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RESUMO GERAL

Este estudo teve por objetivo verificar a influéncia da bebida de café em
diferentes sistemas bioldgicos de ratos Wistar diabéticos induzidos por aloxano.
Em todos os experimentos, utilizou-se bebida de café Coffea arabica L., fervida
e filtrada, preparada no momento do uso. Determinou-se a composi¢ao de acidos
clorogénicos totais, teor de fendlicos totais, cafeina, trigonelina e niacina do
café. Dividiu-se os animais em grupos ndo diabéticos e diabéticos (induzidos por
aloxano via intraperitoneal), animais tratados por gavagem com agua, com 0S
inibidores aminoguanidina e apocinina, e com a bebida de café por um periodo
de 50 dias em doses e concentracfes padronizadas. Realizou-se o recrutamento
de neutrdéfilos utilizando-se caseinato de sodio via intraperitoneal, as amostras
bioldgicas de soro e sangue total foram obtidas por puncao cardiaca e o plasma
citratado por puncdo da aorta abdominal. Realizou-se testes para avaliar o perfil
glicémico através das dosagens de glicemia de jejum e HbAlc, o perfil renal por
meio dosagens de ureia e creatinina, os niveis circulantes de produtos finais de
glicacdo avancados-AGEs fluorescentes no soro e o hemograma. Avaliou-se a
geracdo do pool de espécies reativas de oxigénio-ERO por quimiluminescéncia
amplificada por luminol e a atividade da enzima NOX2 através da geracdo de
anion superoxido através do ensaio de reducdo do citocromo C tendo como
ativador o PMA, a atividade fagocitica e microbicida de neutrofilos peritoneais
frente a Candida albicans. Avaliou-se a agregacdo plaquetéaria frente ao agonista
ADP. Pela analise dos dados obtidos, constatou-se que a ingestdo da bebida de
café ndo afetou o perfil glicémico dos animais, no entanto, reduziu a formacao
de AGEs e também a agregacdo plaquetaria no modelo experimental adotado. A
aminoguanidina, foi eficiente em inibir a formacdo de AGEs, e além disso,
inibiu também a agregacdo plaquetaria. Adicionalmente, a ingestdo da bebida de
café ndo interferiu na funcdo renal dos animais, reduziu a geracdo de ERO dos
animais e a geracdo de anion superoxido nos animais diabéticos, ndo interferiu
com as atividades fagociticas e microbicida de neutréfilos peritoneais frente a
Candida albicans. O tratamento com a apocinina, apesar de inibir a atividade da
NOX2, ndo alterou a capacidade de fagocitose e microbicida de neutréfilos
peritoneais dos animais em estudo frente a Candida albicans.

Palavras-chave: Café. Diabetes mellitus. Estresse oxidativo. Produtos finais de
glicacdo avancados. NOX2. Agregacdo plaquetaria.



GENERAL ABSTRACT

This study aimed at verifying the influence of the coffee beverage in
different biological systems of alloxan-induced diabetic Wistar rats. In all
experiments, the Coffea arabica beverage was used, boiled and filtered,
prepared at the moment of use. The composition of total chlorogenic acids, total
phenolic contents, caffeine, trigonelina and coffee niacin were determined. The
animals were divided into non-diabetic and diabetic (alloxan-induced via
intraperitoneal) groups, animals treated by gavage with water, with the
aminoguanidine and apocynin inhibitors, and with the coffee beverage for a
period of 50 days, in standardized doses and concentrations. The neutrophils’
recruitment was performed using sodium caseinate via intraperitoneal, the serum
and total blood biological samples were obtained by cardiac puncture and the
citrated plasma by abdominal aorta puncture. The tests were performed to
evaluate the glycemic profile through the doses of fasting blood glucose and
HbAlc, the renal profile through doses of urea and creatinine, circulating levels
of serum fluorescent advanced glycation end products — AGEs and complete
blood count. The generation of oxygen reactive species - ORS pool was
evaluated by luminol amplified chemiluminescence and activity of the NOX2
enzyme, through the generation of superoxide anion by means of the cytochrome
C reduction trial, using the PMA as activator, the phagocytic and microbicide
activities of peritoneal neutrophils in contrast to Candida albicans. Platelet
aggregation was evaluated in contrast to the ADP agonist. With the analyses of
the obtained data, it was noticed that the ingestion of the coffee beverage did not
affect the glycemic profile of the animals, however, the formation of AGEs was
reduced as well as the platelet aggregation in the adopted experimental model.
The aminoguanidine was efficient in inhibiting the formation of AGEs and, in
addition, inhibited platelet aggregation. In addition, the ingestion of coffee
beverage did not interfere in the renal function, reduced the generation of ORS
of the animals and the generation of superoxide anion in diabetic the animals,
did not interfere with the phagocyte and microbicide activities of peritoneal
neutrophils of the studied animals in contrast to Candida albicans.

Keywords: Coffee. Mellitus diabetes. Oxidative stress. Advanced glycation end
products. NOX2. Platelet aggregation.
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PRIMEIRA PARTE

1 INTRODUCAO

A partir do grdo de café torrado é produzida uma bebida com aroma e
sabor bastante apreciados, sendo por isso amplamente consumida por todas as
classes sociais e em diversos paises. Considerado como uma das grandes
riquezas brasileiras, o café acelerou o desenvolvimento e a inser¢do do Brasil no
comércio internacional. A producdo e comercializacdo do café empregam cerca
de milhGes de pessoas e se tornaram uma atividade fundamental do ponto de
vista econdmico. De acordo com o Boreau de Inteligéncia Competitiva do Café
do Centro de Inteligéncia em Mercado (CIM/UFLA), a demanda por cafés
certificados continuara crescendo nos préximos anos. O relatério Brasil Food
Trends 2020 indica o consumo de alimentos produzidos de forma sustentavel
como uma das cinco principais tendéncias que irdo influenciar a industria
alimenticia nessa década.

Os diversos produtos de origem natural tém sido amplamente
investigados e impulsionam a busca de novas substancias que possam contribuir
com a salde, de forma a atuar na profilaxia ou amenizando a progressao de
diversas doencas cronicas. Entre eles, o café contribui com diversas substancias
com atividade farmacolégica como a cafeina e os acidos fenodlicos
potencialmente benéficos a salde. A cafeina € um dos componentes mais
explorados do café devido as suas propriedades fisioldgicas excitantes do
sistema nervoso central. Atualmente o café tem despertado o interesse da
comunidade cientifica ndo sé pelos efeitos causados pela cafeina, mas por conter
também outros compostos com propriedades antioxidantes, anticarcinogénica,
anti-inflamatdria e antiplaquetéria, por acdo principal dos acidos clorogénicos

presentes em sua composic¢do quimica.
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Nas tltimas décadas, houve um aumento de doencas crbnicas, tais como,
as doencas cardiovasculares, diabetes e o cancer. E preocupante, pois essas
afetam consideravelmente a produtividade, a qualidade de vida e a sobrevida dos
individuos e geram custos diretos e indiretos. De acordo com a Organizacao
Mundial de Salde, o diabetes é considerado um problema de satde publica
prevalente, crescente, dispendioso sob o ponto de vista social e econémico, de
grande impacto na morbimortalidade por suas complicacBes cardiacas,
cerebrovasculares, vasculares periféricas, oculares, renais, neuropaticas, capaz
de acelerar a morte e levar a incapacidades.

A relacéo entre o estresse oxidativo e as complicacfes diabéticas tem
sido largamente estudada, mas os mecanismos fisiopatoldgicos e bioquimicos
sdo inconclusivos. Os tratamentos atuais para o diabetes consistem no controle
glicémico e da pressdo arterial, através de agentes hipoglicemiantes, orientagdes
nutricionais e qualidade no estilo de vida. Estudos em andamento focam nos
mecanismos patogénicos desencadeados pela hiperglicemia, com a finalidade de
inibir a injdria vascular, reduzir a formacdo de diacilglicerol - DAG, produtos
finais de glicacdo avancada - AGES e espécies reativas de oxigénio - ERO, inibir
a NOX2 e prevenir a interacdo entre AGEs e seu receptor (RAGE) e assim
retardar 0s mecanismos responsaveis pelas complicacdes diabéticas.

As relacBes entre 0 consumo da bebida de café, saude e doenca sdo
conflitantes. Evidéncias sugerem que o consumo de café pode reduzir o risco de
diabetes mellitus, influenciando no metabolismo da glicose, na tolerancia a
insulina e no estresse oxidativo em consequéncia da hiperglicemia crénica.

Devido a esses fatos objetivou-se avaliar a influéncia da ingestdo da
bebida de café sobre o estresse oxidativo e agregacdo plaquetaria em ratos
diabéticos. Sdo objetivos especificos avaliar a influéncia da ingestdo da bebida
de café sobre o perfil glicémico, perfil renal, geracdo de AGEs, atividade da

NOX2, atividade fagocitica e microbicida de neutréfilos em ratos diabéticos.
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2 REFERENCIAL TEORICO

2.1 Caracteristicas socioecondmicas do café

O nome café tem origem na provincia Keffa, onde moradores da regido
da Abissinia-Etidpia descobriram os primeiros grdos no século VI (RANHEIM;
HALVORSEN, 2005).

O café foi inserido com interesse comercial durante o século XV
(BUTT; SULTAN, 2011) servindo como ponto de encontro para negociantes.
As primeiras cafeterias foram abertas pelos &rabes e mais tarde, o café foi
vendido na Europa, introduzindo assim uma nova bebida nos habitos dietéticos
do povo ocidental (YANAGIMOTO et al., 2004). Os europeus tiveram seu
primeiro contato com o café nos mercados de Veneza no século XV, quando era
vendido com fins terapéuticos e, somente em 1720, foi aberta a primeira
cafeteria, aumentando a sua popularidade e, portanto o seu consumo.

Relatos sobre o primeiro contato com o café na América do Norte datam
de 1668 e, dai em diante, a bebida de café passou a ser apreciada nas cidades
maiores e nas sociedades da época que comecaram a operar com cafés (LEITE,
2002; LEITE; SILVA, 2000).

A producdo do café foi um importante ponto de partida para o
desenvolvimento econdmico e crescimento do interior do Brasil. No inicio, foi
cultivado nas areas proximas ao litoral do pais, mas o clima quente e altitudes
baixas ndo contribuiram para o seu cultivo, entdo os produtores de café
mudaram-se para o interior, construindo rodovias e estradas de ferro para
transportar o produto até os portos e, assim, a produgdo de café se tornou
ascendente, ganhando poder na economia brasileira (GRAAFF, 1986; LEITE,
2002).
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A bebida de café é a segunda bebida mais consumida, sendo superada
apenas pela agua. Populacdo de todo o mundo consome cerca de 500 bilhdes de
copos dessa bebida anualmente (CLARKE; VITZTHUM, 2001; PRAKASH et
al., 2002).

O Brasil é um dos paises com maior diversidade de graos, o que resulta
em cafés com caracteristicas variaveis, que esta associado a um conjunto de
fatores, como a melhoria da qualidade do café, a consolidacdo do mercado de
cafés, maiores investimentos, a melhoria da percepcdo do café quanto aos
aspectos dos beneficios para a salde e a melhoria das condi¢des econdmicas no
Brasil (SIMOES; FARONI; QUEIROZ, 2008).

Segundo dados da Companhia Nacional de Abastecimento - CONAB
(2014), a producdo de café, em Minas Gerais, esta estimada em 26.640.622
sacas na safra 2014, com variacdo percentual de 2,9% para mais ou para menos.

A produtividade media do estado devera atingir 26,4 sacas de café por hectare.

2.2 Aspectos botanicos do café

O cafeeiro pertence a familia Rubiaceae e provém de uma arvore do
género Coffea, com varias espécies identificadas (CARVALHO et al., 2001;
MONROY, 2005). Uma arvore tropical perene e lenhosa que cresce em grandes
altitudes, uma planta com cerca de 80 diferentes espécies conhecidas, mas as
duas espécies de café, sob o ponto de vista econdbmico, mais importantes sdo
Coffea arabica (café arabica) e Coffea canephora (café robusta), com diferencas
intrinsecas, pelas suas caracteristicas sensoriais, fisicas e quimicas.

