentes volateis do café, aldeidos e alcoois alifaticos e
aromaticos. Entre os alcoois, destacam-se o metanol e o etanol (TOCI; FARAH,;

TRUGO, 2006).
2.1.4 Alteracdes que ocorrem no café decorrente da torragéo
O processo de torragao pode ser definido como o tratamento térmico dos

alimentos cuja finalidade ¢ o desenvolvimento de compostos aromaticos e da cor

dos produtos, além de transformar a textura do alimento em questdo, facilitando
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a moagem e em muitos casos a extracdo da agua (SALVA; LIMA, 2007). Para
que o café possa ser consumido, deve ser torrado. Além disso, o processo de
torracdo ¢ determinante na caracteristica final da bebida, pois € nessa etapa que
se desenvolve o sabor e aroma do café produzindo uma das bebidas mais
populares do mundo (MENDONCA, 2005).

Durante o processo de torracdo, a dgua residual dentro de cada célula é
convertida em vapor e ocorre uma série de reagcdes quimicas complexas entre os
acucares, proteinas, lipideos e minerais contidos no seu interior. Os amidos
transformam-se em agucares simples, surgem algumas espécies de acidos
enquanto outros sdo eliminados, a estrutura celular basica do grao acaba por se
desintegrar, fazendo com que ocorra expansao e as proteinas sdo desmembradas
transformando-se em peptideos. A trigonelina e os acidos clorogénicos sdao
compostos fortemente afetados pelas condigdes térmicas de torrefagdo
(MOREIRA; TRUGO; DE MARIA, 2000).

Os atributos sensoriais da bebida sdo conferidos por compostos volateis
e ndo volateis produzidos durante o processo de torragdo. A torragdo consiste no
aquecimento dos grios a 200- 240°C por 10 -15 min, esse processo causa
mudangas quimicas e fisicas marcantes no grao do café (ILLY; VIANI, 1995).
Os graos mudam da cor verde no gréo cru para varias tonalidades de marrom no
grdo torrado, com redug@o do peso e aumento de volume dos graos. Essa ¢ a
mudanga fisica mais evidente que ocorre durante a torragcdo. Com o aumento do
grau da torracdo da tonalidade “clara” para a “escura”, por exemplo, a bebida
apresenta um notavel acréscimo da acidez com consideraveis mudangas no
“flavor” e no paladar da bebida (CLARKE; MACRAE, 1989). No entanto, a
acidez do café também pode ser afetada por outros fatores incluindo espécie,
tipo de processamento e tempo de armazenamento dos grios (DALLA ROSA;

BARBANTE; LERICI, 1990).
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As principais mudangas citadas acima sdo atribuidas a reagdo de
Maillard, que ocorre durante o processo de torracdo (CLARKE; MACRAE,
1989). Além da sua influéncia sobre a cor e o aroma, estudos demonstraram a
habilidade que esses produtos apresentam de afetar a estabilidade oxidativa de
muitos alimentos processados e desempenhar um importante papel como fator
protetor da saide (O’BRIEN; MORRISSEY, 1989), parecendo suprir o corpo
humano com protecdo antioxidante exdgena.

Durante a torragdo, os grios sdo aquecidos a 200-240° C por 10-15
minutos, dependendo do grau de torragdo requerido, que ¢ geralmente avaliado
pela perda de peso da amostra tratada termicamente. O processo de torracio
provoca mudancas na composi¢do bioquimica e atividade bioldgica do café:
transformagdes de substancias que ocorrem naturalmente no café verde; geragao
de compostos derivados da reagdo de Maillard, caramelizagio de carboidratos, e
pirélise de compostos organicos (CLARKE; MACRAE, 1989).

Na industrializacdo dos graos, diversas transformagdes quimicas
ocorrem principalmente devido as altas temperaturas utilizadas na torrefagdo. A
trigonelina presente em torno de 1% no grao cru, durante o processo de torra,
pode formar a niacina e diversos componentes volateis, como piridinas e pirrois,
que contribuem para o aroma final da bebida. Os compostos fenolicos sdo
parcialmente isomerizados, hidrolisados ou degradados em compostos volateis
de baixa massa molecular. Durante a torragao do café, partes desses constituintes
fenolicos sdo incorporados as melanoidinas ou polimerizados, formando
misturas complexas (MORALIS et al., 2009). Os &cidos clorogénicos reagem
durante a torrag¢do, produzindo compostos acidos, lactonas e outros derivados
fendlicos que contribuem para o aroma e sabor do café, acidez final e
adstringéncia da bebida (LOPEZ-GALILEA; PAZ DE PENA; CID, 2007). Em
principio, os teores de cafeina ndo apresentam diferengas significativas em

relacdo a torra (FARAH et al., 2005). As proantocianidinas juntamente com o0s
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polifendis, apresentam sabor adstringente tipico, interferindo no sabor e aroma
apo6s a torra justificando, assim, e em parte, a menor qualidade da bebida

preparada somente a partir de graos de café conilon (MORAIS et al., 2009).

2.2 Antioxidantes

2.2.1 Radicais livres e espécies reativas de oxigénio (ERO)

Os radicais livres sdo moléculas altamente instaveis, com meia vida
curtissima e quimicamente muito reativos. Denominam-se radicais livres as
espécies quimicas com existéncia independente, que possuem um ou mais
elétrons desemparelhados, o que implica em maior reatividade, pois necessitam
completar seus pares de elétrons para se estabilizarem. Ao reagirem com uma
molécula adicional, geram outro radical livre, iniciando uma reacdo em cadeia e
devido a isso possuem uma vida muito curta (MARZZOCO; TORRES, 2007,
ROVER JUNIOR et al., 2001).

Em condig¢des fisiologicas do metabolismo celular aerdbico o oxigénio
molecular (O,) sofre reducdo tetravalente, com incorporagdo de quatro elétrons,
resultando na formacgao de agua (H,O). No entanto 5% do oxigénio utilizado na
cadeia respiratoria mitocondrial ndo sdo completamente reduzidos a agua,
podendo ser convertidos a intermediarios reativos como o radical superéxido
(0y) e hidroxil (OH’) e também a peroxido de hidrogénio (H,0,), processo esse
que pode ser exacerbado em condigdes patologicas (HALLIWELL, 2006). O
termo espécies reativas de oxigénio (ERO) ¢ usado para incluir os radicais
formados pela reducdo do O, em radical superdxido (O,), e o radical hidroxil
(OH"), mas também alguns nao radicais derivados do oxigénio como H,0O, e o

oxigénio singlete (027). Além desses existe ainda as espécies reativas de
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nitrogénio (ERN) sendo o 6xido nitrico (NO) e o peroxinitrito (ONOO") os
principais representantes (CHONG; LI; MAIESE, 2005).

Tais radicais podem ser gerados a partir de fontes externas ao organismo
vivo, tais como luz ultravioleta, raio X e raios gama (GULCIN; ALICI; CESUR,
2005). Além disso, em processos comuns do proprio organismo, a formagdo das
ERO e ERN pode ocorrer em diferentes locais, como citoplasma, mitocondrias e
membranas celulares. Ela acontece durante os processos oxidativos bioldgicos,
formadas fisiologicamente a partir de compostos endoégenos ou originadas do
metabolismo de compostos exdgenos. Geralmente ela se da por acdo catalitica
de enzimas durante as transferéncias de elétrons no metabolismo celular
(MARZZOCO; TORRES, 2007).

As ERO e ERN si3o produzidos naturalmente em nosso organismo
através de processos metabdlicos oxidativos e, muitas vezes, sdo de extrema
utilidade, como nas situagdes em que hd necessidade de ativagdo do sistema
imunoldgico (como exemplo, os macréfagos utilizam o peroxido de hidrogénio
para destruir bactérias e outros elementos estranhos); na desintoxicacdo de
drogas; e na produgdo do fator relaxante derivado do endotélio, o 6xido nitrico,
extremamente importante nos processos que desencadeiam o relaxamento dos
vasos sanguineos. Fontes ambientais, tais como irradia¢do ultravioleta (UV),
irradiag@o ionizante, e poluentes, também podem produzir espécies reativas de
oxigénio (HALLIWELL, 2006).

Muitas dessas espécies sdo geradas em baixos niveis, durante condigdes
fisiologicas normais, em resposta a estimulos internos e externos. Baixos niveis
de ERO podem ser indispensaveis em diversos processos, incluindo sinalizagao
intracelular de proliferagdo ou apoptose, imunidade e defesa contra
microrganismos. Por outro lado, altas concentragdes ou remocgao inadequada das
ERO por sistemas antioxidantes endogenos resultam em estresse oxidativo, que

pode causar disfungdes metabolicas severas e danos a macromoléculas
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biologicas. Ou seja, as células normalmente sdo capazes de balancear a produgao
de oxidantes e antioxidantes para manter um equilibrio de oxirreducdo. O
estresse oxidativo ocorre quando esse equilibrio é quebrado pelo excesso de
ERO e/ou pela deplecio das defesas antioxidantes (MATES; SANCHEZ-
JIMENEZ, 1999).

2.2.2 Defesa antioxidante

Evidéncias sugerem que altos niveis de ERO e ERN podem causar
sérios distirbios no estado redox do nosso organismo. A producdo continua de
radicais livres durante os processos metabolicos leva ao desenvolvimento de
muitos mecanismos de defesa antioxidante para limitar os niveis intracelulares e
impedir a inducdo de danos. Os antioxidantes sdo agentes responsaveis pela
inibi¢do e reducdo das lesdes causadas pelos radicais livres nas células. Cabe
salientar que a composi¢ao das defesas antioxidantes difere de tecido a tecido,
de tipo de célula a tipo de célula e possivelmente de célula a célula do mesmo
tipo, em um dado tecido (BIANCHI; ANTUNES, 1999). Assim, de acordo com
Halliwell (2006), ¢ perfeitamente possivel que um antioxidante atue como
protetor em um determinado sistema, mas que falhe na prote¢do, ou mesmo que
aumente as lesoes induzidas em outros sistemas ou tecidos.

Antioxidantes sdo definidos como substancias que em baixas
concentragdes sdo capazes de atrasar ou inibir uma oxidacdo de forma eficaz.
Isso ocorre por varios mecanismos, como: impedimento da formagdo dos
radicais livres (formacdo de radical hidroxila a partir de peréxido de hidrogénio),
do reparo de lesdes (causadas pelos radicais livres) ou sequestro dos radicais
livres gerados pelo metabolismo celular ou por fontes exogenas, e

consequentemente, impedindo o ataque aos lipideos, aminoacidos, proteinas,
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duplas ligagdes dos acidos graxos e bases nitrogenadas do DNA (BIANCHI;
ANTUNES, 1999).

Em condi¢cdes normais do metabolismo celular, os mecanismos de
defesa contra as ERRO e ERN permitem homeostase. Entretanto, a concentragao
dessas espécies pode aumentar mediante maior geracao intracelular das mesmas
ou pela deficiéncia dos mecanismos de defesa. Com isso, ha um desequilibrio
entre moléculas oxidantes e antioxidantes, causando o estresse oxidativo
resultando na indugdo de danos celulares que podem gerar varias doengas como
cancer, aterosclerose, doengca de Parkinson, inflamag¢do, dentre outras
(MARZZOCO; TORRES, 2007).

O sistema de defesa antioxidante esta dividido em enzimdtico e ndo
enzimatico (SCHNEIDER; OLIVEIRA, 2004). O primeiro inclui as enzimas
superoxido dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx). A
catalase desempenha importante papel na elimina¢ao do H,O,, a GPx também
funciona como mecanismo de prote¢do contra o estresse oxidativo, convertendo
a glutationa reduzida (GSH) a glutationa oxidada (GSSG), removendo H,0, e
formando agua (FERRARI et al., 1985). Ja4 o sistema ndo enzimadtico inclui
compostos  sintetizados pelo organismo humano como bilirrubina,
ceruloplasmina, horménios sexuais, melatonina, coenzima Q, acido urico, e
outros, ingeridos através da dieta regular ou via suplementacdo como acido
ascorbico (vitamina C), a-tocoferol (vitamina E), B-caroteno (precursor de
vitamina A) e grupos fenois de plantas-flavonoides (ROVER JUNIOR et al.,
2001).