Coffea arabica ocupa 74% do café cultivado no Brasil, enquanto que a
Coffea canephora, 26% do total. Estas duas variedades sdo diferentes quanto ao
sabor, aparéncia e em concentracdo de alguns constituintes, como a cafeina
(BUTT; SULTAN, 2011) e assim, originam bebidas com caracteristicas
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sensoriais distintas. A espécie Coffea arabica é mais valorizada comercialmente
nas Américas e nas demais regides onde € cultivada. A tendéncia de consumo da
bebida de café é favoravel ao café arabica, em comparacdo com o robusta
(COFFEE AND TEA AUTHORITY - CTA, 2003), pois é de qualidade superior
e de maior aceitagdo em todos os mercados (BANDEIRA et al., 2009).

Segundo Matiello (1991), o café da espécie Coffea arabica se adapta as
condicdes de clima tropical de altitude com umidade e temperaturas amenas,
enquanto que a espécie Coffea canephora adapta-se as regifes equatoriais

baixas, quentes e Umidas, de maior rusticidade.

2.3 Composicdo quimica do café

A constituicdo quimica do café é complexa e variavel, pois depende de
varios fatores tais como: a espécie boténica, as condi¢des de cultivo, o clima da
regido de plantio e processo de secagem. Além disso, o tipo de processamento a
que os graos serdo submetidos, o grau de torracdo e de moagem, o método de
preparo da bebida vdo ser decisivos para definir os atributos finais da bebida,
suas caracteristicas sensoriais diferenciadas, e intervirdo na concentracdo dos
compostos bioativos dessa bebida (CLARKE, 2003). Na Tabela 1, estd
apresentada a composi¢do quimica média do grdo de café cru (TSUKUI;
OIGMAN; REZENDE, 2014).

A descafeinacdo e filtracdo sdo processos aos quais 0s grados sdo
submetidos para remover componentes como a cafeina e a fragdo lipidica do
café. Os gréos passam por diversas transformagdes fisicas e quimicas, que vao
determinar aspectos importantes no produto final, como sabor e caracteristicas
bioldgicas (PARRAS et al., 2007; SACCHETTI et al., 2009).
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Tabela 1 Composicdo quimica do grao de café arabica cru

Componente Café arabica (%)
Cafeina 08-14
Trigonelina 0,6-1,2
Minerais 3,0-54
Acidos clorogénicos totais 6,7-9,2
Acidos alifaticos ndo volateis 20-29
Acidos volateis 01
Carboidratos soltveis 9,0-125
Polissacarideos insollveis 46 - 53
Lignina 1,0-3,0
Proteinas 8,5-12,0
Aminoacidos livres 0,2-0,8
Ceras 0,2-0,3
Oleos 7,7-17,7

Fonte: Tsukui, Oigman e Rezende (2014)

Segundo Morgano et al. (2002), os cafés crus sdo ricos em minerais,
apresentando de 3,0 a 5,4% dessas substancias que sdo essenciais as funcGes
metabolicas fundamentais do organismo humano, com destaque para oS
macrominerais como o calcio (954 mg.Kg?), potéssio (15.785 mg.Kg),
magnésio (1.806 mg.Kg™) e fésforo (1.380 mg.Kg™), e os microminerais como
cobre (14,7 mg.Kg™), cobalto (0,164 mg.Kg™), ferro (38,5 mg.Kg™), manganés
(22,9 mg.Kg™) e zinco (4,93 mg.Kg™).

De acordo com o United States Department of Agriculture - USDA
(2004) (Banco de Dados de Referéncia de Nutrientes), aproximadamente 240
mL de bebida de café fornece 7 mg de magnésio e 30 mL de café expresso
proporcionam 24 mg de magnésio. Assim, uma xicara de café pode oferecer até
1-5% da ingestéo diaria recomendada (RDA) de magnésio (420 mg.100 g*) para
homens adultos (INSTITUTE OF MEDICINE, 1997).
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Uma xicara de bebida de café pode também fornecer 116 mg de potassio
e uma dose de café expresso fornece até 34 mg (USDA, 2004), sugerindo que
uma Xxicara de café contribui apenas com 1-2% da ingestdo apropriada de
potassio (4.700 mg.100 g*) para adultos (INSTITUTE OF MEDICINE, 2004).

A trigonelina é comprovadamente um componente bioativo, assim como
outros componentes presentes em grdos de café verde, que sdo precursores do
sabor e aroma especificos da bebida de café. O café é um dos Unicos produtos
que mediante um processo tdo drastico como a torragdo produz uma vitamina
importante para 0 metabolismo humano, a niacina, uma vitamina do complexo B
(MORAIS et al., 2009) (Figura 1).
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Figural Processo de desmetilacdo da trigonelina durante a torracdo do café
Fonte: Morais et al. (2009)

Além da importancia da trigonelina para o desenvolvimento do aroma da
bebida de café, alguns autores tém salientado a sua interferéncia em funcdes
metabdlicas no organismo humano, como a sua participa¢do no metabolismo da
glicose. As plantas ricas em trigonelina sdo consumidas como medicamentos
populares para diabético. Dados na literatura relatam um efeito hipoglicemiante
transitorio em diabéticos, com a diminui¢do dos valores plasmaticos de glicose
(TUNNICLIFFE; SHEARER, 2008).
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Uma xicara de café pode contribuir com 6-18% da ingestdo diaria
recomendada de niacina (16 mg.100 g™*) para um homem adulto (INSTITUTE
OF MEDICINE, 1998).

A cafeina (1,3,7-trimetil xantina) (Figura 2) é um alcaloide das purinas
com efeito pesticida presente naturalmente nos graos de café (HIGDON; FREI,
2006; SPILLER, 1998).
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Figura 2 Estrutura quimica da cafeina
Fonte: Butt e Sultan (2011)

A cafeina tem um aspecto de po6 cristalino branco com sabor amargo e
foi isolada pela primeira vez do café em 1820 (MATIJASEVICH; SANTOS;
BARROS, 2005; MAZZAFERA; CROZIER; MAGALHAES, 1991). O café é a
fonte mais rica em cafeina da dieta humana e 240 mL de café soltvel contém
cerca de 100 mg de cafeina (BELAY et al., 2008). Dependendo das técnicas de
processamento pos-colheita dos frutos os teores de cafeina podem ser reduzidos,
mas, em regra, a sua concentragdo permanece em torno de 0,65-2,30%
(MCCUSKER; GOLDBERGER; CONE, 2003; RANHEIM; HALVORSEN,
2005).

As plantas sintetizam diversos compostos fenélicos e polifenélicos, com
estruturas e fungbes variadas. Entre estes compostos, os &cidos clorogénicos
representam uns dos principais componentes da fracdo fendlica dos grdos de
café verde (CARDOSO et al., 2011). A ingestdo da bebida de café representa a
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principal fonte alimentar de &cidos clorogénicos e &cidos cindmico (&cido
cafeico) (CLIFFORD, 1999; HIGDON; FREI, 2006).

Os principais grupos de &acidos clorogénicos encontrados nos graos de
café verde incluem os &cidos cafeoilquinicos, dicafeoilquinicos, feruloilquinicos,
p-cumaroilquinicos e ésteres mistos dos acidos cafeico e ferulico com acido
quinico, com pelo menos trés isdmeros por grupo. Durante a torracdo do café, os
acidos clorogénicos podem ser parcialmente isomerizados, hidrolizados ou
degradados a compostos de baixo peso molecular. As altas temperaturas do
processo de torragdo originam também lactonas e a polimerizagdo dos &cidos
clorogénicos com outros componentes do café formando as melanoidinas,
também com propriedades antioxidantes (FARAH; DONANANGELO, 2006).

Segundo Olthof, Hollman e Katan (2001), o teor de acido clorogénico
presente em 200 mL de bebida de café pode variar de 70-350 mg e cerca de 35-
175 mg de &cido cafeico. Estudos em humanos indicaram que 33% do &cido
clorogénico e 95% de acido cafeico ingeridos na dieta sdo absorvidos no trato
gastrointestinal por colostomia. Cerca de dois tercos do &cido clorogénico
ingeridos atingem o colon, onde podem ser metabolizados pela microbiota
presente. No célon, o acido clorogénico é provavelmente hidrolisado em acido
cafeico e &cido quinico. Embora o &cido clorogénico e o acido cafeico tenham
atividade antioxidante in vitro, ndo esté claro quanto a sua atividade antioxidante
in vivo, pois eles sdo extensivamente metabolizados, e 0s seus metabdlitos tém,
frequentemente, atividade antioxidante inferior a dos compostos parentais
(IWAI et al., 2004).

2.4 Componentes bioativos do café que podem afetar a saide humana

Em um contetdo histérico, o consumo da bebida de café era relacionado

ao tabagismo, ao consumo excessivo de alcool, a uma dieta pobre em nutrientes



23

e a um estilo de vida sedentario. Em varias pesquisas sdo relatados efeitos
controversos, associam ao café algumas atividades bioldgicas potencialmente
benéficas e outras adversas a satde humana (RANHEIM; HALVORSEN, 2005).

A bebida de café é preparada de diferentes maneiras, de acordo com 0s
costumes dos consumidores de cada regido. E a partir de sementes torradas e
posteriormente moidas, que se obtém a bebida contendo uma série de moléculas
bioativas que estdo presentes também em outros produtos naturais. O principal
efeito do consumo da bebida de café sobre a satide humana tem sido associado
ao seu teor de cafeina. Ja estd documentado os efeitos farmacoldgicos da
cafeina, principalmente no sistema nervoso central (NATELLA; SCACCINI,
2012).

A atividade antioxidante da bebida de café é atribuida ao seu teor de
cafeina, trigonelina, &cido cafeico, produtos gerados na reacdo de Maillard, as
melanoidinas, os volateis furanos e pirrdis, compostos fendlicos, lipides,
polissacarideos, fibra alimentar solivel e minerais (HIGDON; FREI, 2006;
SPILLER, 1998).

Compostos com atividade bioldgica presentes naturalmente em
alimentos, entre eles o café cru, café torrado e a bebida de café, apresentam
diversas atividades farmacoldgicas, incluindo atividade antioxidativa, anti-
inflamatdria, antineoplasica, hipoglicemiante, antiglicacdo, antimicrobiana e
antiviral. Devido a esses efeitos potencialmente benéficos a salde, em especial,
a protecdo contra uma variedade de patologias, como a doenga arterial
coronariana (DAC), alguns tipos de céncer e diabetes, 0 interesse nesses
compostos € crescente, e varios estudos para esclarecer seu mecanismo de acdo
na salde tém sido realizados nas ultimas décadas (CARDOSO et al., 2011,
JUNG et al., 2006; RIBEIRO et al., 2008).
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2.4.1 Cafeina

Um alcaloide do grupo das xantinas, a cafeina (1,3,7-trimetilxantina) é o
componente bioativo cientificamente mais estudado do café por sua acdo
psicoestimulante (TOCI; FARAH; TRUGO, 2006). E também consumida na
forma de farmacos (FRARY; JOHNSON; WANG, 2005).

E rapida e quase completamente absorvida no estdmago e em menor
propor¢ao no intestino e distribuida aos tecidos, incluindo o cérebro. Apds sua
absorcdo, é metabolizada no figado, onde acontece a remocao dos grupos metila
através da acao de enzimas do citocromo-P450, como a isoforma CYP1A2 que é
responsavel por quase 95% do metabolismo primario da cafeina.

A CYP1AZ2 catalisa a desmetilacdo do grupo 3-metilxantina formando
1,7-dimetilxantina (paraxantina). A paraxantina é desmetilada formando 1-
metilxantina, que por sua vez é oxidada a acido 1-metilGrico por acdo da enzima
xantina oxidase. A paraxantina pode também ser hidroxilada por acdo da
CYP2A6 para formar 4&cido 1,7-dimetildrio, ou acetilada pela N-
acetiltransferase-2 (NAT2) para formar 5-acetilamino-6-formilamino-3-
metiluracil, um composto instdvel que pode ser transformado
nanoenzimaticamente para formar 5-acetilamino-6-formilamino-3-metiluracil
(CREWS; OLIVIER; WILSON, 2001; KRUL; HAGEMAN, 1998).

Os metabdlicos da cafeina sdo funcionalmente ativos e agem de formas
distintas em varios sistemas biol6gicos do organismo. Ligam-se as células
nervosas do sistema nervoso central, agem estimulando a concentracéo,
melhorando o humor e diminuindo a sensacéo de cansago ap6s exercicios fisicos
e mentais. Tém capacidade de, também, atuar sobre o metabolismo basal,
produzindo o aumento da secrecdo de suco gastrico e facilitando o processo

digestivo. Estimulam o trabalho cardiaco, beneficiando a sua capacidade
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funcional, além de ativar a circulagdo sanguinea, levando a dilatacdo dos vasos
periféricos (CORNELIS et al., 2006; PARDO-LOZANO et al., 2007).

Os mecanismos de acdo da cafeina nas células-alvo estdo relacionados a
inibicdo da enzima fosfodiesterase, responsavel pela destruicdo do mediador
quimico intracelular adenosina monofosfato ciclico (AMP-ciclico), o que causa
um aumento do AMP ciclico intracelular; e ao antagonismo dos receptores de

adenosina Al e subtipos A2.

;“fb
|

CHs

Figura 3 Estrutura quimica da cafeina em compara¢do com a adenosina
Fonte: Higdon e Frei (2006)

Estruturalmente, a cafeina é semelhante & molécula de adenosina (Figura
3) (JAMES, 2004), um forte neuromodulador end6geno, que inibe a liberacdo de
diversos neurotransmissores como 0 glutamato, &cido gama-aminobutirico,
acetilcolina e monoaminas. A adenosina age diminuindo a atividade neural e
promove vasodilatacdo, com isso provoca uma sensagao de sonoléncia.

A cafeina pode bloquear os receptores da adenosina (Al e A2),
interagindo com eles. Assim, a acdo inibitoria da adenosina fica impedida, sendo
o efeito da cafeina, consequentemente, estimulante. Ou seja, quando a cafeina
ocupa o receptor de adenosina, ela impede a a¢do da adenosina sobre o sistema
nervoso central. Alguns efeitos fisioldgicos associados com a administragdo de

cafeina incluem estimulacdo do sistema nervoso central, a elevacdo da pressdo
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sanguinea, aumento da taxa metabdlica e da diurese (CARRILLO; BENITEZ,
2000; HIGDON; FRELI, 2006).

Diversos estudos relatam uma relacdo direta entre a cafeina e o
metabolismo da glicose, assim como com a sensibilidade a insulina
(GREENBERG; BOOZER; GELIEBTER, 2006). A ingestdo de cafeina foi
associada a reducado da sensibilidade a insulina em estudos metabolicos de curta
duracdo (BATHENA; VELASQUEZ, 2002; CARDOSO et al., 2011; GREER et
al., 2001). Esse efeito é supostamente devido ao aumento da sintese de
epinefrina pela cafeina ou por antagonizar o receptor de adenosina (CARDOSO
etal., 2011; KEIJERS et al., 2002).

A epinefrina € um neurotransmissor que pode atuar de diversas formas
influenciando a taxa metabdlica, inibindo a secrecdo de insulina, a glicogendlise
e a mobilizacdo de acidos graxos, e a adenosina pode diminuir a lipolise
(CARDOSO et al., 2011; GRAHAM; HIBBERT; SATHASIVAM, 2008).

N&o esta totalmente esclarecida a relacdo entre a cafeina e o diabetes
mellitus, assim ndo € indicado que sejam extrapolados seus efeitos para uso
crbnico da bebida de café, pois o estimulo da cafeina no aumento dos niveis de
epinefrina diminuem ap6s ingestdo cronica da bebida de café (CARDOSO et al.,
2011; ROBINSON et al., 2004).

2.4.2 Compostos fenolicos

Aos compostos fendlicos é atribuida uma participacéo direta e indireta
no sabor e aroma da bebida (ABRAHAO et al., 2008; MOREIRA; TRUGO:;
MARIA, 2000). Devido as suas propriedades antioxidantes, ou seja, a sua
capacidade de neutralizagdo ou adsor¢do de radicais livres, esses compostos tém
despertado interesse, pois apresentam potencial terapéutico como protetores

contra doengas cardiovasculares, diabetes mellitus, doenca de Parkinson e
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doenga de Alzheimer’s (CELIK; 1YISOY; AMASYALI, 2009; CONNEY et al.,
2007; FARAH; DONANGELDO, 2006; KY et al., 2001; SUZUKI et al., 2008).
Entre os compostos fendlicos, os acidos clorogénicos englobam um
conjunto de substdncias, sendo ésteres formados a partir da reacdo de
esterificacdo entre o &cido transcinamico (ou p-cumarico, fertlico e cafeico)
com o acido quinico. Estdo presentes tanto na forma monoesterificada, como di
e triesterificada (CLIFFORD, 1999; HIGDON; FREI, 2006). O A&cido

clorogénico mais comum ¢é o &cido 5-o-cafeoilquinico (Figura 4).
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Figura4 Estrutura fundamental do 4&cido 5-o-cafeoilquinico (acido
clorogénico)
Fonte: Oliveira e Bastos (2011)

O processo de torracdo € a etapa da industrializacdo que exerce maior
influéncia sobre o tipo e quantidade de compostos fenélicos no produto final.
Ocasiona também diversas transformagdes quimicas, como a desnaturacdo e
degradacgdo de proteinas originando moléculas menores. Os acidos clorogénicos
originam outros compostos, essenciais para o aroma volatil, que fornecem os
aspectos do flavor do café torrado, juntamente com os derivados de agucares,
proteinas e lipideos.

Dessa forma, muitos compostos volateis do café tém origem na Reacédo
de Maillard como as melanoidinas, material polimérico com efeitos benéficos a

salde por serem considerados antioxidantes, responsaveis pela inibicdo da
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degradacgdo oxidativa no organismo. Essa acdo antioxidante € influenciada pelo
nimero e posi¢do dos grupos OH, assim como pelas posi¢Bes de glicosilacdo
presente nos fendlicos. Alguns dos produtos da reacdo de Maillard também estdo
envolvidos em mecanismos de envelhecimento dos organismos (OLIVEIRA,
BASTOS, 2011).

2.4.3 Cafestol e Caveol

Dois alcoois diterpenoides, o cafestol e caveol, sdo encontrados em
niveis significativos no café (RANHEIM; HALVORSEN, 2005).

Eles sdo componentes naturais dos grdos de café (RANHEIM;
HALVORSEN, 2005; VIANI, 1986) e sdo liberados durante a torracdo e o
preparo da bebida de café quando é adicionada agua quente, mas sdo quase
totalmente retidos no filtro utilizado para preparar a bebida de café filtrada.
Estes componentes estdo associados a hipercolesterolemia, mas embora esses
diterpenos figuem parcialmente retidos no filtro, ha relatos de que o consumo da
bebida de café filtrada esteja associado a risco de doenga cardiovascular
(RANHEIM; HALVORSEN, 2005; THELLE, 1995).

A relacdo entre o café e os niveis séricos de colesterol total e LDL-c tem
sido muito investigada (THELLE, 1995). Alguns autores relatam um aspecto
positivo entre o consumo da bebida de café e os niveis séricos de colesterol total.
As diversas maneiras com gue a bebida de café é preparada levam a hipétese de
que o método de preparacdo é fundamental para determinar o seu grau de
atividade em sistemas biolégicos (HIGDON; FREI, 2006; URGERT; KATAN,
1997).
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2.5 Diabetes mellitus

O diabetes mellitus é uma doenca multifatorial, frequente na sociedade
moderna. Constitui um grupo heterogéneo de enfermidades metabodlicas de
etiologias diversas caracterizadas em comum por uma hiperglicemia crbnica e
alteracdes no metabolismo de lipideos, carboidratos e proteinas derivados de
defeitos na secrecédo de insulina, da acdo da insulina ou de ambos (AMERICAN
DIABETES ASSOCIATION - ADA, 2013).

A classificacdo atual do diabetes mellitus é baseada na etiologia e ndo no
tipo de tratamento. A classificacdo proposta pela Organizacdo Mundial da Salde
(OMS) e pela Associacdo Americana de Diabetes (ADA, 2013) e recomendada
pela Sociedade Brasileira de Diabetes (SBD) inclui quatro formas clinicas
(descritas na Tabela 2): DM tipo 1, DM tipo 2, outros tipos especificos e DM

gestacional.

Tabela 2 Classificacdo etioldgica de diabetes mellitus

I. Diabetes tipo I
Destruicdo das células beta, usualmente levando a deficiéncia completa
de insulina
A. Autoimune
B. Idiopatico
1. Diabetes tipo Il
Graus variados de diminuicdo de secrecdo e resisténcia a insulina
I11. Outros tipos especificos
A. Defeitos genéticos da funcéo da célula beta
B. Defeitos genéticos da acdo da insulina
C. Doengas do pancreas exocrino
D. Endocrinopatias
E. Inducdo por drogas ou produtos quimicos
F. InfecgOes
G. Formas incomuns de diabetes imunomediado
IV. Diabetes gestacional
Fonte: ADA (2013)
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Esta bem estabelecida na literatura que a alta taxa glicémica € a principal
responsavel pelos distirbios metabdlicos nos diabéticos, considerada como um
importante fator no desenvolvimento de danos teciduais, em consequéncia das
complicagOes severas no diabetes, efeitos esses que podem ser retardados com o
controle glicémico (RODRIGUES et al., 2012).

Todo componente celular pode sofrer danos oxidativos e os distdrbios
metabdlicos desencadeados pela hiperglicemia estdo diretamente relacionados a
mecanismos diversos, tais como ao aumento da atividade da aldose redutase -
via dos polidis; ativacdo da proteina cinase C (PKC) e ao aumento da formacgéo
de produtos avancados de glicacdo ndo enzimatica (AGEs) (KOYA; KING,
1998) (Figura 5). Em vista dos prejuizos causados pelo excesso de espécies
reativas de oxigénio-ERO/ e espécies reativas de nitrogénio-ERN, a geracdo
dessas espécies reativas parece Ser um ponto em comum entre essas vias
metabolicas. Uma fonte importante de ERO € a ativacdo da enzima NOX2 que
desempenha um papel central nas células fagociticas neutrofilicas durante o

processo de defesa do organismo contra patdgenos microbianos (SHEN, 2010).
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Figura5 Estresse oxidativo e o diabetes

Fonte: adaptado Reis et al. (2008)
Nota: AGE: produtos finais da glicacdo avan¢ados; DAG: diacilglicerol; PKC: proteina
quinase C
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Os efeitos cronicos de ERO/ERN séo considerados agentes importantes
no processo de diabetes. O papel central do estresse oxidativo nas desordens e na
progressdo do diabetes tem sido amplamente investigado. Embora determinado
nivel de ERO e ERN esteja comprometido na regulagdo de processos
fisiologicos, o dano oxidativo causado as células resultante do desequilibrio
entre as espécies reativas de oxigénio/nitrogénio e a capacidade de defesa
antioxidante do organismo podem agravar patologias, podendo levar a
inativacdo enzimatica, mutacdo, ruptura de membrana, aumento na
aterogenicidade de lipoproteinas plasmaticas de baixa densidade (LDL-c) e a
morte celular (BARBOSA; OLIVEIRA; TOJAL, 2008; HALIWELL;
GUTTERIDGE, 1999).

As complicagdes macro e microvasculares do diabetes mellitus sdo a
principal causa de morbidade e mortalidade nas sociedades industrializadas e sdo
um problema grave de salde publica cada vez maior, em todo 0 mundo
(ZIMMET; ALBERTI; SHAW, 2001).