Os antioxidantes atuam em diferentes niveis na prote¢do do organismo.
O primeiro mecanismo de defesa contra os radicais livres ¢ impedir a sua
formag@o, principalmente pela inibicdo das reagcdes em cadeia com o ferro e o
cobre. Além disso, os antioxidantes sdo capazes de interceptar os radicais livres

gerados pelo metabolismo celular ou por fontes exogenas, impedindo o ataque
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sobre os lipideos, os aminoacidos das proteinas, a dupla ligagdo dos acidos
graxos poli-insaturados e as bases do DNA, evitando a formacdo de lesdes e
perda da integridade celular. Os antioxidantes obtidos da dieta sdo extremamente
importantes na intercep¢do dos radicais livres. Outro mecanismo de protegao € o
reparo das lesdes causadas pelos radicais. Esse processo esta relacionado com a
remo¢ao de danos da molécula de DNA e a reconstituicio das membranas
celulares danificadas. Em algumas situagdes pode ocorrer uma adaptacao do
organismo em resposta a geragdo desses radicais com o aumento da sintese de

enzimas antioxidantes (BIANCHI; ANTUNES, 1999).

2.3 Inflamagao

Por muito tempo, a inflamagao foi considerada como doenga, e somente
a partir do século XVIII é que Hunter propos ser ela uma resposta benéfica.
Desde Celsus (contemporaneo de Cristo) que se caracteriza a inflamacdo por
quatro sinais “cardinais”: Rubor, Calor, Tumor e Dor. Virchow, no século XIX,
acrescentou um quinto sinal; a perda da fungido (LAPA et al., 2007).

A inflamagdo é uma resposta protetora imediata que ocorre nos tecidos
circunjacentes, sempre que ha lesdo ou destruigdo celular. E uma reagdo do
tecido vivo vascularizado a uma injaria local, ou seja, ¢ um mecanismo de
defesa ou resposta protetora normal do organismo contra uma lesdo tecidual
causada por trauma mecanico, radiacdo, calor, frio e outros agentes fisicos,
substancias irritantes, alcalis e outras substidncias quimicas ou bioldgicas,
provocadas por microrganismos tais como fungos, bactérias, virus ou
protozoarios (FLOWER; PERRETTI, 2005; SHERWOOD; TOLIVER-
KINSKY, 2004). A capacidade de desencadear uma resposta inflamatoria é
fundamental a sobrevivéncia. Cada estimulo provoca um padrdo caracteristico

de resposta que, apesar da diversidade e complexidade dos mediadores
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quimicos, apresentam variagio relativamente pequena (STVRTINOVA;
JAKUBOVSKY; HULIN, 1995). No processo de inflamagdo, células
imunologicamente competentes sdo acionadas e agem no sentido de inativar ou
destruir microrganismos invasores, remover substancias irritantes e proteinas
antigenas, além de iniciar a reparacao tecidual. Quando o processo reparatorio se
completa, naturalmente a inflamacdo e seus sinais desaparecem (FLOWER;
PERRETTI, 2005).

A inflamacdo ¢ uma resposta celular e humoral de magnitude variavel
com repercussdes meramente locais, loco-regionais ou sistémicas, cujo disparo ¢é
produtor de uma cascata de eventos que envolvem complementos, cininas,
fibrinoliticos e coagulantes estimulados, juntos, com a ativagdo de fagocitos e
das células endoteliais (STVRTINOVA; JAKUBOVSKY; HULIN, 1995). A
inflamagdo ¢ mediada por diferentes mecanismos, € ocorre em trés fases

distintas, sendo:

a) fase aguda — evento transitorio caracterizado por vasodilatagdo
localizada e aumento da permeabilidade vascular;

b) fase subaguda retardada, onde se nota, predominantemente, a
infiltracdo leucocitaria e células fagocitarias;

c) fase cronica, onde a proliferacio ¢ fator de destaque, com a
ocorréncia de degeneragdo tissular e de reparacao fibrotica (LAPA
et al., 2007). Essas trés fases sdo desejaveis e importantes, € podem
ser consideradas benignas dentro de padrdes em que as atividades
celulares e dos mediadores permanecem apropriadamente regulados
(REUTER et al., 2010). Acredita-se que intervengdes no processo
inflamatorio seja um potencial alvo terapéutico para reduzir o risco
de doengas ¢ incapacidades (BEAVERS; BRINKLEY; NICKLAS,
2010).
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As alteragdes locais notaveis no processo inflamatério sdo provenientes
da dilatagdo de arteriolas e aumento da permeabilidade vascular por acdo de
mediadores da inflamagdo. H4 aumento no fluxo sanguineo na area lesada,
produzindo calor e eritema. Com aumento da temperatura, as reagdes
metabdlicas ocorrem com maior rapidez e liberam calor adicional. O edema
surge com o aumento da permeabilidade, podendo extravasar fatores da
coagulacdo sanguinea para os tecidos (REUTER et al.,, 2010). Na resposta
inflamatoria observam-se: vasodilatagdo, expansdo dos vasos sanguineos com
um aumento da circulagdo sanguinea na area afetada; permeabilidade vascular
aumentada, que permite a difusdo de componentes para penetrar no local da
inflamagdo; infiltragdo celular, por quimiotaxia, ou o movimento direto de
células inflamatdrias pelos vasos sanguineos no interior do local de injuria;
variagdes, biossintética, metabolica e no perfil catabdlico de muitos organismos;
e ativacdo de células do sistema imune, bem como o sistema enzimatico
complexo do plasma sanguineo. Assim, os niveis de cada ocorréncia sdo
normalmente proporcionais a severidade da injuria e a extensdo da infecgdo
(STVRTINOVA; JAKUBOVSKY; HULIN, 1995).

Varias células inflamatorias e da resposta imune inata, por exemplo,
mastocitos, neutrofilos, leucocitos, macréfagos, mondcitos, eosinodfilos, células
dendriticas, fagocitos e células naturais Killers sdo recrutadas no local da
infec¢do ou inflamagdo e em resposta a estimulos pro-inflamatérios produzem
espécies reativas de oxigénio e espécies reativas de nitrogénio (KUNDU;
SURH, 2008) promovendo a indu¢do de um grande ntimero de fatores
transcricionais, como o fator nuclear kappa p (NF-kB), bem como a perda dos
estoques energéticos celulares, rompimento de mitocondrias com liberagcdo de
enzimas liticas, peroxidagdo ¢ destruicdo de membranas e dano em DNA

(CARVALHO; LEMONICA, 1998).
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Dentre as células envolvidas na inflamacg@o, algumas estdo normalmente
presentes nos tecidos (células endoteliais vasculares, mastocitos e macréfagos
teciduais) e outras (plaquetas e leucocitos) tém acesso a area de inflamagdo a
partir do sangue. Os macréfagos teciduais representam a primeira linha de
defesa contra a infec¢do. Logo no inicio da inflamacdo eles ja4 comegam a
exercer a funcdo de limpeza (SHERWOOD; TOLIVER-KINSKY, 2004). Os
mastocitos e basofilos podem ser ativados diretamente por uma variedade de
substancias biologicas, como peptideos, citocinas, anafilotoxinas e derivados do
complemento (DONATH et al., 2009). Eles sdo bem habeis para liberar
mediadores inflamatorios, como histamina, proteases, fatores quimiotaticos,
citocinas e metabolitos do 4cido araquidonico (REUTER et al., 2010).

Os neutréfilos constituem os primeiros leucdcitos sanguineos a alcangar
a area da reacdo inflamatéria. Tém capacidade de englobar, matar e digerir
microrganismos. Os neutrofilos dispdem de mecanismos microbicidas
extremamente eficientes, porém morrem depois de exercida sua fagocitose. Os
mondcitos migram do sangue para a area lesada dentro de varias horas apds os
neutrofilos. Nos tecidos os mondcitos sdo transformados em macroéfagos. Eles
fagocitam um grande ntimero de microrganismos, além de removerem restos
celulares e residuos provenientes de tecidos lesados, sendo essenciais para a

reparagao tecidual (DONATH et al., 2009).
Os macréfagos ativados produzem citocinas como TGF-J (fator de

crescimento transformador) e PDGF (fator de crescimento derivado de
plaquetas), além de outros fatores de crescimento e proliferagdo celular. Esses
fatores induzem: a) proliferacdo e migracdo de fibroblastos; b) neoformacao de
capilares sanguineos; c¢) sintese de componentes da matriz extracelular, como
fibronectina, coldgeno e proteoglicanos. Portanto, os macrofagos sdo células
essenciais para promover a limpeza dos tecidos afetados pela inflamagao,

fagocitando restos celulares e promovendo sintese de componentes da matriz
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extracelular e formagdo de novos vasos, necessarios para reparo dos tecidos
lesados (REUTER et al., 2010).

A inflamagdo ¢ desencadeada pela liberagdo de mediadores quimicos
originados em fontes celulares ou humorais. Esses mediadores sio os
responsaveis pela uniformidade quase estercotipada da reac¢do inflamatdria,
independente do agente agressor (LAPA et al., 2007). Os mediadores quimicos
especificos variam de acordo com o tipo de processo inflamatdrio: podem ser
aminas, como histamina e 5-didroxitriptamina; lipideos, como as
prostaglandinas; pequenos peptideos, como a bradicinina; e peptideos maiores,
como a interleucina-1 (LAPA et al., 2007; REUTER et al., 2010). O tipo ¢ a
quantidade relativa de cada mediador variam de acordo com a fase de
desenvolvimento da resposta e, em certos aspectos, conforme o tipo do estimulo
que desencadeou o processo. Mediadores de agdo rapida, tais como aminas
vasoativas, eicosanoides e produtos do sistema cininérgico, modulam a resposta
imediata. Em seguida, mediadores neossintetizados, como os leucotrienos e
interleucinas, sdo liberados e passam a controlar o acimulo e a ativacdo de
células no local inflamado (LAPA et al., 2007).

Histamina e serotonina sdo mediadores pré-formados, armazenados em
granulos, e estdo entre os primeiros a serem liberados durante a inflamagao. Sao
responsaveis pela vasoconstri¢@o inicial e, juntamente com outros mediadores,
por vasodilatacdo subsequente e aumento da permeabilidade vascular (ALLER
et al., 2006; GUZIK; KORBUT; ADAMEK-GUZIK, 2003; SHERWOOD;
TOLIVER-KINSKY, 2004). As prostaglandinas sdo sintetizadas a partir de um
precursor primdrio, o acido araquidénico (Fig. 4). Esse acido ¢ liberado de
fosfolipideos das membranas celulares pela acdo da fosfolipase A2, através de
um processo controlado por horménios e outros estimulos. As prostaglandinas,
tromboxanos e prostaciclinas sdo obtidas através da agdo catalitica das enzimas

ciclooxigenases. Foram identificadas trés ciclooxigenases, a COX-1, que ¢
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constitutiva ¢ amplamente distribuida, a COX-2, produzida em resposta a um
estimulo inflamatorio e a COX-3 que ¢ uma variante da COX-1 (derivada do
mesmo gene) e expressa em maior quantidade no cortex cerebral e coragdo
(PACHER; BECKMAN; LIAUDET, 2007). As prostaglandinas contribuem para
a vasodilatagdo, permeabilidade capilar, bem como a dor e febre que
acompanham a inflamagdo. As prostaglandinas estaveis (PGE1 e PGE2)
induzem a inflamagdo e potencializam os efeitos da histamina e outros
mediadores quimicos envolvidos na inflamagdo. O tromboxano A2 promove a
agregacdo plaquetaria e a vasoconstricdio (FUCHS; WANNMACHER;
FERREIRA, 2007).
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Os produtos da inflamagdo, em situagdo normal, n3o produzem
praticamente nenhuma lesdo ao tecido do hospedeiro, pois os agentes agressores
sdo removidos rapidamente e a producdo de mediadores da inflamagdo ¢
atenuada. Se a resposta inflamatoria é direcionada contra o proprio organismo,
nao ¢ efetiva na remog¢do do agente agressor ou ndo ¢ regulada efetivamente, os
tecidos entdo sdo destruidos pela ativagdo cronica dos leucocitos (REUTER et

al., 2010).