2.6 Produtos Finais de Glicacdo Avangados — AGEs

Tanto estudos in vitro, quanto, in vivo, sugerem consequéncias da
formacdo de produtos finais de glicacdo avancada (AGES) que podem contribuir
diretamente para a progressao da patologia diabética. Dos diversos mecanismos
propostos que tentam elucidar como a hiperglicemia cronica acarreta danos
celulares e teciduais, como neuropatia, nefropatia e retinopatia diabética, a
formagdo dos AGEs é considerada uma das mais importantes (BROWNLE,
2001; PEPPA; URIBARRI; VLASSARA, 2003). A alta concentracdo de glicose
na célula é o ponto de partida para a formagdo de AGEs tanto intra, quanto

extracelulares.
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Os produtos finais de glicacdo avangada (AGES) sdo resultantes de
modificagdes pos-translacionais que ocorrem em proteinas, por uma sequéncia
de reacBes entre residuos de aminoacidos basicos e hidratos de carbono ou
carbonilas reativas.

Constituem  componentes formados a partir de interacfes
aminocarbonilo, induzidas por rea¢cdes ndo enzimaticas entre acucares redutores
ou lipideos oxidados e proteinas, aminofosfatideos ou acidos nucleicos
(MONNIER, 2003). A molécula de glicose pode ligar-se a estrutura de
proteinas, mediada por uma reacdo ndo enzimatica denominada reacdo de

Maillard ou glicacdo (Figura 6).
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Figura 6 Rotas de formag&o e produtos finais de glicagdo avangada (AGE)

Fonte: Adaptado de Monnier (2003) e Seara, Oliveira e Barbosa (2008)

Nota: CML: carboximetilisina; carboxietilisina (CEL); DOGDIC: ligacdo cruzada
imidazolina derivada de 3-deoxiglicosona; DOLD: dimero de lisina e 3-
deoxiglicosona; GOLA: glioxal lisina amida; GOLD: dimero de glioxal-lisina,
GALA: &cido glioxilico lisina amida; GODIC: ligacdo cruzada imidazolina
derivada de glioxal; MODIC: ligagdo cruzada imidazolina derivada de metil
glioxal; MOLD: dimero de metilglioxal-lisina.
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Os AGEs mais estudados sdo, N€-carboximetil-lisina (CML), de maior
concentragdo no soro, N€-carboxietil-lisina (CEL), pirralina, dimero de lisina
derivado do glioxal (GOLD), dimero de lisina derivado do metil glioxal
(MOLD), dimero de lisina derivado da 3-deoxiglucosona (DOLD), 1-alquil-2-
formil-3,4-diglicosil pirrol (AFGP) e FFI (2-(2-fluoril)-4,5-furanil-1-H-
imidazol) e os fluoréfos pentosidina e argipiridina (AHMED et al., 2002;
IKEDA et al., 1998).

Os AGEs podem ser altamente lesivos a estrutura e a funcdo dos vasos
sanguineos por diferentes mecanismos. Seus efeitos patolégicos estdo
relacionados a capacidade destes compostos de alterar as propriedades quimicas
e funcionais das mais diversas estruturas bioldgicas, os AGEs extracelulares
interferem nas interacGes matriz-matriz e célula-matriz (GOLDIN et al., 2006).

Por meio da geracdo de radicais livres, da formacao de ligagdes cruzadas
com proteinas ou de interacGes com receptores celulares, os AGEs promovem,
estresse oxidativo, alteracbes morfofuncionais, causam enrijecimento da
vasculatura, suprimem a atividade do o6xido nitrico (NO) e da prostaciclina
(PGI,) e aumento da expressdo de mediadores inflamatorios.

A participacdo dos AGEs como agentes favoraveis ao desenvolvimento
de complicacdes diabéticas encontra-se estabelecida na literatura (JAKUS;
RIETBROCK, 2004). Quanto a glicacdo intracelular, sabe-se, que estes
compostos medeiam as alteragdes patologicas que levam a modificagdes de
proteinas intracelulares envolvidas na expressdo génica.

Sabe-se que, os AGEs formados podem interagir com nucleotideos,
histonas ou proteinas envolvidas na transcricdo do DNA celular e alterar
propriedades importantes para a homeostase celular. Podem também alterar
moléculas da matriz extracelular vizinha, intervindo na sinalizagdo entre a
matriz e a celula, causando disfuncdo em proteinas, como a albumina, que

ativam em sequencia receptores de AGEs (RAGESs) estimulando a produgao de
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citocinas inflamatérias como interleucina 1 e 6, fator de crescimento I, fator de
necrose tumoral alfa, prostaglandinas e fator estimulante de col6nias de
granulécitos (BROWNLE, 2001; GOLDIN et al., 2006) (Figura 7).

[Glicosilagao intracelular de proteinas)

Receptor do
Precursores de AGE \ ) (EfizeE 2CE

[ Transdutores intracelulares |

Glicose

Matriz

i

Integrinas

Proteinas
peroxidadas

Fatores de
crescimento
& citocinas

Macréfago/células
mesangiais

Célula endotelial

Figura7 Aumento da producdo de AGEs e suas consequéncias patolégicas
Fonte: Brownlee (2001)

Os efeitos toxicos do oxigénio tém sido associados ao desenvolvimento
e progressdo de doencas cronicas, inflamatérias e degenerativas. Estudos
demonstraram que os AGEs podem causar alteracGes metabolicas intensas,
como afetar a integridade e a funcdo dos vasos sanguineos de maneiras diversas.
Possuem a propriedade de se acumular nos 6rgaos-alvo que podem ser
acometidos no diabetes, entre eles, o rim e a retina principalmente e, ainda, nas
placas ateroscleroticas.

Na camada intima dos vasos sanguineos, os AGEs fazem ligacdes
cruzadas intra e intermoleculares em proteinas da matriz, aprisionam proteinas
plasmaticas, além de interagirem com receptores para modular grande niimero
de propriedades celulares, estimulam também a producéo de endotelina-1, um

potente vasoconstritor produzido pelas células endoteliais por meio da ativagdo
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do NF-kB (fator de transcricdo nuclear kappa B). Os AGEs interagem com as
células que se acumulam nas placas ateroscleréticas, como macrofagos e as
células musculares lisas, gerando estimulos que aumentam a resposta
inflamatdria, ativam plaquetas e a coagulacdo sanguinea (OLLAS et al., 2005).

Somado a esses processos, a interacdo dos AGEs com componentes da
parede dos vasos sanguineos aumenta a permeabilidade vascular, a expressao da
atividade hemostatica e pro-coagulante e a geracdo de ERO, resultando na
expressdo elevada de moléculas de adeséo leucocitarias endoteliais (BIERHAUS
et al.,, 1998). Portanto, os AGEs sdo agentes promotores da aterogénese,
colaborando para a propagacdo do processo inflamatorio, proliferativo e para
perturbacdo vascular. LigacOes cruzadas dos AGEs com o colageno tém sido
demonstradas em diabéticos, o que justifica a ocorréncia de complicacdes
crénicas dessa doenca, tais como, rigidez vascular e espessamento de
membranas basais.

A associacdo entre doenga aterosclerética e alteragdes da hemostasia e
fibrindlise resulta em complicacBGes tromboticas. A hiperatividade plaquetaria é
também um fator importante, responsavel por tromboses, comuns nos pacientes
com diabetes (OLLAS et al., 2005).

In vivo, a formacdo desses produtos pode envolver neutrofilos,
mondcitos e macréfagos, os quais, apds estimulo inflamatério, produzem
mieloperoxidase (MPO) e a enzima NOX2, que induzem a formacdo de mais
AGEs por meio da oxidagao de aminoacidos (HUEBSCHMANN et al., 2006).

A pesquisa de produtos de origem natural leva a descoberta de novos
farmacos que podem agir sobre as diferentes espécies oxidantes geradas no
organismo humano. Opc¢Oes terapéuticas que inibam os AGES ou reduzam o
estresse oxidativo e nitrosativo podem ser eficientes em retardar as complicagdes

diabéticas.
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A aminoguanidina (Figura 8) possui acdo inibitéria na formacdo de
AGEs devido a hidrazina presente em sua estrutura quimica, a qual reage com 0s
compostos glioxal, metilglioxal e 3-desoxiglicosona que Sd0 compostos
intermediarios na cadeia de formagdo dos AGEs (THORNALLEY, 2003). Além
dos efeitos sobre a glicagcdo avancada, a aminoguanidina em doses mais baixas
pode atuar de maneira especifica inibindo a atividade da enzima iNOS e assim
reduzir o estresse nitrosativo (SZABO et al., 1997). A aminoguanidina também
pode inibir o metabolismo da histamina, o catabolismo de poliaminas e a
atividade da catalase, assim como potencializar os efeitos da angiotensina na
producéo de prostaciclina (NILSSON, 1999).

NH

2 NHNH.

Figura 8 Estrutura molecular da aminoguanidina
Fonte: Sliman et al. (2010)

2.7 Sistema NOX2

Vaérios estudos destacam as espécies reativas de oxigénio e nitrogénio
(ERONSs) como fundamentais para progressdo de numerosas doengas cronicas,
incluindo hipertensdo, aterosclerose, faléncia cardiaca e diabetes. Essas espécies
sdo moléculas altamente bioativas e com vida curta, derivadas, principalmente,
da reducdo do oxigénio molecular (RABELO et al., 2010).
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Os leucdcitos constituem um grupo heterogéneo de células sanguineas
responsaveis pela resposta imune inata. Sdo glébulos brancos com funcdes
fagociticas essenciais na defesa do organismo contra micro-organismos
invasores e particulas estranhas. Os neutrofilos sdo as Unicas células do
organismo capazes de executar “burst oxidativo”, ou seja, gerar ERO em
resposta a uma variedade de estimulos inflamatorios. Essas EROs séo geradas
por mecanismos dependentes da MPO (mieloperoxidase), uma das enzimas
presentes nos granulos azurdfilos dos neutrofilos, e por mecanismos
independentes da MPO (LETO, 1999).

A fagocitose € um processo de defesa do organismo mediado por
diversos fatores, entre eles, receptores ativos, no qual o fagécito engloba um
organismo alvo ou particula. Promove rearranjos do citoesqueleto, e assim a
membrana plasmatica do fagécito emite pseudopodes em torno de seu alvo
iniciando um processo que forma um vacuolo ligado & membrana chamado de
fagossoma (NORDENFELT; TAPPER, 2011).

Os neutrofilos, sdo as células fagociticas circulantes mais abundantes do
sistema imune inato, respondem rapidamente a estimulos quimiotaticos,
realizam funcBes fagocitarias e sdo as principais células atuantes na resposta
inflamatdria. Sdo extremamente importantes na defesa do hospedeiro contra
micro-organismos invasores e particulas estranhas (ABBAS; LICHTMAN;
POBER, 1995).

O neutrdfilo da corrente sanguinea recebendo a informagdo de uma
reacdo inflamatoria inicial sofre uma intensa alteracdo no seu metabolismo
intermediario e, dessa forma, é ativado. Suas moléculas de adesdo serdo
expressas e passardo a consumir ativamente oxigénio em suas mitocdndrias.
Assim, uma vez estimulados, sdo capazes de produzir um metabolismo
oxidativo, ndo mitocondrial, denominado como “burst” oxidativo ou

respiratorio.
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Durante a inflamago, ocorre o recrutamento e a ativagao de neutrofilos
e a infeccdo € combatida por fagocitose e liberacdo de moléculas
antimicrobianas, matando assim micro-organismos; mas a capacidade destrutiva
dos neutrofilos de forma exagerada pode causar danos nos tecidos do hospedeiro
e contribuir para o desenvolvimento de uma série de doengas infecciosas e
autoimunes (WITKO-SARSAT et al., 2000).

Em seguida a sua migracdo, os neutrofilos sdo ainda capazes de
amplificar a resposta inflamatoria, por liberar mais mediadores inflamatérios
(HEIT et al., 2002). O recrutamento dessas células para o local da inflamacédo
envolve uma sequéncia de fases, tais como, ativacdo, rolamento, adesdo e
transmigragdo, ordenada por moléculas de adesdo expressas na membrana dos
leucdcitos e das células endoteliais, envolvidas na interagdo leucécito-endotélio
(LEY et al., 2007).

Os neutrofilos produzem ERO durante o processo de fagocitose, e essa,
¢ uma propriedade marcante exercida por essas células (NORDENFELT;
TAPPER, 2011). A producdo de ERO pela NOX2, em pequenas quantidades,
pode funcionar na sinalizacdo metabdlica e, em grandes quantidades, pode
originar dano oxidativo as células.

A migracdo celular constitui um evento chave na resposta inflamatoria
de qualquer etiologia. Os neutrdfilos sdo uma das primeiras células a deixar a
vasculatura e migrar para o tecido. Uma vez aderidos ao endotélio, 0s
neutrofilos, penetram na intima arterial por diapedese através das juncdes entre
as células endoteliais. O inicio desse processo € mediado pela ligacdo reversivel
das glicoproteinas selectinas encontradas tanto no neutréfilo como no endotélio
(DOWNEY et al., 1999).

O micro-organismo fagocitado é mantido dentro do vacutolo formado, o
fagossomo, que se funde com o lisossomo, rico em enzimas proteoliticas e

oxidativas que conferem aos fagdcitos sua atividade antimicrobiana. A fusdo do
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fagossomo com o lisossomo resulta no fagolisossomo onde se da a destrui¢do do
micro-organismo (DITTMAR et al., 2000).

A NOX2 das células fagociticas € um dos principais mecanismos de
defesa do sistema imune inato do organismo humano, cuja fun¢do fundamental é
gerar ERO para destruir micro-organismos fagocitados durante o processo de
resposta antimicrobiana respiratéria (VIGNAIS, 2002). Assim, entre 0s
mecanismos de defesa microbicida exercido pelos neutréfilos esta a producdo de
ERO por parte da NOX2, um complexo enzimatico multiproteico associado as
membranas citoplasmaticas e dos granulos especificos dos neutréfilos, formado
de subunidades citoplasmaticas e de vesiculas fagociticas (RINCON; DIAZ;
QUINTERO, 2011).

A NOX2 é um complexo enziméatico encontrado em diversas células de
origem mesodérmica. Quando os fagocitos sdo expostos a estimulos adequados,
as subunidades se unem e o complexo rapidamente se ativa. E formado por cinco
componentes principais: p47°"* p67""™ e, p40"™™* que sdo subunidades
citoplasmaticas, p22°"™ e gp91"™™, subunidades de membrana. A interacdo das
proteinas gp91”™™* e p22°™* origina um heterodimero transmembrana
flavocitocromo bssg, uma flavohemeproteina ligada a membrana com a funcdo
de transferir elétrons através da membrana para o fagossomo ou para 0 espaco
extracelular (CROSS; JONES, 1991; TAYLOR; JONES; SEGAL, 1993). Essas
subunidades citoplasmaticas nas células em repouso permanecem dormentes. A
producdo de ERO é importante para a resposta microbicida, mas em quantidades
elevadas pode causar danos aos tecidos do hospedeiro (ARIAS et al., 2004).

A ativagdo da NOX2 se d& pela translocacdo das subunidades
citoplasméticas p40™™, pd7°"* e p67°"* para a membrana das vesiculas
fagociticas ou para a membrana plasmatica mediada por estimulos ativadores da
proteina quinase C (PKC) e participacdo de proteinas acessorias como Rac2

(proteina G regulatoria) (VIGNAIS, 2002). Transcorrida essa interagdo, o
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NADPH oxidado a NADP' e os elétrons sdo transferidos para 0 oxigénio

molecular através do grupo FAD presente no flavocitocromo bssg e grupos
HEME gerando o &nion superdxido (BABIOR, 1999; DELEO; QUINN, 1996)
(Figura 9).
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Figura9 Componentes da NOX2 em estados de repouso (A) e ap6s ativagdo
celular (B)

Fonte: Rincén, Diaz e Quintero (2011)

Neutréfilo

Nas dltimas décadas, tém sido realizados estudos de compostos que
tenham a capacidade de inibir a acdo da enzima NOX2 e assim diminuir o0s
danos causados pelas EROs em algumas patologias, como, por exemplo, no
tratamento da hipertensdo e diabetes. EXxistem diversos inibidores da NOX2,
entre eles destaca-se a apocinina (STEFANSKA; PAWLICZAK, 2008), isolada
da planta medicinal Picrorhiza kurroa (Figura 10).

A apocinina tem mdltiplas agdes bioldgicas além dos efeitos
antioxidantes, e tem sido largamente utilizada para bloquear a atividade da
NOX2 in vitro (DUSTING; SELEMIDIS; JIANG, 2004), sendo caracterizada

como um inibidor do complexo enzimatico NOX2 desde a década de 80,
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diminuindo efetivamente a formacio de anions superéxidos (HEUMULLER et
al., 2008).

O mecanismo de ac¢do da apocinina ndo esta totalmente esclarecido, mas
sabe-se que a mesma inibe a migracdo do componente citossélico p47™"* do
citoplasma para a membrana celular prevenindo a sua unido a gp91"™ e dessa

forma a ativagdo do complexo enzimatico (XIMENES et al., 2007).
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Figura 10 Estrutura quimica da apocinina
Fonte: Galgani et al. (2013)

Estudos de Johnson et al. (2002) demonstram que 0 mecanismo de acdo
da apocinina envolve sua metabolizacdo por meio da agdo catalitica da enzima
mieloperoxidase e a consequente geracdo de um produto dimérico. Sugere-se
que este metabolito iniba a agregacdo e translocacdo para a membrana dos
componentes citossdlicos da NOX2. A inibicdo somente é efetiva na presenca

dos dimeros de apocinina (Figura 11).
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Figura 11 Mecanismo de inibicdo da NOX2 pela apocinina
Fonte: Adaptado de Touyz (2008)

2.8 Efeito hemostatico

As plaquetas sdo pequenos fragmentos citoplasmaticos dos
megacariocitos. Tém origem na medula 6ssea (ERUSALIMSKY; MARTIN,
1996; SHORE-LESSERSON, 2007), circulam no sangue com o formato de
pequenos discos, com dimensdes de 1,5 a 3,0 um didmetro, espessura em torno
de 1,0 um e volume de 7 fL (FARIA; DAL BO, 2008) cuja principal funcéo é a
hemostasia primaria, exercida através da formacdo do tampao plaquetario em
locais dos vasos que tenham sofrido danos, reduzindo a perda sanguinea e
auxiliando a cicatrizacdo de ferimentos.

E também um importante componente da resposta imune, pois apresenta
uma grande variedade de receptores e moléculas de adesdo em sua membrana,
além de numerosos granulos com conteddo de mediadores como citocinas,
quimiocinas, fatores de coagulacéo, fatores angiogénicos e moléculas de adeséo.

Diversas patologias contribuem para a ativagdo plaquetaria, como ocorre
em casos de doengas cardiovasculares e diabetes. Fatores como, a elevagdo dos
niveis de colesterol, diabetes, fumo e obesidade, levam ao aumento da

reatividade das plaquetas, levando a sua agregagdo e a formagdo de coagulos
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podendo desencadear doenca cardiovascular isquémica (EFRAIM et al., 2011;
KWIK-URIBE, 2005).

Muito embora 0 mecanismo de defesa contra hemorragias exercido pelas
plaquetas seja geralmente benéfico, a ativacdo das plaquetas do sangue é
fundamental para separar o processo fisiologico e patoldgico, que conduz a
alteracdes morfoldgicas, adesdo (na parede dos vasos define o primeiro passo na
hemostasia e trombose), secrecdo e agregacdo plaquetaria (EFRAIM et al., 2011;
KWIK-URIBE, 2005).

As plaquetas podem ser afetadas pelos constituintes da dieta humana. Ha
muitos compostos presentes nos alimentos que interferem na funcdo das
plaguetas de diversas maneiras. Entre eles estdo os compostos fendlicos,
vitaminas e carotenoides presentes nas frutas, vegetais e bebidas, em especial o
café (DREOSTI, 2000; HALLIWELL, 2000; HUNG et al., 2000; VISIOL;
BORSANI; GALLI, 2000; YOUNG; WODSIDE, 2001).

O endotélio vascular tem papel protetor contra trombose e vasoespasmo
por sua resposta as plaquetas agregadas. O revestimento endotelial da parede
vascular desempenha funcdes antiagregantes e antitrombdticas, entre elas, a
funcdo de barreira fisica entre o meio circulante e os demais componentes da
parede vascular (OLLAS et al., 2005).

Em situagdes fisiologicas, as plaguetas circulam no sangue em estado
ndo ativado sob a forma discoide, sdo impedidas de interagir subendotelialmente
gracas ao endotélio vascular que funciona como uma barreira que exerce
ativamente funcOes antiadesivas e antiagregantes, principalmente através da
liberacdo de prostaglandina - PGI2 e o6xido nitrico (ASAKURA, 2004;
CAUWENBERGHS et al., 2007).

As plaquetas exercem importante papel nos processos inflamatérios, de
coagulacdo e de trombose. Os estimulos inflamatorios podem gerar um

desequilibrio entre as propriedades homeostaticas do endotélio, 0 que pode
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resultar em estimulacdo local, e em sequéncia, um estado favoravel a coagulacao
local e sistémica.

Um potente indutor da resposta imune e mediador do recrutamento de
leucécitos na inflamacdo é o fator de necrose tumoral-a (TNFa), uma das
primeiras citocinas liberadas no sitio de infeccdo. Este promove um estado
favoravel ao mecanismo de coagulacdo ao inibir a sintese da proteina C e
aumentar a producdo do fator tecidual do endotélio e mondcitos (ASAKURA,
2004; CAUWENBERGHS et al., 2007).

As plaquetas ativadas que sdo recrutadas para a lesdo aterosclerética
liberam o contetdo de seus granulos que podem estimular a quimioatracdo
leucocitaria (fator ativador plaquetario, proteina inflamatéria do macréfago-1a,
proteinas catibnicas), estimular a proliferacdo de células musculares lisas e de
fibroblastos (fator transformador de crescimento-f, fator de crescimento
derivado da plaqueta, serotonina) e promover a sintese de colageno (WAGNER;
BURGER, 2003).

Uma vez ativadas e aderidas ao endotélio e as lesdes ateroscleroticas, as
plaquetas geram uma maior expressdo do ligante CD40 soltvel (renomeado CD
154), o qual tem acdo essencial na progressao da aterosclerose ao interagir com
0 CD40. A ligagdo do CD40 as ceélulas associadas ao ateroma, especialmente as
células endoteliais, células musculares lisas e macréfagos, media o processo de
aterogénese através da expressdo de citocinas, quimiocinas, fatores de
crescimento, metaloproteinases e pro-coagulantes (SCHONBECK; LIBBY,
2001).

A modulacdo exercida pelo endotélio sobre a reatividade vascular é
essencial para evitar trombose, efeito comum no diabetes. O desenvolvimento de
doengas que alteram as propriedades hemostaticas envolve injdria e/ou

disfuncgdo vascular e reatividade plaquetéria, como ja descrito.
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Substancias geradas pelas plaguetas apds a sua ativacdo também
apresentam efeito sobre o vaso sanguineo. As plaquetas ativadas secretam
através de seus granulos uma enorme quantidade de compostos como 0s
nucleotideos (ATP - adenosina trifosfato e ADP - adenosina difosfato),
serotonina, tromboxano A, e tromboplastina, que originard trombina, e fator
ativador de plaquetas (PAF). Algumas destas substancias sdo estimulantes da
musculatura lisa vascular, amplificam ativacdo plaquetaria e estabilizam o
coagulo. Os nucleotideos também tém capacidade de liberar o Oxido nitrico
(NO) quando em presenca de endotélio intacto. Entdo, o efeito vasodilatador
exercido pelo NO, prevalece sobre o vasoconstritor, proporcionando aumento de
fluxo local e remocédo das plaquetas ativadas, em consequéncia, impedindo, a
formacdo de trombo. Ha também liberacdo de PGI, que, além de vasodilatador,
tem capacidade de inibir a agregacao plaquetaria, o que dificulta a formacéo do
trombo. O NO atua sobre as plaquetas inibindo os trés componentes de sua
funcdo hemostatica, como a adesdo, ativacdo, secrecdo e agregacgdo, sendo
assim, interferindo na inflamacdo e na hemostasia (ASAKURA, 2004).