2.4 O café como fonte de compostos bioativos: “Café e Saude”

O café ¢ um produto com a composi¢do extremamente complexa. Mais
de 1000 substincias fazem parte dessa bebida (CLARK; MACRAE, 1989).
Além da cafeina, o café apresenta outras substincias bioativas como a
trigonelina, compostos fenolicos (em que se destacam os acidos clorogénicos) e
compostos resultantes da reagdo de Maillard, como as melanoidinas (MORAIS
et al., 2009; NEHLIG, 2004). Os compostos fendlicos constituem uma das
principais classes de antioxidantes naturais. Eles sdo largamente distribuidos em
frutos, legumes, graos, sementes, folhas, raizes, cascas, dentre outros materiais.
Esses constituintes sdo capazes de retardar o envelhecimento e o aparecimento
de doengas (MORALIS et al., 2009).

O alto consumo de café no mundo tem estimulado muitos pesquisadores
a estudar outras possiveis atividades bioldgicas relacionadas ao grio verde e
especialmente ao café torrado, usado para preparar diferentes tipos de bebida.
Existe uma vasta literatura que relata o potencial dos compostos bioativos ou
componentes funcionais na agdo contra os males da hipertensdo, doengas
cardiovasculares, cancer entre outras. Nos ultimos anos, devido ao interesse
crescente em encontrar alimentos funcionais, a relagdo café e satde tem sido

amplamente investigada (DOREA; DA COSTA, 2005; GEORGE;
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RAMALAKSHMI; JAGAN MOHAN RAO, 2008). No café encontra-se uma
série de compostos com atividade biologica, tais como antioxidantes
(BORRELLI et al, 2002; NICOLI et al, 1997), anticancerigenos
(GIOVANNUCCI, 1998), anti-inflamatdrios (FROST-MEYER;
LOGOMARSINO, 2012; MOREIRA et al., 2013) e antimutagénicos (KIM;
LEVIN, 1998). A atividade antioxidante da bebida do café resulta da presenca
de cafeina, trigonelina, acido cafeico, produtos da reagdo de Maillard,
compostos volateis tais como furanos e pirrdis e compostos fenolicos
(CASTILLO; AMES; GORDON, 2002).

A cafeina € um dos alcaloides com atividade bioldgica mais ingerida no
planeta. Os efeitos da cafeina sobre o comportamento humano tém sido objeto
de estudos ha algumas décadas (DE MARIA; MOREIRA, 2007). Esses efeitos
podem ser descritos como melhora da capacidade de alerta e diminuigdo da
fadiga, com melhora no desempenho de atividades que requeiram maior
vigilancia, além da melhoria na capacidade de concentragdo, no desempenho de
tarefas simples, na vigilancia e diminuicdo da sonoléncia e do cansago
(NEHLIG, 2004). Estudos sugerem que o consumo de café cafeinado pode
interferir no humor, na disposicdo e na performance cognitiva devido ao seu
efeito estimulante (LIEBERMAN et al., 2002). Além disso, a cafeina é citada
como indutora da perda de peso devido ao seu efeito termogénico
(GREENBERG; BOOZER; GELIEBTER, 2006) ¢ aumento da lipolise (JUNG
et al., 1981).

A cafeina atua antagonizando os efeitos da adenosina, uma substancia
quimica do cérebro (neurotransmissor) que causa sono (ALVES; CASAL;
OLIVEIRA, 2009). Ela pode ligar-se aos receptores da adenosina, bloqueando-
os. Desse modo, a agdo inibitdria da adenosina fica impedida, sendo o efeito da
cafeina, consequentemente estimulante. No entanto, o consumo de cafeina pode

afetar negativamente o controle motor e a qualidade do sono, bem como causar
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irritabilidade em individuos com quadro de ansiedade (SMITH, 2002). Alguns
autores concluiram que a eficacia da cafeina no alivio das dores de cabega
induzidas pela sua privagdo (que leva a vasodilatagdo cerebral) reflete as suas
propriedades vasoconstritoras a nivel central. Em outros tipos de cefaleia, como
as de tensdo, a cafeina parece ter um papel ativo no alivio da dor, sendo o efeito
dependente da dose ingerida (ALVES; CASAL; OLIVEIRA, 2009).

O efeito da ingestdo de cafeina e sua influéncia na pressdo sanguinea sdao
muito inconsistentes, referindo associagdes positivas, inversas e inexistentes. De
um modo geral, ndo existe uma clara relacdo causal entre o consumo de café e
hipertensdo. Seu consumo regular parece elevar a pressdo arterial de forma
persistente e, dessa forma, individuos com hipertensdo, doenga coronariana e
arritmia cardiaca deveriam ser encorajados a reduzir seus niveis de ingestao de
cafeina (ALVES; CASAL; OLIVEIRA, 2009).

Com relagdo a homeostase de calcio, dados compilados em uma revisao
indicam que a cafeina ndo ¢ prejudicial ao metabolismo dsseo de individuos cujo
consumo de calcio ¢ adequado as suas necessidades metabolicas (HEANEY,
2002). Um estudo sobre os efeitos da cafeina na saide humana indicou que seu
consumo moderado (méximo de 4,6 mg/kg de peso), praticado por adultos
saudaveis em idade reprodutiva, ndo esta associado a efeitos adversos a saude
humana, desde a gestacdo até o final da vida (NAWROT et al., 2003).

O consumo de café cafeinado parece estar envolvido na redugdo do risco
de desenvolver a doenga de Parkinson (SAAKSJARVI et al., 2008). Essa doenga
¢ causada por uma degeneracdo severa dos neurdnios dopaminérgicos da
substancia negra do cérebro, causando incapacidade do controle voluntario dos
movimentos e levando ao tremor, aquinésia, rigidez e instabilidade postural
(ERIKSEN; WSZOLEK; PETRUCELLI, 2005). Os mecanismos através dos
quais esse efeito protetor ocorre ndo se encontram totalmente esclarecidos, mas

parecem estar relacionados com a atividade antagonista da cafeina sobre os
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receptores da adenosina Al e A2A, no sistema nervoso central (CHEN et al.,
2001). Outros compostos quimicos presentes no café torrado poderdo contribuir
para uma associagdo inversa verificada entre a doencga de Parkinson e café. As -
carbonilas harmana e nor-harmana referidas como compostos envolvidos na
prevencao dessa doenga, devido a sua capacidade de inibir competitiva e
irreversivelmente as monoaminoxidades A e B (enzimas envolvidas no
metabolismo da dopamina e outros neurotransmissores). Elas se formam
essencialmente durante a torra do café, através de uma reagdo entre
indoletilaminas (exemplo: L-triptofano) e compostos carbonilicos como
acetaldeido ou formaldeido (HERRAIZ; CHAPARRO, 2006).

Alguns estudos epidemiologicos apontam para um papel neuroprotetor
da cafeina em relagdo ao desenvolvimento da doenga do Alzheimer (MAIA;
MENDONCA, 2002). A Doenca de Alzheimer é uma doenca neurodegenerativa,
que resulta na diminuigdo progressiva das capacidades cognitivas, por aumento
dos niveis cerebrais da proteina P-amiloide. Relata-se que o aumento do
estresse oxidativo no cérebro possui um papel essencial na patogé€nese
(ARENDASH et al.,, 2006). O mecanismo dessa prote¢do ndo se encontra
totalmente esclarecido. Um estudo realizado com culturas de células nervosas
animais sugere que o antagonismo dos receptores A2A da adenosina protege as
células nervosas contra a neurotoxicidade induzida pela proteina B-amiloide
(DALL’LGNA et al., 2003).

A trigonelina e os produtos provenientes de sua degradagdo térmica tém
recebido consideravel atencdo devido a sua importancia do ponto de vista
nutricional e sensorial. A trigonelina ¢ um composto nitrogenado encontrado em
maiores quantidades no café verde. Ela é importante para o sabor e aroma da
bebida do café. Ela é rapidamente degradada durante a torra originando, entre
outros compostos, a niacina, também designada por acido nicotinico ou vitamina

B3 (FARAH et al.,, 2005). O consumo moderado da bebida do café pode
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contribuir para a prevencdo do desenvolvimento da pelagra, que ¢ uma doenca
caracterizada por dermatite, diarreia e deméncia. Ocorre em situagdes de
desnutri¢do, quando se verifica uma caréncia de niacina ou de aminoacidos
essenciais como triptofano (RAMOS E SILVA; FILGUEIRA, 1989). A
trigonelina tem acdo sobre os hepatocitos (aumentando seu matabolismo), na
producdo da bile e na reducdo da mortalidade celular em modelos de hepatite
quimica por tetracloreto de carbono. Ela também pode impedir o
desenvolvimento de placas bacterianas e a formagdo de caries, através da
formagdo de barreiras protetoras e na reducdo da coloniza¢do do Streptococcus
mutans na superficie dentaria, podendo dessa forma ser eficaz na prevencdo da
queda de dentes induzida pelo S. mutans (MOREIRA; TRUGO; DE MARIA,
2000).

Os componentes fenolicos presentes nos vegetais tém recebido
consideravel atencdo por serem 0s principais componentes antioxidantes. A
atividade antioxidante dos compostos fenolicos tem sido atribuida as suas
propriedades de 6xido-redugdo, que desempenham importante papel na adsor¢io
e neutralizagdo de radicais livres (BASILE et al., 2005). Os 4acidos clorogénicos
constituem os principais e¢ mais abundantes compostos fenolicos com
propriedades antioxidantes no café e sdo de grande interesse economico devido a
sua degradagdo, durante a torracdo, originando pigmentos e compostos volateis
do aroma, como fenol e vinilguaiacol (MONTEIRO; TRUGO, 2005).

Em estudos realizados em ratos, o consumo de acidos clorogénicos e
produtos de sua degradacdo durante a torragdo provocaram uma diminui¢do da
concentragdo de glicose e um aumento da sensibilidade a insulina,
respectivamente (SHEARER et al., 2003). Diversos mecanismos de acdo dos
acidos clorogénicos foram estudados, em animais e in vitro, com o objetivo de
clarear os seus efeitos benéficos no metabolismo da glicose, entre os quais pode

citar: redugdo da absor¢@o de glicose no intestino (inibicdo da glicose-6-fosfato
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translocase 1); aumento subsequente dos niveis de peptideo-1 semelhante ao
glucagon (JOHNSTON; CLIFFORD; MORGAN, 2003); reducdo da libertacao
da glicose hepatica (por inibicdo da glicose-6-fosfatase); efeito antioxidante
(CLIFFORD, 1999), uma vez que o estresse oxidativo desempenha um papel no
desenvolvimento de resisténcia a insulina e diabetes tipo II (HAMILTON;
CHEW; WATTS, 2007); acdo quelante de metais, modificando a composi¢do
mineral dos tecidos e melhorando a tolerancia a glicose, como por exemplo o
aumento das concentragdes de magnésio no figado (RODRIGUEZ DE
SOTILLO; HADLEY, 2002 ); e inibi¢do da formagdo de compostos N-nitrosos
no trato gastrintestinal, que seriam toxicos para as células beta do pancreas
(VAN DAM et al., 2006).

Durante as ultimas décadas, estudos in vitro e in vivo levaram os
pesquisadores a atribuir diferentes fungdes farmacoldgicas aos acidos

clorogénicos, tais como:

a) anti-inflamatério em modelo de edema de pata induzido por
carragenina ¢ também como antinociceptivo em modelos animais
(DOS SANTOS et al., 2006);

b) antidepressivos e atuagdo no desejo de consumir alcool e drogas:
influencia diretamente a atuagdo da dopamina, uma substincia
responsavel pelas sensacdes de alegria e bem-estar, ¢ que ¢
controlada por receptores opioides (BOUBLIK et al., 1983);

¢) atividade inibitoria sobre as integrases que participam na replicagdo
do virus HIV (ZHU et al., 1999);

d) efeito indutor na replicagdo e na mobilidade de macréfagos, o que
acarretaria o aumento da imunidade (TATEFUJI et al., 1996) e
caracteristica antimutagénica (STICH; ROSIN; BRYSON, 1982).
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Os diterpenos cafestol e caveol, presentes na fracdo lipidica do café
possuem atividade quimioprotetora e anticarcinogénica. As atividades
quimioprotetoras desses compostos parecem estar associadas com modifica¢des
benéficas no metabolismo de xenobioticos que incluem inibigdo de enzimas do
citocromo P450, com consequente redugdo na ativacdo de substancias
mutagénicas/carcinogénicas (CAVIN et al, 2002). Dados experimentais
suportam a ideia que o caveol reduziu o processo inflamatoério do edema de pata
induzido por carragenina (KIM; KIM; JEONG, 2006).