As plaquetas ativam alguns de seus receptores de membrana, a
glicoproteina llb/Illa  particularmente, em resposta aos sinalizadores
extracelulares que podem ser o ADP e a trombina, que sdo sollveis, ou o
colageno que constitui o subendotélio (CAUWENBERGHS et al., 2007).

A ativacdo plaquetaria em decorréncia do endotélio lesado resulta em
agregacao plaquetaria, formacdo de trombo e espasmo vascular por estarem o
NO e a PGI, diminuidos ou ausentes, prevalecendo, o efeito vasoconstritor do
fator de ativagdo plaquetario - PAF, do tromboxano A2 (TXA,) (Figura 12) e da
serotonina. O NO interfere na acdo dos leucdcitos no processo inflamatorio e
modula a expressdo de proteinas de adesdo como a P-selectina produzida no
endotélio, reduzindo, dessa forma, a adesdo leucocitaria a parede vascular (LEE
et al., 2004).
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Figura 12 Participagdo das plaquetas no processo de hemostasia durante a
formacéo do tampéo

Fonte: Bates e Lau (2005), Erhardtsen (2002) e Stassen, Arnout e Deckmyn (2004)

Nota: A: processo de injdria (lesdo) com exposicdo de agonistas plaquetérios; B:
adesdo das plaquetas ao subendotélio; C: mudanca de forma da plaqueta com
secrecdo dos granulos; D: ligacdo plaqueta/plaqueta; E: depdsito da fibrina sobre
o tampéo plaquetério.

Desse modo o endotélio vascular participa ativamente desse processo,
libera um grande nimero de substancias de relaxamento, dentre eles 0 NO, que
atraves da modulagdo do ténus vascular, promove dilatacdo, o que representa um
sistema local altamente efetivo (MONCADA; PALMER; HIGGS, 1991). O NO
é capaz de interferir no didmetro e resisténcia vascular, inibe a interagdo dos
elementos sanguineos com a parede dos vasos.

Em patologias vasculares, a diminuicdo da sintese de NO reduz a
perfusdo tecidual e estimula a formacéo de trombos; enquanto que 0 excesso na
formagdo de NO em estados patologicos resulta em maior vasodilatagdo e
choque, com a reducdo da atividade plaquetaria prejudicando a hemostasia
(CHESTER et al., 1990; COOKE et al., 1992).
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Compostos naturais tém sido amplamente investigados, quanto a sua
acdo anticoagulante e/ou antiplaquetaria (CHAVES et al., 2010). Estudos in
vitro evidenciam que a cafeina é bloqueadora da fosfodiesterase impedindo,
assim, a conversdo da adenosina monofosfato ciclico em 5-adenosina
monofosfato, acarretando o aumento da adenosina monofosfato ciclico e
consequente inibicdo da agregacdo plaquetaria (CAVALCANTE et al., 2000;
GILMAN et al., 1985). Entretanto, também é demonstrado que a cafeina, ao
bloguear os receptores A2 da adenosina presentes nas plaguetas provoca a
agregacao plaquetaria, ou seja, um efeito trombdético (BAK; GROBBEE, 1990;
CAVALCANTE et al., 2000).

Ja esta documentado um efeito antiplaquetario do café, este efeito,
também foi demonstrado para suco de frutas, vinho tinto, cebola, cha e tomate.
Esses resultados comprovam a importancia da dieta na modulacdo da rede de
plaquetas e confirmam o importante papel da dieta na prevencdo ou auxiliar na
progressdo de doencas como o diabetes (HODGSON et al., 2002; HUBBARD et
al., 2006; O’KENNEDY et al., 2006; PIGNATELLI et al., 2002; POLAGRUTO
et al., 2003).

A hiperglicemia pode conduzir a um estado plaquetério ativado
aumentando a adesdo plaquetaria, resultando em agregacédo e assim a formacao
de trombos. A piora do controle glicémico leva a inflamacéo e ruptura das placas
ateromatosas (OUVINA et al., 2001). Entre os mecanismos responsaveis por
essas alteracOes, estdo os AGEs formados intracelularmente, que podem alterar
estruturas celulares importantes para a homeostasia vascular (BROWNLEE,
2005).

Ha um interesse crescente sobre 0S processos que acarretam
modificagbes de mecanismos hemostaticos e sua relagdo com as desordens
vasculares no diabetes, supostamente, essas modificacbes podem ter especial

importancia para determinar o aumento de risco da enfermidade macro e
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microvascular no diabetes (BARRANTES et al., 1985; FULIER, 1979). Deste
modo, as evidéncias de uma tendéncia trombotica aumentada no diabetes podem
ter implicacdes etioldgicas, preventivas e terapéuticas (MCMILLAN, 1975).

As células e seus componentes ndo sdo protegidos totalmente por
antioxidantes enddgenos, assim, para reforcar os sistemas antioxidantes de
defesa, é desejavel a ingestdo de substancias com capacidade antioxidante para
combater o excesso de ERO no organismo. Alguns polifenéis, como o flavonol
quercetina e os flavondis catequina e epicatequina, além de carotenoides e
vitaminas C e E, &cidos clorogénicos, apresentam elevada atividade antioxidante
comprovada (EFRAIM et al., 2011; JACOB; BURRI, 1996).
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3 CONCLUSOES

Os resultados obtidos neste estudo sugerem que a bebida de café possui
atividade antioxidante, demonstrados através da sua capacidade de inibir a
geracdo do pool de ERO e anion superéxido nos modelos experimentais
utilizados. Encontramos também propriedades antiglicacdo do café demonstrada
através da reducdo na formacgdo de produtos finais de glicagdo avancada (AGES)
no nosso modelo experimental. Esse efeito pode ser devido a compostos com
acdo antioxidante, como os compostos fenolicos, em especial os acidos
clorogénicos, dentre outros, que foram determinados no café utilizado no
tratamento dos animais. O café demonstrou um efeito antiagregante plaquetario,
esses resultados sdo especialmente interessantes, uma vez que o diabetes € um
fator de risco para trombose e que o café é uma bebida amplamente apreciada no
mundo contemporaneo. Adicionalmente, a ingestdo da bebida de café ndo
interferiu na funcdo renal e ndo afetou o perfil glicémico dos animais em estudo.
Além disso, a ingestdo da bebida de café néo alterou a capacidade de fagocitose
e microbicida de neutrdfilos peritoneais dos animais em estudo frente a Candida
albicans. Novos estudos poderao ser realizados para elucidar os mecanismos de
acdo do cafe e estabelecer o potencial terapéutico desses compostos para 0s
pacientes diabéticos e prevenir as complicacBes crbnicas que acompanham a

hiperglicemia.
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Ingestion of coffee (Coffea Arabica L.) reduces advanced glycation end

product (AGES) formation and platelet aggregation in diabetic rats

ABSTRACT

The relationship between the bioactive compounds present in coffee and
health has been widely investigated. Studies have demonstrated the role of these
bioactive constituents in various biological systems, including an inverse
relationship between coffee consumption and the risk of diabetes and its
complications. Chronic hyperglycemia promotes the generation of advanced
glycation end products (AGEs) formed by the modification of proteins via the
Maillard reaction. AGE formation has been shown to promote cellular
alterations in diabetic rats, which may lead to hemostatic system disorders
among others. In this study, we compared the effects of coffee and
aminoguanidine, an inhibitor of protein glycation on AGE formation and platelet
aggregation in diabetic rats. The renal function of the treated rats was assessed
by urea and creatinine measurement because the kidney is the mostly site of
clearance of AGEs. Our results showed that the ingestion of coffee reduced
AGE formation and platelet aggregation in our animal model. Aminoguanidine
was effective in inhibiting AGE formation and platelet aggregation. In addition,
we showed that coffee has no effect on the animal’s renal function. These results
are particularly interesting because hemostasis complications are common in
diabetic patients, and coffee is a widely consumed beverage. However, further

studies are needed to elucidate the mechanisms behind the actions of coffee.

Keywords: Coffea Arabica L., diabetes mellitus, advanced glycation end

product (AGES), aminoguanidine, platelet aggregation.



69

1. INTRODUCTION

Phenolic compounds present in foods and beverages have been associated
with a decreased risk of the development of several chronic diseases (Ribeiro et
al., 2008). Coffee, which contains chlorogenic acid as a main component, is the
major source of phenolic compounds in the human diet (Lafay et al., 2006;
Gomez-Ruiz et al., 2007; Natella and Scacini, 2012) and one of the most
appreciated beverages worldwide. Because of its specific organoleptic
characteristics and potential effects on human health, coffee has aroused the
interest of the scientific community (Alvez et al., 2009).

The chemical composition of the coffee bean is quite complex and
depends on the variety, cultivar, processing type, degree of roasting and
grinding, and the method of beverage preparation (Smith, 1987; Sato et al.,
1995; Illy and Viani, 2005; Lima et al., 2010). Furthermore, factors and dietary
habits of coffee consumers, such as frequency of coffee ingestion, lifestyle, and
genetic predisposition to developing certain diseases, can equally affect the
possible effects of coffee on health (Higdon and Frei, 2006).

Chronic conditions, such as diabetes and cardiovascular diseases, are
currently the primary causes of increased morbidity and mortality in the world
and therefore serious public health problems (ADA, 2013).

The main complications caused by chronic hyperglycemia during
diabetes include systemic metabolic disorders for which increasing oxidative
stress has been implicated as a crucial player (Reis et al., 2008; Wu et al., 2011).
Among the key factors that can explain the ability of these compounds to alter
the chemical and functional properties of various biological structures is the
formation of advanced glycation end products (AGEs) (Browlee, 2001; Peppa et
al., 2003). The chronic state of hyperglycemia contributes significantly to

endothelial injury through the generation of free radicals, through interactions
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with cellular receptors, or via cross-linking with proteins. The irreversible
glycation of subendothelial collagen and other structural proteins changes vase
structure and promotes vascular permeability and the synthesis of pro-
inflammatory cytokines, leading to diabetic complications, such as
macrovascular disorders (Reasner, 2008; Borissoff et al., 2011). Moreover,
platelets adhere to subendothelial components and become activated via cell
signaling, resulting in cellular shape change, secretion and aggregation. It has
been reported that hyperglycemia increases the propensity for platelets to
aggregate and degranulate, leading to a hypercoagulable state (Barg et al., 2007;
Gray et al., 2008; Michelson, 2010).

Coffee, which contains a combination of bioactive components, especially
phenols, is one of the several therapeutic candidates that have been studied in the
search for compounds that can prevent the complications caused by diabetes.
This study aims to determine the effects of coffee on the formation of AGEs and

platelet aggregation in diabetic rats.
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2. MATERIAL AND METHODS

2.1. The preparation and characterization of both integral

Samples of coffee (Coffea arabica L., planted in Brazil) were provided
by Cocam Industry (Catanduva-SP, Brazil). The integral coffee were roasted to
the same degree. Coffee beverages were prepared at a 10 % (w/v) concentration.
The coffee powder was put on a paper filter funnel (Whatman N°3, General
Electric Company), and water at 90 °C was poured over the powder (Duarte et
al., 2005). These beverage samples were lyophilized to perform the chemical
analyses. For the bioassays, the drinks were always prepared at the time of

administration to the animals.

2.2. Determining bioactive compounds in the beverages

The total phenolic content was determined with the Folin- Ciocalteu
method, using tannic acid as the standard (Lima et al., 2010). To determine the
caffeine, chlorogenic acid (CGA), trigonelina and niacina contents, hot water
extraction procedures were used according to Lima et al. (2010). The
chromatographic separation of the compounds was performed with an HPLC
apparatus equipped with data transmitter (Jasco LC - Netll / ADC, Japan), high
pressure pumps (Jasco PU-980, Japan), automatic refrigerated injector (4 ° C,
Jasco AS - 2057 Plus, Japan) and photodiode detector (Jasco MD - 2015 Plus,
Japan) on a reverse phase column (Phenomenex, 250 x 4.60 mm C18 ODS - 2;
5um) eluting (ImL/min) for 30 minutes at room temperature with acetate buffer
gradient (PA, Aldrich, Germany) (a) methanol and (B) (HPLC grade), according

to Chambel et al. (1997), at 1 mL / min. The concentrations of 5-caffeoylquinic
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acid (5-CQA) and caffeine, trigonelline and niacin were calculated by means of
calibration curves made with their respective standards (Sigma).

2.3. Administration of coffee beverages, induction diabetes and treatment with a
AGEs inhibitor (aminoguanidine)

Twelve-week-old male Wistar rats from the animal house of the Federal
University of Alfenas, weighing 320+20 g, were maintained at a temperature of
23°C, with a light—dark period of 12h, and received commercial feed and water
ad libitum during the entire experimental period. All in vivo experiments
followed the guidelines of the International Council for Laboratory Animal
Science (ICLAS) and were approved by the Ethical Committee for Animal
Experimentation of UNIFAL-MG doc. n°® 420/2012 e 536/2013.

Filtered coffee beverages were administered animals by gavage for a
period of 50 days at a dose of 7.2 mi/kg/day, which is equivalent to the daily
human consumption of eight 50-mL cups of coffee. The control group received
the same dosage of water. The induction of diabetes was performed in animals
kept fasting for 12 hours by intraperitoneal administration of alloxan (2%
solution) at a dose of 150 mg/kg (Szkudelski, 2001; de Souza Fereira, 2012). In
this study were considered diabetic animals had glycemia above 250 mg / dL
verified by the Trinder reaction, 7 days after the induction (Stoppa, 2006).

The treatment with aminoguanidine (AMG) (Edelstein and Browlee,
1992) (100mg/Kg/day) by gavage for 50 days was started 7 days after the

administration of alloxan and confirmation of diabetic status.
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2.4.Experimental delineation

After a week of acclimatization, the animals were divided into 6 groups,
non-diabetic animals treated with distilled water (ND), non-diabetic animals
treated with aminoguanidine (ND+AMG), non-diabetic animals treated with full
arabica coffee (ND+CF), diabetic animals treated with water (D), diabetic rats
treated with aminoguanidine (D+AMG), and diabetic animals treated with full
arabica coffee (D+CF). On day 51 the animals were fasted for 12 hours,
anesthetized the animals were sacrificed by deepening anesthesia following the
administration of 40 mg.kg-1 sodium pentobarbital intraperitoneally. Blood was
obtained by puncturing the heart and the abdominal aorta distributed in
siliconized test tubes without additive into, siliconized tubes containing ethylene
diamine tetraacetic acid and sodium citrate-containing tubes. They were then

euthanized by cervical dislocation.

2.5. Glycemic profile

Blood glucose was determined by enzymatic method (Burtis and
Ashwood, 2008). The glycated hemoglobin (HbAlc) was assessed by High
Performance Liquid Chromatography (HPLC) by ion exchange equipment D-10
Dual BIO-RAD, using calipers level 1 e level 2, Kit Hemoglobin Alc Program e
Dual Program BIO-RAD®.

2.6.Renal profile
The dosages of urea and creatinine were made by commercial Kit, using

the Jaffe method for creatinine and urea enzymatic colorimetric method

(modified Berthelot) in automated machine (HumaStart, Human®).
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2.7. AGEs Spectrofluorometric measure

AGEs were quantified by measuring fluorescence as described by Zilin et al.
(2001). Briefly, serum samples (70 pL) were mixed with 1,6 mL of TCA (0.15
mol.L™) in microcentrifuge tubes, and 330 uL of chloroform was added. The
tubes were shaken vigorously to complete the precipitation of proteins and to
extract lipids to organic phase and then centrifuged (10 min, 13000g).
Measurements were performed in aqueous layer at room temperature ina 1 cm
cuvette pathlength. The spectrofluorometer was adjusted at wavelengths of
350nm (excitation) and 440nm (emission) with a gap width of 5 nm. The results
were expressed as arbitrary unit divided by the concentration of specific proteins
in the serum (AU/ mg protein) (Alhamdani et al., 2007).

2.8.Haemostatic parameters

Platelet aggregation was assessed in aliquots of plasma that was rich in
platelets, according to Silvério et al. (2013), using 1 uM adenosine diphosphate

as an agonist in a dual channel aggregometer (Qualiterm), standardized at 37 °C.

2.9. Haematological parameters

Haematological blood samples, collected in tubes containing ethylene
diaminetetraacetic acid, were processed in an Analyser Counter 19 (Wiener
Laboratories, Argentina, Rosario, 2007-2009) to determine 19 hematological

parameters.
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2.10. Statistical Analysis

Three experiments were conducted in Completely Randomized Design
(CRD) and analyzed under double factorial scheme (2 levels of diabetes and 3
levels of inhibitors). Tukey test was performed for qualitative factors, when
necessary (5% of significance level).

Eventual missing data were estimated according to the analysis of
variance linear model, resulting in a balanced escores table.

All analyses were performed in R (R CORE TEAM, 2013) using
ExpDes package (Ferreira, Cavalcanti, Nogueira, 2013).
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3. RESULTS AND DISCUSSION

Among the several bioactive compounds present in coffee (Coffea arabica
L.) that were evaluates in this study, the concentrations of caffeine and
trigonelline were found to be 0.76x 0.01 mg/mL and 0.17+ 0.01 mg/mL,
respectively, which is consistent with the average content found in filter arabic
Brazilian coffees (Nogueira and Trugo, 2003). In addition, coffee contains
antioxidants such as polyphenols. The total phenolic content was found to be
6.55+0.04 mg gallic acid eg/mL, and the total chlorogenic acid content was
0.582+0.007 mg/mL. Chlorogenic acids and their derivatives represent the major
phenolic compounds in coffee (Clifford, 1985).

Diabetic animals had a significantly higher concentration of fasting
glucose (data not shown) and HbAlc compared to the non-diabetic animals
(Figure 1), thereby demonstrating the effectiveness of alloxan. However, coffee
ingestion had no effect on fasting blood glucose and HbAlc levels in either

group (Figure 1).
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Figure 1. Percentage of glycated hemoglobin.
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The values are presented as the mean + SD of the three experiments
performed in triplicate to measure the percentage of HbAlc in the non-diabetic
and diabetic groups. Non-diabetic rats were treated with water, AMG or coffee,
and diabetic rats were treated with water, aminoguanidine (AMG) , or coffee.
***p<0,001.

Previously published data on the effect of caffeine on blood glucose levels
are controversial. While short-term metabolic studies performed in humans have
shown that caffeine at acute doses reduces insulin sensitivity (Keijzers et al.,
2002; Thong et al., 2002), others have demonstrated increased sensitivity of
insulin receptors upon caffeine treatment (Van Dam et al., 2006).

Several mechanisms have been proposed to explain how compounds in
coffee, such as chlorogenic acid, could affect glucose homeostasis and diabetes
progression. Studies have shown that chlorogenic acid may slow down the
catabolism of carbohydrates and inhibit glucose absorption in the gut, thereby

reducing the mobilization of glucose by the liver and enhance glucose uptake in
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peripheral tissues (Natella and Scacini, 2012). These effects may explain why
coffee consumption has a greater effect on plasma glucose levels after overhead
compared to fasting levels (Van Dam et al., 2004).

Aminoguanidine (AMG), one of the agents commonly used to prevent
the formation of AGEs in animal models, is an effective agent for reducing
AGEs formation and lowering the severity of diabetes-associated structural and
functional alterations (Huebschmann et al., 2006). The use of a treatment that
blocks AGEs or reduces oxidative and nitrosative stress can be effective in the
control of diabetic complications. In addition to the effects on advanced
glycation, aminoguanidine at lower doses may specifically inhibit the activity of
iNOS and reduce nitrosative stress (Szabo et al., 1997).

Our results demonstrate the efficacy of AMG treatment in preventing
glycation of proteins. As expected, both HbAlc and AGE levels were
significantly decreased in diabetic animals treated with AMG (Figure 1). Several
studies have demonstrated that aminoguanidine slows the development of
diabetes complications such as nephropathy, vasculopathy and neuropathy.
However, its toxicity is still a limitation for its use in vivo (McEniery, 2006).

The measurement of glycated hemoglobin (HbAlc) is an important
biomolecular marker. It is a variant of hemoglobin that carries an Amadori
product in its B chain that reflects the occurrence of hyperglycemia in the three
months prior to its measurement and, indirectly, advanced glycation. To
investigate how glycated hemoglobin may be influenced by anemic states and
hematological parameters in animals, experiments were performed to verify
whether the induction of diabetes or associated treatments modified the
erythrogram in these animals.

As shown in table 1, the average erythrocyte and total leucocyte count in
the diabetic group differed little from that of the non-diabetic group.

Aminoguanidine treatment and coffee intake did not change the erythrocyte and
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leukocyte counts in the animals studied. Some studies have demonstrated the
ability of phenolic compounds to form complexes with Fe (I), present in large
quantities in the hemoglobin molecule, which could interfere with its absorption
in the gastrointestinal tract and consequently lead to iron deficiency (Mennen et
al., 2005; Elhabiri et al., 2007; Agnieszka and Borowska, 2008). However, data
from this study suggest that consumption of coffee is not capable of altering the

levels of circulating hemoglobin in rats on a balanced diet.

Table 1. Hematological parameters of the rats in different treatment groups.

Parameters Hem (x10% L) Hb (g/dL) Ht (%) Leuk (mm®)
Non-diabetic 8,7 (x0,4) 16,7 (20,7) 46,0 (+1,5) 5785 (+348,4)
Diabetic 8,8 (£0,4) 17,2 (£1,1) 487 (22,9) 5522 (+243,8)
ND+AMG 8,6 (+0,6) 17,0 (20,4) 46,6 (+2,0) 5825 (+436,7)
D+AMG 8,6 (+0,5) 17,1 (+1,1) 47,9 (+2,8) 5514 (+402,9)
ND+CF 8,8 (+0,5) 17,9 (£0,3) 47,7 (£1,9) 5542 (+395,2)
D+CF 8,7 (+0,5) 17,0 (+1,0) 47,8 (+2,9) 5275 (+377,0)

The results represent the mean + standard deviation for five determinations per treatment.
ND+AMG non-diabetics treated with aminoguanidine, ND+CF non-diabetics treated with coffee, D+AMG diabetic treated
with aminoguanidine , D+CF diabetic treated with coffee, Hem red blood cells, Hb hemoglobin, Ht hematocrit, Leuk

leucocytes.