A relagdo entre o consumo do café e o cancer de bexiga é controversa,
apesar dos muitos estudos publicados nas ultimas décadas. Alguns trabalhos
referem um risco de cancer na bexiga ligeiramente mais elevado nos
consumidores de café, comparativamente com aquelas pessoas que nao sdo
consumidoras, ndo sendo dependente da quantidade de café¢ ingerida. Nao se
sabe ainda, se essa leve associagdo ¢ casual ou se ¢ devida a algum outro fator,
como por exemplo, o uso associado de tabaco (ALVES; CASAL; OLIVEIRA,
2009). Alguns estudos indicam um ligeiro aumento no risco de desenvolvimento
de cancer do pancreas em individuos que ingerem elevadas quantidades de café,
mas a maioria das investigagdes ndo encontrou qualquer associagdo positiva,
especialmente para um consumo moderado. Nao ha evidéncias claras de que a
ingestdo de café possa causar cancer. Algumas investigagdes referem até um
papel positivo do café na prevencdo de determinado cancer, como: mama,
ovarios, pele, figado, colon e reto (GEORGE; RAMALAKSHMI; JAGAN
MOHAN RAO, 2008).

Estudos epidemioldgicos apontam para o papel protetor do café em
relagdo ao desenvolvimento de cirrose hepatica, especialmente cirrose alcodlica.
Diversos ensaios demonstraram uma diminui¢do dos niveis da enzima hepatica
gama-glutamiltransferase e uma reducdo da atividade alanina aminotransferase

sérica (marcadores da fungdo hepatica). Esse efeito benéfico pode ser devido a
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varios componentes do café como: cafeina, o cafestol, o caveol e os polifendis
(KENDRICK; DAY, 2007).

Os estudos realizados com consumidores moderados da bebida do café
sugerem que os sintomas usuais da asma podem ser reduzidos e, além disso, esse
consumo pode prevenir as manifestagdes clinicas da asma. A cafeina pode ser
um dos componentes responsaveis por essa atividade, pois exerce a fungdo
broncodilatadora, além de reduzir a fadiga dos musculos respiratérios (ALVES;
CASAL; OLIVEIRA, 2009).

Nesse contexto, o café tem sido estudado em diversos modelos
experimentais tendo sido provado que seu consumo pode contribuir para a
prevencdo de doencas como  Parkinson (ASCHERIO; CHEN;
SCHWARZSCHILD, 2003; SAAKSJARVI et al., 2008), diabetes (SMITH et
al., 2006, VAN DAM et al., 2006), Alzheimer (BARRANCO QUINTANA et
al., 2007), perda de peso (GREENBERG; BOOZER; GELIEBTER, 2006) e
hepatopatias (KLATSKY et al., 2006). Por outro lado ndo se demonstrou relagdo
entre o consumo de café e um aumento do risco cardiovascular (KLEEMOLA et
al., 2000), entretanto a relagdo entre o consumo de café e o risco de doengas
cardiovasculares foi analisada em muitos estudos, mas os resultados ainda sdo
controversos (LOPEZ-GARCIA et al., 2006; SOFI et al., 2007; VAN TOL et al.,
1997; VERHOEF et al., 2002). Contudo, em diversos estudos publicados, existe
uma verdade incontestavel: a ingestdo moderada de café ndo representa qualquer

risco para a saide (ALVES; CASAL; OLIVEIRA, 2009).
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3 CONCLUSOES

Os resultados obtidos neste trabalho sugerem que os extratos (aquoso e
etanodlico) de café¢ verde e torrado possuem propriedades de gerar efeito anti-
inflamatorio nos modelos de edema de pata induzido por carragenina, formalina
e peritonite induzida por LPS quando comparados com compostos anti-
inflamatorios padrdes. Esse efeito pode ser devido a presenga no café de
compostos com atividade antioxidante, como os flavonoides, acidos
clorogénicos, dentre outros, que foram determinados por métodos quimicos e
cromatograficos de analise. Além disso, esses resultados demonstraram que os
extratos de café verde possuem maior capacidade antioxidante medidas pelo
radical DPPH. Os extratos de café verde e de café torrado (aquoso e etandlico)
poderdo ser utilizados no desenvolvimento de formulagdes para tratamento de
desordens que envolvam processos oxidativos e inflamatdrios. Novos estudos
poderao ser realizados na busca da elucidacdo dos mecanismos de acdo, além da
determinagdo da seguranga e toxicidade dos extratos e assim agregar maior valor

ao café.
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Anti-inflammatory effect of aqueous extracts of roasted and green Coffea

arabica L.

ABSTRACT

Green coffee contains a large quantity and variety of polyphenols and
flavonoids. The roasting affects the composition of the polyphenols in coffee,
due to the formation of compounds generated by Maillard reaction, which can
have anti-inflammatory or antioxidant potential. The anti-inflammatory and
antioxidant effects of aqueous extracts of green (AGCa) and roasted (ARCa)
coffee beans were investigated in animal models and using a DPPH radical
scavenging test. In the formalin test the extracts reduced licking activity only in
the late phase. The inhibitory values of oedema at 3 h post-carrageenan were 53
and 74% for 100 and 300 mg/kg of the AGCa extract and 36% for ARCa (300
mg/kg). Leukocyte recruitment into the peritoneal cavity was inhibited by the
extracts. The antioxidant activities of the extracts were higher than the reference
antioxidants, ascorbic acid and butylated hydroxytoluene. These results indicate

that coffee extracts exhibit anti-inflammatory and antioxidant properties.

Key-words: inflammatory; antioxidant activity; chlorogenic acid; coffee;

oedema; polyphenols.
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1. INTRODUCION

Coffee has been enjoyed as a drink by millions of people worldwide for
at least one thousand years. Due to their unique taste and flavour, coffee brews
are among the most consumed beverages in Europe and America (Brezova et al.,
2009). Coffee is consumed for social engagements, leisure, enhancement of
work performance and well-being.

Epidemiological and experimental studies have indicated positive effects
of regular coffee consumption on various aspects of health, such as psychoactive
responses, neurological behaviour (e.g., infant hyperactivity), Alzheimer’s
disease, Parkinson’s disease, diabetes, gonad and liver function and cancer
(Dérea & Da Costa, 2005; Kempf et al., 2010; Nawrot et al., 2003).

Coffee is also known to be a rich source of compounds with potent
antioxidant activities (Nicoli et al., 1997; Svilaas et al., 2004). Several different
compounds contribute to coffee's antioxidant capacity, including caffeine
(Nawrot et al., 2003); polyphenols, including chlorogenic acids and volatile
aroma compounds and heterocyclic compounds, including pyrroles, oxazoles,
furans, thiazoles, thiophenes, imidazoles and pyrazines (Brezova et al., 2009).
Many of these compounds are efficiently absorbed and plasma antioxidants
increase after coffee intake (Dorea & Da Costa, 2005).

Coffee is a primary source of dietary antioxidants (Svilaas et al., 2004).
Green coffee beans extract contains high percentage of total polyphenol
antioxidants. This extract is a potent antioxidant, also a highly bioavailable
ingredient for adding increased functionality to nutrition based products (George
et al., 2008). Depending on the roasting conditions, natural coffee antioxidants
are partially decomposed or bound to polymer structures (Nicoli et al., 1997).
Roasting markedly affects its composition and some antioxidant properties are

lost; however, the overall antioxidant properties of coffee brews are maintained
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or even enhanced due to the formation of compounds possessing antioxidant
activity, including Maillard reaction products (Nicoli et al., 1997). Other
roasting by-products include biogenic amines (serotonin, spermidine and
agmatine), which are formed in relation to the degree of roasting (Dérea &
Costa, 2005).

Roasted coffee is a complex chemical mixture composed of more than
1000 different chemicals (Clarke & Macrae, 1989; George et al., 2008), some of
which may possess biological activities that could be considered potentially
beneficial, such as antioxidants. Coffee contains important chemical constituents
known to exist within functional foods: flavonoids (catechins, anthocyanins),
caffeic acid, and ferulic acid. Additional biologically active components found
in coffee include nicotinic acid, trigonelline, quinolinic acid, tannic acid,
pyrogallic acid, and caffeine (Dérea & da Costa, 2005). Since inflammation is
correlated with and influenced by various cytokines and chemokines, reduction
of those markers should decrease the degree of overall inflammation. Coffee is a
potentially beneficial substance because it contains compounds which all have
antioxidant or anti-inflammatory potential (Frost-Meyer & Logomarsino, 2012).
However, there are few reports on the anti-inflammatory activity of coffee (Kim
et al., 2006; Paur et al., 2010). The lack of scientific studies on the
pharmacological properties of coffee and the presence of anti-inflammatory
substances, such as flavonoids and antioxidants that are present in this genus,
has led us to study the extracts of green and roasted beans of Coffea arabica L.

in assays of inflammation animal models.
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2. MATERIAL AND METHODS

2.1. Materials and chemicals

Green coffee (C. arabica L.) cv. Yellow Bourbon, sieve 16/18, without
imperfections, harvested in 2010, and was kindly supplied by Ipanema Agro
Industria Ltda (Alfenas, MG, Brazil). The beans obtained by the dry process,
which yields natural coffees and by the semi-dry process were roasted
(Probatino Leogap - Probat®, Brazil) in a two-step laboratory roaster with a 1 kg
capacity at 200°C for sufficient time to yield medium-roasted samples. The
beans were finely commercially ground and packed in non-permeable
polypropylene/aluminium/polyethylene bags hermetically sealed under vacuum
and stored at -10°C for 24 h. Afterwards the extracts were prepared at room
temperature (25°C).

Reference standards such as caffeine, 5-caffeoylquinic acid (chlorogenic
acid; CGA), caffeic acid, gallic acid, trigonelline, Folin-Ciocalteu’s reagent,
quercetin, carrageenan, indomethacin, ascorbic acid, butylated hydroxytoluene
2,2-diphenyl-1-picrylhydrazyl radical (DPPH®) and sodium citrate and
phosphate buffered saline (PBS) reagents were purchased from Sigma Chemical
Co., St. Louis, MO, USA. HPLC solvents, such as acetonitrile and acetic acid

were purchased from Carlo Erba, Milan, Italy.
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2.2. Colour analysis

Colour analysis of the ground coffee was conducted using a tristimulus
colorimeter (Chromameter-2 Reflectance, Minolta, Osaka, Japan) equipped with
a CR-300 measuring head. The instrument was standardised against a white tile
before each measurement. Colour was expressed in L*, a* and b* International
Commission on Illumination (CIE) scale parameters. Five measurements were
performed on each sample and the coefficients of variation were expressed as
the percentage ratio between the standard deviation and the mean value, which

was less than 5%.

2.3. Preparation of extracts and reference drugs

Samples of powered green (not roasted) and roasted coffee beans (100
g) were extracted with 1000 ml of 90°C water followed by filtration. The water
was removed using a freeze-dryer (LIOBRAS L101, S3o Paulo, Brazil),
producing a powder for further use in the experiments. The aqueous extracts of
the green (AGCa) or roasted (ARCa) coffee beans were administered in 30, 100
and 300 mg/kg doses after being suspended in a vehicle (water). The control
group animals received the same experimental handling as those of the test
groups, except that the drug treatment was replaced with appropriate volumes of
the dosing vehicle. Indomethacin (10 mg/kg, p.o.) and morphine sulphate (1
mg/kg, i.p.) in vehicle were used as reference drugs. These time points and the
doses of extracts and drugs used in the present study were chosen on the basis of
previous studies (Moreira et al., 2008; Vilela et al., 2010; Santa-Cecilia et al.,
2011).



62

2.4. HPLC profile of coffee beans

The liquid chromatography (HPLC) profile was obtained using
Shimadzu LC-100 equipment with a UV/Vis Detector (monitoring 254 nm), an
automatic injector and LC solution software software (Shimadzu, Kyoto, Japan).
The HPLC apparatus was equipped with a C18 column (Shimadzu CLC-ODS;
4.6 x 250 mm; 5 pm). The mobile phase consisted of 0.5 mM aqueous acetic
acid (A) and acetonitrile (B) with a flow rate of 0.7 ml/min. The following
elution profile was used: 0-5 min 95:5 (v/v; A:B) (isocratic); 5-13 min 87:13
(v/v; linear); 13-27 min 87:13 (v/v; isocratic) and 27-30 min 95:5 (v/v; linear).

An equilibration period of 10 min was included between runs.

2.5. Determination of total phenolic and flavonoid content

The total content of phenolic phytochemicals was measured using the
Folin—Ciocalteu method (Singleton et al., 1999). The total phenolic content is
expressed in mg of gallic acid equivalents (GAE) per g of extract. Samples were
analysed in triplicate. The flavonoid content was measured using a previously
developed colorimetric assay (Kalia et al., 2008). The flavonoid content was
expressed as mg of quercetin equivalent (QE) per g of extract. Samples were

analysed in triplicate.

2.6. DPPH free radical-scavenging activity

The property to scavenge DPPH (1-diphenyl-2-picrylhydrazyl) free
radicals was measured according to the method described by Yen et al. (2005).
Various concentrations of aqueous extracts of green (AGCa) or roasted (ARCa)

coffee beans (Coffea arabica L.) in an ethanol solution (4.0 mL) were mixed
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with 1.0 mL DPPH (0.02% in ethanol). After incubation for 30 min in the dark
at room temperature, the absorbance was recorded at 517 nm. The controls
contained all of the reaction reagents except the extracts or the positive control
(ascorbic acid - AA or butylated hydroxytoluene - BHT). The scavenging
property was estimated based on the percentage of DPPH radicals scavenged
using the following equation: scavenging effect (%) = [(control absorbance -
sample absorbance) / (control absorbance)] x 100. The values are presented as
the mean of triplicate analyses. The ICs, value is the effective concentration that
could scavenge 50% of the DPPH radicals. Ascorbic acid and BHT standards

were used as positive controls.

2.7. Pharmacological procedures

2.7.1. Animals

Adult male Wistar rats (180-220 g) and adult male Swiss mice (25-35
g), obtained from the Central Animal Facility of the Federal University of
Alfenas, were housed under controlled light (12:12 h light-dark cycle; lights on
at 06:00 am) and temperature conditions (22 + 1°C) with access to water and
food ad libitum. At the end of experiment, rats were euthanised using an
overdose of halothane anesthetic. All experiments were conducted in accordance
with the Declaration of Helsinki on the welfare of experimental animals and
with the approval of the Ethics Committee of the Federal University of Alfenas
(290/2010).
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2.7.2. Evaluation of anti-inflammatory activity

2.7.2.1. Formalin-induced nociception

A formalin solution (5% in saline; 20 pl per paw) was injected into the
hind paw plantar surface (i.pl.) and the animals were individually placed in
transparent observation chambers as previously described (Milano et al., 2008).
Oral treatments (p.o.) with the vehicle, indomethacin and the coffee extracts
AGCa or ARCa were administered 1 h prior to formalin injection (n = 8 per
group). Morphine was administrated (i.p.) 30 min before the test. The time spent
licking the injected paw was recorded and expressed as the total licking time
during the early phase (0-5 min) and late phase (20-30 min) after formalin

injection.

2.7.2.2. Carrageenan-induced rat paw oedema

Pedal inflammation in the rat was produced as described previously
(Vinegar et al., 1969), following an overnight fast with free access to water. Paw
oedema was measured with a plethysmometer (Model 7140, Ugo Basile, Rome,
Italy), which consists of the immersion of the animals paws in a vat, containing
transducer ionic solution, was utilized to measure the edematogenic process and
the volume of the paw was established directly in ml, through a digital system.
The basal volume of the right hind paw was determined before the
administration of any drug. After determination of the basal volume, the animals
(n = 6 per group) were divided into experimental groups in such a way that the
mean volumes of the different groups were similar. The vehicle, the coffee
extracts AGCa and ARCa (30, 100, 300 mg/kg) or indomethacin (10 mg/kg)

were orally administered 1 h before the injection of carrageenan (1 mg, i.pl.).
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The paw volume was measured 1, 2, 3 and 4 h after injection of the

inflammatory stimulus.

2.7.2.3. Peritonitis induced by lipopolysaccharide in mice

To assess the possible effect of AGCa and ARCa on leukocyte
recruitment into the peritoneal cavity, the animals (n = 8 per group) were orally
pre-treated with the vehicle, extracts (30, 100, 300 mg/kg) or indomethacin and
1 hour after, lipopolysaccharide from E. coli serotype 026:B6 (LPS, 500 pg/kg;
i.p.) dissolved in pyrogen-free sterile saline were administered. The mice were
sacrificed four hours after the injection of LPS and the cells from the peritoneal
cavities were collected by injection of 3 ml of phosphate buffered saline (PBS)
containing 0.5% sodium citrate buffer. The abdomens were gently massaged and
the blood-free cell suspension was carefully aspirated with a syringe. Abdominal
washings were placed into plastic tubes and total cell counts were performed

immediately in a Neubauer chamber (Cunha et al., 1989).

2.8. Statistical analysis

Data were analysed using the GraphPad software program Version 5.0
and expressed as the mean £ S.E.M. Statistically significant differences between
the groups were calculated using analysis of variance (ANOVA) followed by the
Newman-Keuls test. A nonlinear regression was performed on the antioxidant
activity data to obtain the ICsy values (concentrations that inhibit the presence of
free radicals by 50.0%) and the curves were compared statistically using F test
(Woode et al., 2008). P—values less than 0.05 (p<0.05) were considered

statistically significant.
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3. RESULTS

3.1. Chemical characterisation

According to the L*, a* and b* colour space of the CIE (International
Commission on Illumination) parameters, our roasted coffee beans were
classified as ‘medium roast’.

The results of the HPLC analysis are presented in Table 1. Bioactive
compounds, such as chlorogenic acid (CGA), caffeine, caffeic acid and
trigonelline, were identified by comparison of the sample retention times with
standards. The amount of each compound present was quantified using an
external standard calibration. The retention times for the standards of
chlorogenic acid, caffeine, caffeic acid and trigonelline were 23.28, 24.22, 24.92

and 3.96 min, respectively.

Table 1. Concentrations of chlorogenic acid (CGA), trigonelline, caffeine and
caffeic acid in the aqueous extracts of green (AGCa) and roasted
(ARCa) coffee beans (Coffea arabica L.) (g/100g of ground).

CGA Trigonelline Caffeine Caffeic acid
AGCa  0.6471£0.006"  0.4522+0.005° 0.9189+0.001* 0.2723+0.006
ARCa  0.07703+0.002° 0.144440.001° 0.9172+0.001* 0.2124+0.016"

*Values are expressed as mean = SD (n = 3). ** Means within a column, followed by
different letters are significantly different by Newman test, p<0.05.

The total phenolic content, obtained by the Folin-Ciocalteu method, was
expressed in gallic acid equivalents. The results indicate that the levels of

polyphenolics in the AGCa and ARCa extracts were 60.6 and 63.8 mg/g extract,
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respectively. The contents of total flavonoids were 4.36 and 4.86 mg as

quercetin equivalents per g of the AGCa and ARCa extracts, respectively.

3.2. Radical-scavenging activity

As presented in Table 2, the extract of AGCa demonstrated similar
scavenging activity compared with the ARCa extract. The antioxidant activities
of the ARCa extract (7.1 and 4.4 fold for the references) and AGCa extract (8.1
and 5.0 fold, respectively) were higher than the reference antioxidants, ascorbic

acid and BHT.

Table 2. Scavenging activity of DPPH® of aqueous extracts of green (AGCa)
and roasted (ARCa) coffee beans (Coffea arabica L.) DPPH and the
standard ascorbic acid (AA) and butylated hydroxytoluene (BHT).

Sample ICso(pg/ml) SD

AGCa 1.134° 0.360

ARCa 1.298° 0.527
AA 9.185" 0.665
BHT 5.721° 1.259

®® Means within a column, followed by different letters are significantly different by F
test, p<0.05.

3.3. Anti-inflammatory activity

3.3.1. Formalin-induced nociception

At doses of 30-300 mg/kg p.o., a significant antinociceptive activity was

observed in comparison with the control, but only during the late phase (Fsso=
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11.43; p<0.0001 for ARCa and Fss5=11.62; p<0.0001 for AGCa). However, the
analgesic activity of the extracts during the early phase pain was not significant.
The reference drug, indomethacin, suppressed only the second phase of the
formalin test, whereas morphine inhibited both phases of the pain stimulus

(p<0.001; Fig. 1 and 2).
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Figure 1. Effects of Coffea arabica aqueous extracts roasted (ARCa) given orally on the licking induced by formalin in
mice. The animals were pretreated orally with vehicle, ARCa (doses 30, 100 and 300 mg/kg), indomethacin
(Indo: 10 mg/kg) or morphine (1 mg/kg) prior to formalin. The total time spent licking the hind-paw was
measured in the first (Panel A) and second (Panel B) phases after intraplantar injection of formalin. Each
column represents the mean with S.E.M. for eight mice in each group. The asterisks denote the significance
levels when compared with the control group:***p<0.001.
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Figure 2. Effects of Coffea arabica aqueous extracts green (AGCa given orally on the licking induced by formalin in
mice. The animals were pretreated orally with vehicle, AGCa (doses 30, 100 and 300 mg/kg), indomethacin
(Indo: 10 mg/kg) or morphine (1 mg/kg) prior to formalin. The total time spent licking the hind-paw was
measured in the first (Panel A) and second (Panel B) phases after intraplantar injection of formalin. Each
column represents the mean with S.E.M. for eight mice in each group. The asterisks denote the significance
levels when compared with the control group: ***p<0.001.
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3.3.2. Carrageenan-induced rat paw oedema.

Fig. 3A (ARCa) and Fig. 3B (AGCa) illustrate the significantly inhibited
carrageenan-induced rat paw oedema (F4s5 = 7.11; p<0.0001 and F4s5 = 15.92;
p<0.0001, respectively) at the 3rd hour. The inhibitory values of oedema at 3 h
post-carrageenan were 53 and 74% for 100 and 300 mg/kg, respectively, of the
AGCa extract (p<0.001, Newman-Keuls), and 36% for the ARCa extract (300
mg/kg, p<0.05, Newman-Keuls). This result is quite similar to that observed for
the group treated with indomethacin (10 mg/kg), which inhibited oedema
formation by 46%.

ARCa 30 mg/kg
ARCa 100 mg/kg
ARCa 300 mg/kg
Indo

Vehicle

$red o

Volume oedema (ml)

Hours

Figure 3A. Effects of the administration of the Coffea arabica L. aqueous extracts
roasted - ARCa at doses 30, 100 and 300 mg/kg, p.o.) or indomethacin
(Indo: 10 mg/kg, p.o.) on rat paw oedema induced by intraplantar
carrageenan injection (1 mg per paw). Each point represents the mean
+ S.E.M. of eight animals. The asterisks denote the significance levels
when compared with the vehicle group: *** p<0.001, ** p<0.01., *
p<0.05.
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AGCa 30 mg/kg
AGCa 100 mg/kg
AGCa 300 mg/kg
Indo

Vehicle
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Figure 3B. Effects of the administration of the Coffea arabica L. aqueous
extracts green - AGCa at doses 30, 100 and 300 mg/kg, p.o.) or
indomethacin (Indo: 10 mg/kg, p.o.) on rat paw oedema induced by
intraplantar carrageenan injection (1 mg per paw). Each point
represents the mean + S.E.M. of eight animals. The asterisks denote
the significance levels when compared with the vehicle group: ***
p<0.001, ** p<0.01., * p<0.05.

3.3.3. Peritonitis induced by lipopolysaccharide in mice

Fig. 4 illustrates that the ARCa (A) and AGCa (B) extracts significantly
inhibited leukocyte recruitment into the peritoneal cavity in rats (Fg s, = 26,78;
p<0.001 and Fg¢s, = 25,97; p<0.001, respectively). The inhibitory values of
leukocyte recruitment at 4 h post-LPS were 46, 52 and 41% for 30, 100 and 300
mg/kg of the ARCa extract, respectively, while the inhibitory effect of non-
steroidal indomethacin (10 mg/kg) was 42%. The assay of AGCa extract
inhibited by 45, 39 and 36% with 30, 100 and 300 mg/kg, respectively, while

indomethacin presented a mean reduction of 38%.
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Figure 4. Effects of the administration of the Coffea arabica aqueous extracts roasted - ARCa (Panel A) and green -
AGCa (Panel B), at doses 30, 100 and 300 mg/kg, p.o.) or indomethacin (Indo: 10 mg/kg, p.o.) on
lipopolysaccharide-induced recruitment of leukocytes into the peritoneal cavity of rats. Each column represents
the mean + S.E.M. of eight animals per group. ***p<0.001 compared with the saline + vehicle group. ##
p<0.01 and ### p<0.001 compared with LPS + vehicle group.
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4. DISCUSSION

Coffee is consumed for its desirable flavour and medicinal benefits
(Dérea & Da Costa, 2005). In this study, we sought to evaluate the anti-
inflammatory and antioxidant properties of the extracts of roasted and green
coffee beans.

Colour analysis of the ground coffee is in agreement with results reported
(Nicoli et al., 1997). The contents of caffeine, trigonelline, CGA and caffeic acid
in commercial coffee may be greatly influenced by the coffee species, variety,
geographical origin and roasting conditions (Clarke & Macrae, 1989). AGCa
contained the greatest concentrations of trigonelline, caffeic acid and
chlorogenic acids compared with ARCa (p<0.05). Furthermore, the values
observed were in strong agreement with those reported in the literature (Duarte
et al., 2010; Niseteo et al., 2012; Perrone et al., 2008), where they were
measured using diverse methodologies.

The roasting process caused a significant decrease in the trigonelline
content, which has previously been reported in the literature (Farah et al., 2006).
Roasting also greatly contributed to the aroma and flavour of the final drink.
This behaviour is expected because trigonelline is thermally labile and degrades
during the roasting process (Perrone et al., 2008). The average loss of total
trigonelline from green to roasted beans was 68%. Trigonelline losses of 50—
80% after roasting have previously been reported (Farah et al., 2006).

According to the results of the HPLC analysis performed in our study,
AGCa beans were the richest source of CGA, while the lowest CGA content was
observed in the ARCa beans. Chlorogenic acids are heavily degraded during
roasting. The thermal degradation of CGA during roasting results in the
formation of phenolic substances that contribute to bitterness and aromatic

compounds like phenols (Duarte et al., 2010). The average reduction of total
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CGA from green to roasted beans was 88%. Farah et al. (2006) found similar
values of CGA reduction (93%). Caffeic acid is a product of thermal degradation
of CGA during roasting (Clarke & Macrae, 1989). Based on the obtained results,
AGCa beans provide greater caffeic acid contents than ARCa beans.

Caffeine, a xanthine derivative, presents a characteristic bitter taste that
is reportedly important to coffee flavour (Farah et al., 2006). Caffeine was
observed in all coffee extracts. As expected, roasting did not affect the caffeine
content, which is in agreement with the results of Clarke & Macrae (1989) and
Farah et al. (20006).

The scavenging activity of DPPH® is based on the reduction of the
purple DPPH® to a yellow hydrazine compound. When the purple DPPH® reacts
with hydrogen donors (RH) or other radicals [A'] (Yen et al., 2005), a decrease
in the absorbance can be detected spectrophotometrically at A = 515-528 nm.
This study can suggest that the scavenging activity of the extracts is likely due to
the high concentration of phenolic compounds obtained through extraction with
water at high temperatures (90-100°C).

Phenolic compounds in this beverage (chlorogenic acids, ferulic acid
and p-coumaric acid) have a strong antioxidant capacity (Brezova et al., 2009),
which reduces the risk of endothelial dysfunction and expression of
inflammatory molecules (Pandey & Rizvi, 2009). Although not fully understood,
several action mechanisms are proposed to explain in vivo anti-inflammatory
action. One of the important mechanisms is an inhibition of eicosanoid-
generating enzymes, including phospholipase A2, cyclooxygenases and
lipoxygenases, thereby reducing the concentrations of prostanoids and
leukotrienes (Kim et al., 2004).

A variety of biological effects have been ascribed to flavonoids (Calixto
et al., 2004). Much attention has been given to their antioxidant (Svilaas et al.,

2004) and anti-inflammatory properties in vitro and in vivo (Calixto et al., 2004;
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Kim et al., 2004) and their analgesic activity (Garcia-Leme et al., 1973). Coffee
brews represent a remarkable source of antioxidants, with contents comparable
to those of the bioactive compounds in tea and wine (Niseteo et al., 2012;
Svilaas et al., 2004).

Epidemiological studies have found that coffee is associated with
reduced biomarkers of oxidative stress (Lee et al., 2004). Inflammation is
closely related to oxidative stress. Reactive oxygen and nitrogen species are
involved in the redox regulation of cell functions. Oxidative stress is
increasingly viewed as a major upstream component in the signalling cascade
involved in inflammatory responses and the stimulation of adhesion molecule
and chemoattractant production (Surh & Packer, 2005).

Formalin-induced nociception measures the ability of the substance to
attenuate moderate continuous pain generated by injured tissue (Tjolsen et al.,
1992). In the present study, AGCa and ARCa produced antinociception only
against the inflammatory phase of formalin, suggesting that they may be more
effective against inflammatory pain. Drugs that act primarily as central
analgesics inhibit both phases, whereas the second phase (inflammatory phase)
is characterised by the emergence of a local inflammatory process, where
mediators of inflammation are produced (Tjolsen et al., 1992). Inhibition of the
late phase is due to inflammation causing the release of serotonin, histamine,
bradykinin and prostaglandins, which, at least to some degree, can cause
sensitisation of the central nociceptive neurons (Verma et al., 2005).

The most widely used primary test for screening anti-inflammatory
agents is carrageenan-induced oedema in the mouse hind paw (Moreira et al.,
2008), which has frequently been used to assess the anti-oedematogenic effect of
natural products (Santa-Cecilia et al., 2011). After intraplantar injection of
carrageenan into rat paws, there are two successive inflammatory phases,

followed by a third, no characteristic phase. Within the first hour after
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carrageenan injection, vascular permeability increases, mediated by histamine
and serotonin release; in the second hour, permeability increases as a result of
the liberation of kinins and finally, within the third hour, prostaglandins come
into action (Moreira et al., 2008). The treatment of animals with AGCa and
ARCa extracts one hour before carrageenan application also demonstrated mean
inhibition at the third hour after stimulus, suggesting another action mechanism
derived from arachidonic acid pathways (DiRosa et al., 1971).

By analysing the extracts of green and roasted coffee, one can observe
that green coffee extracts (AGCa) in doses of 100 and 300 mg/kg were mostly
effective in the inhibition of oedema induced by carrageenan. This result can be
attributed to an increased amount of chlorogenic acids present in the green
coffee beans. During roasting, chlorogenic acids are progressively degraded
(Trugo & Macrae, 1986).

Consistent with previous studies, LPS-induced peritonitis was followed
by a significant increase in the number of leukocytes in the peritoneal cavity of
rats, compared with the control group treated only with the vehicle (Cunha et al.,
1989). In this test, our results demonstrated that AGCa and ARCa extracts
significantly reduced leukocyte migration to the peritoneal cavity, demonstrating
that the extracts most likely contain active anti-inflammatory agents. Cell
recruitment during inflammation depends on the orchestrated release of local
mediators, which is responsible for local vascular and tissue changes and the
recruitment of host defence cells (Thomazzi et al., 2010).

A reduction of the late phase behavioural response to an i.pl. formalin
injection was observed, demonstrating the anti-inflammatory activity produced
by extracts. The results obtained from the carrageenan-induced rat paw oedema
and lipopolysaccharide-induced peritonitis tests also confirmed this effect. These
results are in agreement with those of Kim et al. (2006), who reported that

kahweol, a coffee-specific diterpene, significantly reduced the paw oedema
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induced by carrageenan and also markedly reduced the level of PGE, production
in the inflamed paw. Furthermore, Paur et al. (2010) reported that dark-roasted
coffee correlates with the efficiency of dampening inflammation-induced
nuclear factor kB activity. However, Ramalakshmi et al. (2009), in another
inflammation model (J774A.1 cell assay), demonstrated that the methanolic
extracts of low-grade green coffee induced limited anti-inflammatory activity.
Corroborating our results, Dos Santos et al. (2006) demonstrated that
chlorogenic acids inhibited carrageenan-induced paw oedema beginning at the
2nd hour of the experimental procedure. CGA also inhibited the number of
flinches in the late phase of the formalin-induced pain test. Such activities may
be derived from the inhibitory action of CGA in the peripheral synthesis/release
of inflammatory mediators involved in these responses. Yonathan et al. (2006)
concluded in another study that chlorogenic acids contribute to the anti-

inflammatory and antinociceptive activities of Cheilanthes farinosa.
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5. CONCLUSIONS

Results reported here suggest that aqueous extracts of Coffea arabica L.
display considerable anti-inflammatory action by alleviating paw oedema,
formalin-induced pain and reducing LPS-induced leukocyte migration in the
peritonitis test. The mechanism of effect may be due to the presence of anti-
inflammatory substances like flavonoids and antioxidants, which are present in
Coffea, as evidenced by previous reports. Our results suggest a better anti-
inflammatory effect for the extract of green coffee compared with roasted
coffee. In the future, the extracts of Coffea arabica L. may have potential

therapeutic value in the treatment of inflammatory disorders.
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6. ABREVIATIONS

AGCa: aqueous extracts of green coffee beans; ARCa: aqueous extracts
of roasted coffee beans; DPPH: 1-diphenyl-2-picrylhydrazyl; DPPH®: 2,2-
diphenyl-1-picrylhydrazyl radical, AA: ascorbic acid; BHT:
butylhydroxytoluene; 5-CQA: chlorogenic acid; CGA: chlorogenic acid; CIE:
International Commission on Illumination; p.o.: per oral; i.p.: intraperitoneal;
i.pl.: intraplantar; HPLC: high performance liquid chromatography; UV/Vis:
ultraviolet/ visible; GAE: gallic acid equivalent; QE: quercetin equivalent;
PGE,: prostaglandin E,; ICsy: 50% inhibitory concentration; LPS:
lipopolysaccharide; PBS (phosphate buffered saline).
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SUPPLEMENTARY DATA

Anti-inflammatory effect of aqueous extracts of roasted and green Coffea

arabica L.

Table S1: DPPH radical scavenging activity (%) of aqueous extract of green
(AGCa) and roasted (ARCa) coffee beans and standards
butylhydroxytoluene (BHT) and ascorbic acid (AA).

[ARCa], pg/ml Scavenging effect (%)
3.125 51.88 51.84 54.16
6.25 55.49 56.21 57.92
12.5 60.88 56.56 61.28
25 72.75 74.04 75.04
50 76.79 81.31 79.00
100 67.41 77.00 75.94
200 70.27 70.18 64.81
[AGCa], pg/ml Scavenging effect (%)
3.125 56.92 58.04 61.44
6.25 60.79 60.31 64.56
12.5 66.00 70.80 70.80
25 78.96 81.47 84.48
50 76.63 79.67 75.79
100 80.29 81.75 82.86
200 75.2 79.67 78.34
[AA], pg/ml Scavenging effect (%)
3.125 15.65 22.38 27.04
6.25 11.60 25.17 29.44
12.5 66.82 65.21 69.76
25 97.93 98.16 98.08
50 98.09 94.66 98.34
100 97.45 98.52 98.50

200 99.05 98.37 98.34
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Table S1, continuation

[BHT], ng/ml Scavenging effect (%)

3.125 32.82 34.18 39.36
6.25 4191 47.29 47.92
12.5 61.60 61.97 65.12
25 71.49 69.79 67.37
50 78.22 78.93 55.49
100 85.21 83.68 85.86
200 86.17 85.31 87.07

The ECs, was obtained by nonlinear regression equation three

parameters (GraphPad software program Version 5.0):

y = T

1+ (EC5/ C)°

C: sample concentration
ECso: concentration that produces 50% of reduction
T: the upper limit of kidnapping (the top)

s: variable Hill coefficient (slope factor).
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Ethanol extracts of Coffea arabica L. attenuate inflammation

ABSTRACT

Our aim in this study was to evaluate the anti-inflammatory and
antioxidant effects of ethanol extracts of roasted (ERCa) and green (EGCa)
coffee beans (Coffea arabica L.) using animal models and a 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging test. Paw licking induced by
formalin, carrageenan-induced paw oedema and peritonitis tests were used to
investigate the anti-inflammatory activities of the extracts. In the formalin test,
the second phase of paw licking was significantly inhibited by both extracts. The
extracts of Coffea arabica L. significantly reduced paw oedema at three hours
after stimulus. Leukocyte recruitment into the peritoneal cavity was inhibited by
the extracts. The DPPH radical scavenging ability was also investigated, and the
results confirmed the antioxidant activity of the extracts. These results indicate
that coffee extracts exhibit anti-inflammatory and antioxidant properties due to

the activities of coffee-derived compounds.

Key words: antioxidant activity, anti-inflammatory activity, coffee, oedema;

polyphenols.
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1 INTRODUCTION

Coffee is a major commodity worldwide and is one of the most
commonly consumed beverages. The high consumption of coffee around the
world has stimulated research regarding the biological activity of roasted and
green coffee beans. In recent years, the biological and health effects of coffee
have been extensively investigated in various animals and in vitro model
systems, as well as in humans.' For example, its positive effects on performance
and protection against some types of cancers, liver disease, Alzheimer’s disease,
Parkinson’s disease and diabetes have been documented.>’

Coffee contains a substantial amount of antioxidants, which may explain
some of its potential beneficial activities. Several other important active
components have also been identified. Phenolic compounds in coffee are known
to have antioxidant activity. The most prevalent of these compounds is
hydroxycinnamic acid, and a major component of this class is caffeic acid,
which is present in foods primarily as esters called chlorogenic acids (CGAs).
Coffee is the major source of CGA in the human diet.’ Roasting markedly
affects the composition of the coffee beans, and antioxidant properties are lost
during roasting. However, the overall antioxidant properties of brewed coffee
are maintained or even enhanced due to the formation of compounds possessing
antioxidant activity, including Maillard reaction products.”

In their review, Frost-Meyer and Logomarsino (2012)° suggested that
coffee is a promising anti-inflammatory agent. However, there are few reports
on the anti-inflammatory activity of coffee."” We have previously demonstrated
that aqueous extracts of Coffea arabica L. have considerable anti-inflammatory
effects.® As a continuation of our studies on Brazilian coffee, we performed a

chemical analysis of the bioactive compounds in coffee and studied the ethanol
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extracts of coffee in inflammation assays in animal models. The results of this

study can aid in the development of phytotherapeutics from coffee.
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2 MATERIALS AND METHODS

2.1 Materials and chemicals

Green coffee (C. arabica L.) cv. Yellow Bourbon, sieve 16/18, without
imperfections, harvested in 2010 was kindly supplied by Ipanema Agro Industria
Ltda (Alfenas, MG, Brazil). The beans were obtained using the dry process,
which yields natural coffee, and were roasted (Probatino Leogap - Probat®,
Brazil) in a two-step laboratory roaster with a 1 kg capacity at 200°C for a
sufficient time to yield medium-roasted samples. The beans were finely
commercially ground and packed in non-permeable
polypropylene/aluminium/polyethylene bags that were hermetically sealed under
vacuum and stored at -10°C. The extracts were prepared at room temperature
(25°C).

Reference standards, including caffeine, 5-caffeoylquinic acid
(chlorogenic acid, CGA), caffeic acid, gallic acid and trigonelline; Folin-
Ciocalteu’s reagent; quercetin; carrageenan; indomethacin; ascorbic acid;
butylhydroxytoluene; 1,1-diphenyl-2-picrylhydrazyl (DPPH);
carboxymethylcellulose (CMC); sodium citrate; and PBS (phosphate-buffered
saline) reagents were purchased from Sigma Chemical Co., St. Louis, MO,
USA. HPLC solvents, including acetonitrile and acetic acid, were purchased

from Carlo Erba, Milan, Italy.

2.2 Colour analysis

Colour analysis of the ground coffee was performed using a tristimulus

colorimeter (Chromameter-2 Reflectance, Minolta, Osaka, Japan) equipped with

a CR-300 measuring head. The instrument was standardised using a white tile
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before each measurement. Colour was expressed using the colour parameters L*,
a*, and b* specified by the International Commission on Illumination (CIE).
Five measurements were taken for each sample, and the coefficients of variation,
expressed as the percentage ratio of the standard deviation to the mean value,

were less than 5%.

2.3 Preparation of extracts and reference drugs

Samples of powered green (not roasted) and roasted coffee beans (100
g) were extracted with 1000 ml of ethanol (tree times) followed by filtration.
The solvent was removed under reduced pressure and then dried with a spray
dryer (LIOBRAS L101, Sao Paulo, Brazil).

The ethanol extract of roasted coffee beans (ERCa) and the ethanol
extract of green coffee beans (EGCa) were administered at doses of 30, 100 and
300 mg/kg in vehicle (aqueous solution of 0.5% CMC). The control group
animals received the same experimental handling as the test groups, except that
the drug solution was replaced with the appropriate volume of the vehicle (10
ml/kg). Indomethacin (10 mg/kg, p.o.) and morphine sulphate (1 mg/kg, i.p.) in

vehicle were used as reference drugs.

2.4 HPLC profile of coffee beans

The liquid chromatography (HPLC) profiles were determined using a
Shimadzu LC-100 system with a UV/Vis Detector (monitoring 254 nm), an
automatic injector and LC solution software (Shimadzu, Kyoto, Japan). The
HPLC apparatus was equipped with a C18 column (Shimadzu CLC-ODS; 4.6 x
250 mm; 5 pm). The mobile phase consisted of 0.5 mM aqueous acetic acid (A)

and acetonitrile (B) with a flow rate of 0.7 ml/min. The following elution profile
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was used: 0-5 min, 95:5 (v/v; A:B) (isocratic); 5-13 min, 87:13 (v/v; linear); 13-
27 min, 87:13 (v/v; isocratic) and 27-30, 95:5 (v/v; linear). An equilibration

period of 10 min was included between runs.

2.5 Determination of the total phenolic and flavonoid contents

The total content of phenolic phytochemicals was measured using the
Folin—Ciocalteu method.” The total phenolic content is expressed in milligrams
of gallic acid equivalents (GAE) per gram of extract. The flavonoid content was
measured using a previously developed colourimetric assay.'’ The flavonoid
content was expressed as milligrams of quercetin equivalents (QE) per gram of

extract. Samples were analysed in triplicate.

2.6 DPPH free radical-scavenging activity

The DPPH assay was performed according to the method of Yen, Chang
and Duh."" Different concentrations of ERCa or EGCa in ethanol (4.0 ml) were
mixed with 1.0 ml of DPPH (0.02% diluted in ethanol). After incubation of the
samples in the dark at room temperature, the absorbance was recorded at 517
nm. The controls contained all the reaction reagents except the extracts and also
contained the positive control reagents (ascorbic acid - AA or
butylhydroxytoluene - BHT). The results were estimated based on the
percentage of DPPH radicals scavenged using the following equation:
Scavenging effect (%) = ([control absorbance — sample absorbance]/control
absorbance) x 100. The values are presented as the means of triplicate analyses.
The 50% effective concentration (ICsq) value is the effective concentration that

could scavenge 50% of the DPPH radicals.
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2.7 Pharmacological procedures

2.7.1 Animals

Adult male Wistar rats (180-220 g) and adult male Swiss mice (25-35
g), which were obtained from the Central Animal Facility of the Federal
University of Alfenas, were housed under controlled light (12:12 h light-dark
cycle; lights on at 06:00 am) and temperature conditions (22 + 1°C) with access
to water and food ad libitum. At the end of experiment, the rats were euthanised
using an overdose of halothane anaesthetic. All experiments were conducted in
accordance with the Declaration of Helsinki on the welfare of experimental
animals and with the approval of the Ethics Committee of the Federal University

of Alfenas (290/2010).

2.7.2 Evaluation of anti-inflammatory activity

2.7.2.1 Formalin-induced nociception

A formalin solution (5% in saline; 20 pl/paw) was injected into the hind
paw plantar surface (i.pl.), and the animals were individually placed in
transparent observation chambers, as previously described.'” Oral treatments
(p.o.) with vehicle, indomethacin, ERCa or EGCa were administered 1 h prior to
formalin injection (n=8 per group). Morphine was administered (i.p.) 30 min
before the test. The time spent in licking the injected paw was recorded and
expressed as the total licking time in the early phase (0-5 min) and late phase

(20-30 min) after formalin injection.
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2.7.2.2 Carrageenan-induced rat paw oedema

Paw oedema was measured with a plethysmometer (Model 7140, Ugo
Basile, Rome, Italy). The basal volume of the right hind paw was determined
before the administration of any drug. After determination of the basal volume,
the animals (n=6 per group) were divided into experimental groups in such a
way that the mean volumes of the different groups were similar. Vehicle, ERCa
and EGCa or indomethacin was orally administered 1 h before the i.pl. injection
of carrageenan (1 mg -100 pl). The paw volume was measured 1, 2, 3 and 4 h
after injection of the inflammatory stimulus. The results are presented as the paw

volume (ml) variation in relation to the basal values."

2.7.2.3 Peritonitis induced by lipopolysaccharide in mice

To assess the possible effects of ERCa and EGCa on leukocyte
recruitment into the peritoneal cavity, animals (n=8 per group) were orally pre-
treated with vehicle, extracts or indomethacin, and 1 hour later,
lipopolysaccharide from E. coli serotype 026:B6 (LPS, 500 pg/kg; i.p.)
dissolved in pyrogen-free sterile saline was administered. Four hours after the
injection of LPS, mice were killed, and the cells in the peritoneal cavities were
collected by injection of 3 ml of PBS containing 0.5% of sodium citrate buffer.
The abdomens were gently massaged, and the blood-free cell suspension was
carefully aspirated with a syringe. The abdominal washings were placed into
plastic tubes, and total cell counts were performed immediately using a

14
Neubauer chamber.
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2.8 Statistical analysis

Data were analysed using the GraphPad software program Version 5.0
and expressed as the mean £ S.E.M. Statistically significant differences between
the groups were calculated using analysis of variance (ANOVA) followed by the
Newman-Keuls test. A nonlinear regression was performed on the antioxidant
activity data to obtain the IC50 wvalues (concentrations that decrease the
concentration of free radicals by 50.0%), and the curves were compared
statistically using an F test. P—values less than 0.05 (p<0.05) were considered

statistically significant.
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3 RESULTS

3.1 Chemical characterisation

According to the L*, a* and b* ICI (International Commission on
Illumination) parameters, our roasted coffee beans were classified as medium
roast. The results of the HPLC analysis and the polyphenol and flavonoid
contents are presented in Table 1. Bioactive compounds, such as CGA, caffeine,
caffeic acid and trigonelline, were identified by comparison of the sample
retention times with those of standards, and the amount of compound present
was quantified using an external standard calibration. The retention times for the
standards of CGA, caffeine, caffeic acid and trigonelline were 22.95, 24.06,
24.69 and 4.05 min, respectively.

Table 1. Chemical contents of coffee extracts. *> Means within a line, followed
by different letters are significantly different by Newman test, p<0.05.

EGCa ERCa
CGA (g/100g extract) 0.890+0.006" 0.037+0.001°
Trigonelline (g/100g extract) 0.466+0.005" 0.139+0.001°
Caffeine (g/100g extract) 1.520+0.004" 1.422+0.007°
Caffeic acids (g/100g extract) 0.505+0.006" 0.140+0.019°
Flavonoids (mg quercetin/g extract) 3.87 5.74
Polyphenols (mg gallic acid/g extract) 68.4 69.9

As shown in Table 2, the scavenging capacity of EGCa was greater than

that of ERCa at all concentrations. EGCa was more active than the BHT and AA
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standards, and this activity was dose dependent; i.e., there were increases in

protection with increasing concentration.

Table 2. Scavenging activity of DPPH® of ethanol extracts of green (EGCa) and
roasted (ERCa) coffee beans (Coffea arabica L.) DPPH and the
standard ascorbic acid (AA) and butylated hydroxytoluene (BHT). *"*
Means within a column, followed by different letters are significantly
different by F test, p<0.05.

Samples 1Cso (ng/ml)
ERCa 16.8+3.00°
EGCa 4.26+0.68"
AA 9.1440.75°
BHT 7.66+0.88°

3.2 Anti-inflammatory activity

3.2.1 Formalin-induced nociception

In the formalin test, the vehicle-treated mice had mean licking times of
5845 s in the first phase (0—5 min) and 130£19 s in the second phase (15-30
min). As shown in Figures 1 and 2, mice pre-treated with both ERCa and EGCa
showed a reduced response to formalin only in the second phase (inflammatory
phase) (Fsso = 11.43; p<0.001 for ERCa and Fs5; = 11.62; p<0.001 for EGCa)
for the 30, 100 and 300 mg/kg doses. The analgesic activity of the extracts
during the early phase was not found to be significant. The reference drug,
morphine, significantly blocked the pain response to formalin during both
phases (first-phase, 61 s and second-phase, 16+6 s). However, indomethacin

exhibited significant activity (p<0.001) only during the second phase.
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Figure 1. Effects of Coffea arabica ethanol extracts roasted (ERCa) given orally on the licking induced by formalin in
mice. The animals were pretreated orally with vehicle, ERCa (doses 30, 100 and 300 mg/kg), indomethacin
(Indo: 10 mg/kg) or morphine (1mg/kg) prior to formalin. The total time spent licking the hind-paw was
measured in the first (Panel A) and second (Panel B) phases after intraplantar injection of formalin. Each
column represents the mean with S.E.M. for eight mice in each group. The asterisks denote the significance
levels when compared with the control group: ***p<0.001.
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Figure 2. Effects of Coffea arabica ethanol extracts green (EGCa) given orally on the licking induced by formalin in
mice. The animals were pretreated orally with vehicle, EGCa (doses 30, 100 and 300 mg/kg), indomethacin
(Indo: 10 mg/kg) or morphine (1mg/kg) prior to formalin. The total time spent licking the hind-paw was
measured in the first (Panel A) and second (Panel B) phases after intraplantar injection of formalin. Each
column represents the mean with S.E.M. for eight mice in each group. The asterisks denote the significance
levels when compared with the control group: *** p<0.001, **p<0.01.
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3.2.2 Carrageenan-induced rat paw oedema

Fig. 3 shows that ERCa (panel A) and EGCa (panel B) significantly
inhibited carrageenan-induced rat paw oedema (F;20=5.04; p<0.001, and
F445=11.31; p<0.0001, respectively) at the 3rd hour. The per cent inhibition of
oedema values at 3 h post-carrageenan administration were 46, 40 and 44% for
30, 100 and 300 mg/kg ERCa, respectively (p<0.001, Newman-Keuls), 31 and
26 for 30 and 100 mg/kg EGCa, respectively (p<0.01, Newman-Keuls), and
40% for 300 mg/kg EGCa (p<0.001, Newman-Keuls). These results were quite
similar to that observed for the group treated with indomethacin (10 mg/kg),
which inhibited the development of oedema by 50%.

7 —A— ERCa 30 mg/kg

0.4 —&- ERCa 100 mg/Kg
—©- ERCa 300 mg/kg

0.3 —¥— Indomethacin
—©— Vehicle

o
N

Volume edema (ml)

o
=
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Figure 3 A. Effects of the administration of the Coffea arabica L. ethanol
extracts roasted - ERCa (Panel A) at doses 30, 100 and 300 mg/kg,
p.o.) or indomethacin (10 mg/kg, p.o.) on rat paw edema induced
by intraplantar carrageenan injection (1 mg/paw). Each point
represents the mean + S.E.M. of eight animals. The asterisks
denote the significance levels when compared with the vehicle
group: ***p<0.001, **p<0.01, *p<0.05.
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Figure 3 B. Effects of the administration of the Coffea arabica L. ethanol
extracts green - EGCa at doses 30, 100 and 300 mg/kg, p.o.) or
indomethacin (10 mg/kg, p.o.) on rat paw edema induced by
intraplantar carrageenan injection (I mg/paw). Each point
represents the mean + S.E.M. of eight animals. The asterisks
denote the significance levels when compared with the vehicle
group: ***p<0.001, **p<0.01, *p<0.05.

3.2.3 Peritonitis induced by lipopolysaccharide

Figure 4 shows that ERCa (A) and EGCa (B) significantly inhibited
leukocyte recruitment into the peritoneal cavity in mice (F¢49=39.16; p<0.0001,
and F45,=30.35; p<0.0001, respectively). The per cent inhibition values for
leukocyte recruitment at 4 h post-LPS administration were 28, 35 and 29% for
30, 100 and 300 mg/kg ERCa, respectively. EGCa inhibited leukocyte
recruitment by 45, 35 and 39% at 30, 100 and 300 mg/kg, respectively.

Indomethacin induced a mean reduction of 41%.
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Figure 4. Effects of the administration of the Coffea arabica ethanol extracts roasted - ERCa (Panel A) and green - EGCa
(Panel B), at doses 30, 100 and 300 mg/kg, p.o.) or indomethacin (Indo: 10 mg/kg, p.o.) on lipopolysaccharide-
induced recruitment of leukocytes into the peritoneal cavity of mice. Each column represents the mean =+
S.E.M. of eight animals per group. ***p<0.001 compared with the saline + vehicle group. ### p<0.001
compared with LPS + vehicle group.

SO1
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4 DISCUSSION

The high worldwide consumption of coffee has prompted the study of
the biological activities of green and roasted coffee. Coffee contains multiple
substances that impact inflammatory markers.” In this study, we sought to
evaluate the anti-inflammatory and antioxidant properties of the ethanol extracts
of roasted and green coffee beans.

Our colour analysis results for the ground coffee are in agreement with
previously reported results.® The chemical composition of green coffee depends
primarily on the variety of the coffee, although slight variations are possible due
to agroclimatic conditions, agricultural practices, processing and storage.” EGCa
contained higher concentrations of trigonelline, caffeine, caffeic acid and
chlorogenic acids than ERCa. Furthermore, the observed values were in good

agreement with those reported in the literature,'>"”

which were determined using
a variety of methods. The roasting process caused significant decreases in the
trigonelline (50-80%) and CGA (93%) contents after roasting, as previously
reported,™'® greatly contributing to the aroma and flavour of the final beverage.
In this study, the average decreases in the total trigonelline and CGA contents
after roasting were 70% and 96%, respectively.

The antioxidant activities of EGCa were higher than those of the
references antioxidants AA and BHT (2.1 and 1.8-fold higher, respectively),
whereas ERCa exhibited weak radical-scavenging activities and was 1.8 and 2.2
times less active than AA and BHT, respectively. These activities were
monitored spectrophotometrically at 517 nm.”” Based on these values, we can
hypothesise that the scavenging activities of the extracts are likely due to the
high concentrations of phenolic compounds. Corroborating our data, Daglia,
Papetti, Gregotti et al. (2000)*' and Moreira et al. (2013),* reported that green

coffee has a higher antioxidant activity than roasted coffee.
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Coffee is also known to be a rich source of compounds with potent
antioxidant activity.”> Brewed coffee is a remarkable source of antioxidants,
with levels of bioactive compounds comparable to those of tea and wine."” The
caffeine, CGA, cafestol, trigonelline and kahweol found in coffee are thought to
have significant potential as antioxidants and free radical scavengers.” The
antioxidant activity of phenolic compounds has been attributed to their redox
properties, which play an important role in the adsorption or neutralisation of
free radicals.”® Furthermore, a variety of biological effects have been ascribed to
flavonoids,* such as antioxidant activity,”* anti-inflammatory properties and in

. .. 2405
vitro and in vivo™ "

and analgesic activity.*

The formalin test consists of two distinct phases. The first phase,
referred to as the neurogenic phase (immediately after formalin injection), seems
to be caused by the direct effect of formalin on sensory C-fibres. The second
phase, referred to as the inflammatory phase (starting approximately 20 min after
injection), is associated with the development of an inflammatory response and
the release of nociceptive mediators.”’ It has been reported that substance P and
bradykinin participate in the early-phase responses and that histamine, serotonin,
prostaglandin and bradykinin are involved in the late phase responses.”®
Centrally acting drugs, such as opioids, inhibit both phases equally, whereas
peripherally acting drugs, such NSAIDs and corticosteroids, inhibit only the late
phase.”” In the formalin test, EGCa and ERCa had antinociceptive effects during
only the inflammatory phase, suggesting that these extracts could be effective
against inflammatory pain. Corroborating our data, Moreira et al. (2013)
reported that aqueous extracts of coffee (green and roasted) exhibited
antinociceptive effects during only the inflammatory phase in the formalin test.

Carrageenan causes a reproducible inflammatory reaction and remains
the standard irritant for investigating acute inflammation and anti-inflammatory

drugs.” The most widely used primary test for screening anti-inflammatory
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agents is carrageenan-induced oedema in the mouse hind paw.***' The oedema
reaction occurs after the intraplantar injection of carrageenan, and the reaction
can be suppressed by a variety of nonsteroidal anti-inflammatory drugs. These
drugs can block prostaglandin synthesis and the extravasation of fluid by
inhibiting cyclooxygenase.*® The treatment of animals with ERCa and EGCa 1
hour before carrageenan application also resulted in inhibition at the third hour
after stimulus, suggesting that there is another mechanism of action involving
the arachidonic acid pathway.*

LPS-induced peritonitis was followed by a significant increase in the
number of leukocytes in the peritoneal cavity of mice compared with the number
of leukocytes in the control group treated only with vehicle.** Substances such as
LPS, when injected into the peritoneal cavities of mice, induce the classical
differentiation of monocytes into macrophages. These macrophages have a pro-
inflammatory profile with high expression of cytokines and the efficient
production of reactive oxygen and nitrogen intermediates.” Pro-inflammatory
cytokines play an important role in the inflammatory response in the peritoneal
cavity. Our results for the peritonitis test demonstrated that the coffee extracts
significantly reduced leukocyte migration into the peritoneal cavity, showing
that these extracts most likely contain active anti-inflammatory agents. Cell
recruitment during inflammation depends on the orchestrated release of local
mediators, which are responsible for local vascular and tissue changes and the
recruitment of host defence cells.”!

The results obtained for the carrageenan-induced rat paw oedema test,
the formalin injection test and the lipopolysaccharide-induced peritonitis test
indicate that the extracts have anti-inflammatory activities. These results are in
agreement with those of Moreira et al. (2013),® who demonstrated that the
aqueous extracts of green and roasted Coffea have considerable anti-

inflammatory activities and can alleviate paw oedema and formalin-induced pain
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and can reduce LPS-induced leukocyte migration in the peritonitis test. These
results can be attributed to the presence of anti-inflammatory substances like
flavonoids and antioxidants in coffee beans.

Some authors have reported that the CGA is an anti-inflammatory agent
based on several experimental studies in vivo.**** Dos Santos, Almeida, Lopes
et al. (2006)° demonstrated that CGA inhibited carrageenan-induced paw
oedema. Furthermore, CGA also inhibited the number of flinches in the late
phase of the formalin-induced pain test. These activities may be due to the
inhibitory effect of CGA on the peripheral synthesis/release of inflammatory
mediators involved in these responses. In another study, Yonathan et al.,
(2010)* concluded that chlorogenic acid contributes to the anti-inflammatory
and antinociceptive activities of Cheilanthes farinosa. Moreover, Kim, Kim,
Jeong et al. (2006)" reported that kahweol, a coffee-specific diterpene,
significantly reduced the paw oedema induced by carrageenan and also
markedly reduced the level of PGE2 production in the inflamed paw.
Furthermore, Paur, Balstad and Blomhoff' showed that dark-roasted coffee

efficiently dampens inflammation-induced nuclear factor kB activity.
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5 CONCLUSION

This study provides further evidence that the ethanol extracts of Coffea
arabica L. have considerable anti-inflammatory effects, as demonstrated by their
ability to alleviate paw oedema and formalin-induced pain and reduce number of
leukocytes in the peritoneal cavity in the peritonitis induced by
lipopolysaccharide. The mechanisms responsible for these effects may involve
anti-inflammatory substances, such as flavonoids and antioxidants,*'* which are
present in Coffea, as evidenced by previous reports. The extracts of Coffea
arabica L. may have potential therapeutic value in the treatment of

inflammatory disorders.
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