The contribution of AGEs in the development and progression of diabetic
complications is well established (Jakus; Rietbrock, 2004). AGEs may act by
modifying intracellular proteins involved in gene regulation in the nearby
extracellular matrix molecules by interfering in signaling between the matrix and
the cell causing dysfunction in proteins, such as albumin. This subsequently
activates receptors of AGEs (RAGES) stimulating the production of pro-
inflammatory cytokines, prostaglandin stimulating factor and granulocyte colony
stimulating factor (Goldin et al., 2006). Because AGEs, the final products of

advanced glycation, are one of the main factors that could potentially explain
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how chronic hyperglycemia leads to cell and tissue damage observed in diabetes,
their serum concentration was determined in the animals studied. The serum
concentration of the well characterized and widely studied fluorescent AGEs
pentosidine and argipiridine were measured in the experimental animals (Henle,
2003; Ahmed, 2005). Circulating levels of fluorescent AGEs were significantly
higher in diabetic animals compared to the non-diabetic animals (Figure 2).
Although it has already been demonstrated that AGEs production increases
significantly under conditions of hyperglycemia or oxidative stress, several
mechanistic details of this pathway are still unclear (Lapolla et al., 2005; Jay et
al., 2006). As mentioned above, serum concentration of the AGEs significantly
decreased in aminoguanidine-treated diabetic and non-diabetic animals treated
(Figure 2). Our results demonstrate the effectiveness of aminoguanidine
treatment in preventing AGE formation in diabetic patients. Similarly, coffee

reduced AGEs formation but only in diabetic animals (Figure 2).
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Figure 2. Fluorescent AGEs in serum of the animals.
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The values are presented as means + SD of the three experiments
performed in triplicate to measure of the fluorescent AGEs in serum in the non-
diabetic and diabetic groups. Non-diabetic rats were treated with water , AMG
or coffee and diabetic rats were treated with water , aminoguanidine (AMG) , or
coffee. ***p<0,001.

There has been significant interest in identifying dietary components that
combat diabetic complications by reducing the deleterious accumulation of
AGEs in the body. Although no food component has been specifically indicated
as being anti-AGEs in vivo, certain compounds present in coffee, such as
phenolic compounds, have been studied intensively and have been shown to
have the ability to inhibit AGEs formation (Babu et al., 2006).

The involvement of AGEs in the pathogenesis of diabetic micro- and
macroangiopathy is well established in literature (Coughlan et al., 2008;
Noordzij et al., 2008). Additionally, because the kidneys are the major site for
AGEs clearance, they are the main target of deleterious AGE-mediated changes

(Miyata et al., 1998). Therefore, we evaluated the renal function in both groups
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of animals by measuring urea and creatinine levels. As shown in Figure 3,
significantly higher levels of urea are present in the serum of diabetic animals,
and aminoguanidine treatment or coffee intake did not change the renal profile
of the diabetic rats studied. Urea, the major product of protein metabolism in the
liver, is synthesized from CO, and ammonia and circulates in the blood before
being filtered in the kidneys, where most of it is excreted in urine. Urea levels
are sensitive to changes in primary renal functions and is an important marker in
conditions such as diabetes that affect primary renal function alterations
(Nosadini, 2002). However, because urea concentration is influenced by the
degree of hydration and dietary habits, it is less specific than creatinine for the

assessment of renal function.

Figure 3. Determination of urea in the serum of animals.
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The values are presented as means + SD of the three experiments
performed in triplicate to measure of the ureia in serum in the non-diabetic and
diabetic groups. Non-diabetic rats were treated with water , AMG or coffee and
diabetic rats were treated with water , aminoguanidine (AMG) , or coffee.
***p<0,001.
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In this study, aminoguanidine treatment or coffee intake did not affect
serum creatinine levels in the diabetic animals (Figure 4). Creatinine, which is a
breakdown product of creatine phosphate in muscle, is usually produced at a
constant rate, and its levels are directly proportional to muscle mass.
Interestingly, creatinine levels also reflect the glomerular filtration rate because
its concentration in the blood increases as the renal filtration rate is reduced
(Gémez-Marcos et al., 2010).

AGEs can be highly detrimental to the integrity and function of blood
vessels in several ways. In the interior of the vessel wall, AGEs form intra- and
intermolecular crosslinked matrix proteins, plasma protein traps, and interact
with receptors to modulate many cellular properties in addition to inducing the
production of the potent vasoconstrictor endothelin-1 by endothelial cells
through activation of the NF-kB pathway. The interaction of AGEs with
components of the vessel wall increases vascular permeability, expression of
procoagulant activity and the generation of ROS resulting in increased leukocyte
adhesion molecules in the endothelial layer (Bierhaus et al., 1998). Additionally,
platelet hyperactivity is an important factor commonly associated with chronic

diabetes complications (Ollas et al., 2005).
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Figure 4. Determination of creatinine in serum of the animals.

mg/dL Creatinine

NON-DIABETIC DIABETIC

The values are presented as means + SD of the three experiments
performed in triplicate to measure of the creatinine in serum in the non-diabetic
and diabetic groups. Non-diabetic rats were treated with water , AMG or coffee
and diabetic rats were treated with water , aminoguanidine (AMG) , or coffee
***p<0,001.

Patients with diabetes generally have a box and hypercoagulable
hypofibrinolysis. However, the degree of abnormality of the hemostatic system
in diabetic patients is still not well understood. To evaluate the effects of coffee
on primary hemostasis in diabetic rats, platelet aggregation against the ADP
agonist was determined. Platelet aggregation was significantly increased in the
diabetic animals (Figure 5), suggesting that the osmotic effect of glucose and
ROS are in excess in serum, leading to platelet to aggregation and degranulation
(Keating et al., 2003). An increase in platelet activity and thrombus formation
has been suggested to play a role in diabetes, atherosclerosis, cardiac disease and

hypertension (Aaron et al., 2001). Several studies have shown increased platelet
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reactivity in diabetic patients through increased levels of specific markers, such
as beta-thromboglobulin and platelet factor 4 in platelet granules in plasma
(Grant, 2007) and increased expression of platelet membrane glycoproteins
GPIb and GPlIbllla. Reduced fluidity of membranes has also been correlated
with glycation of proteins of the platelet membrane (Winocour, 1994; Kuhne et
al., 1995).

It was observed that aminoguanidine significantly reduced platelet
aggregation in non-diabetic and diabetic animals (Figure 5). This can be due to
its antioxidant activity (Kelly et al., 2001) that blocks protein glycation and is
able to reduce reactivity changes in platelets, thereby helping to ameliorate the

endothelial dysfunction that is intrinsic in diabetes.

Figure 5. Platelet agregation in animals.

% Platelet aggregation

NON-DIABETIC DIABETIC

The values are presented as means + SD of the three experiments
performed in triplicate to measure of the platelet aggregation in the non-diabetic
and diabetic groups. Non-diabetic rats were treated with water , AMG or coffee
and diabetic rats were treated with water , aminoguanidine (AMG) , or coffee.
***p<0,001.
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Our results demonstrate that coffee does not reduce platelet aggregation in
non-diabetic animals and reduces aggregation in diabetic animals to levels
comparable to that of the non-diabetic group (Figure 5). Bhaskar (2010) showed
that coffee is effective in inhibiting platelet aggregation against different
agonists such as ADP, collagen, arachidonic acid and epinephrine. Natella et al.
(2008) has suggested that the antiplatelet effect of coffee is caffeine-independent
but dependent on the intracellular interaction between the phenolic acids in
coffee and platelets. Studies evaluating the in vitro platelet function in diabetic
subjects showed an increase in the reactivity and expression of GPIb and
GPlIb/llla and increased glycation of platelet membrane proteins (Soares et al.,
2010). The compounds found in coffee could be acting in these platelet
constituents. It has been shown previously that phenolic compounds may exert
an inhibitory effect on the -eicosanoid biosynthesis enzymes, such as
cyclooxygenase and lipoxygenase, leading to reduced production of adhesion
molecules on the arterial wall and reduced platelet aggregation (Zern and
Fernandez, 2005), thereby reducing the risk of thrombosis, a major complication
of diabetes.

It is important to note that the species of coffee, the roasting process, and
the method of brewing, among other variables, modifies the amount of the
bioactive components, such as chlorogenic acid, caffeine, and melanoidins. That
are suggested to be mainly responsible for the antioxidative effects of coffee and

can alter the effects described in other studies.



87

4. CONCLUSION

In conclusion, we showed that coffee intake reduces the formation of
AGEs and platelet aggregation in our experimental model. Aminoguanidine was
effective in inhibiting the AGEs formation and platelet aggregation.
Additionally, we showed that coffee has no effect on the renal function of
animals.

These results are especially interesting because diabetes is an important
risk factor for thrombosis, characterized by a hypercoagulable state and
hypofibrinolysis, and coffee is a widely consumed beverage in the contemporary
world.

Further investigations are needed to elucidate the mechanisms of coffee
function and to establish the therapeutic potential of this compound for patients
with diabetes to prevent the chronic complications that accompany

hyperglycemia.
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Coffee reduces NOX2 activity and ROS release by peritoneal neutrophils
from rats diabetics

ABSTRACT

Coffee is a complex mixture of substances with potential beneficial and
adverse health effects that is widely consumed by all social classes and is part of
the diet of many countries. Diabetes is an important morbidity in industrialized
societies because it compromises productivity and quality of life and generates
direct and indirect costs. Information regarding the effects of coffee on health is
broad but controversial. The present study evaluated the influence of coffee on
NOX2 activity and the generation of ROS; the impact of this effect on
phagocytosis and killing of neutrophils against Candida albicans was also
analyzed because candidiasis is common in diabetic patients. Our results show
that coffee inhibited NOX2 activity in diabetic animals and reduced the pool of
ROS in non-diabetic and diabetic animals, but this activity did not affect the
phagocytosis or killing of these cells. Treatment with apocynin inhibited NOX2
activity and compromised the ability of peritoneal neutrophils of non-diabetic
animals to kill Candida albicans. In diabetic animals, apocynin had no effect on
the Killing of Candida albicans, and diabetic animals exhibited decreases in the

activity of MPO, which is an important enzyme for the action of apocynin.

Keywords: Diabetes Mellitus, Coffea ardbica L., NOX2, Apocinin, Reactive

oxygen
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1 INTRODUCTION

The consumption of coffee is widespread in many countries, and its
potential health effects have been widely studied. The relationship between the
consumption of coffee and human health and disease are complex as its
composition, its preparation and the ingested dose may vary (Roales-Nieto, San
Pedro, Luciano, Coronado, 2004). Among the many bioactive substances that
are present in the beverage, two stand out: caffeine and chlorogenic acid, which
are substances associated with reduced risk of developing several diseases such
as arteriosclerosis, cancer and diabetes mellitus (\Volz et al., 2012).

Diabetes mellitus is a heterogeneous group of metabolic diseases of
diverse etiology that are characterized by chronic hyperglycemia and alterations
in the metabolism of lipids, carbohydrates and proteins due to defects in insulin
secretion, insulin action or both (ADA, 2013). The complications of diabetes
mellitus, its complex pathophysiology and the current pandemic are of
increasing concern worldwide because diabetes is the leading cause of morbidity
and mortality in developed countries (Patel, Kumar, Laloo, Hemalath, Patel,
2012).

A high glucose level is mainly responsible for the changes in metabolic
pathways in diabetics and is considered an important factor in the development
of tissue damage, but these effects may be reversible with glycemic control.
Some authors suggest that major changes are caused by hyperglycemia linked to
increased flow in the polyol pathway, activation of protein kinase C (PKC) and
increased formation of advanced glycation end products (AGES) (Koya & King,
1998). The generation of ROS (reactive oxygen species) seems to be a common
thread among these pathways, and a major source of ROS is the activation of
NOX2.
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The killing and microbicidal functions of neutrophils are directly related
to the metabolic pathway that involves NOX2 and generates ROS (Shen, 2010).
Changes in ROS production by phagocytes have been identified as a major cause
of immune system dysfunction in diabetics and of their increased susceptibility
to bacterial and fungal (Kempf et al., 2007) infections. However, data on the
influence of the diabetic state on the modulation of NOX2 are still unclear.

Evidences suggest that high consumption of coffee may reduce the risk
of diabetes mellitus by affecting glucose metabolism with respect to insulin
tolerance and oxidative stress as a consequence of chronic hyperglycemia
(Muriel & Arauz, 2010). Despite numerous reports in the literature on the
association between coffee consumption and diabetes, these data are still
inconclusive.

In this context, the present study aimed to verify the influence of coffee
on ROS generation by NOX2 and on the phagocytic function of neutrophils and

microbicidal activity toward Candida albicans (C. albicans) in diabetic rats.



102

2 MATERIALS AND METHODS

2.1 The Preparation and Characterization of Both Integral

Samples of coffee (Coffea arabica L., planted in Brazil) were provided
by Cocam Industry (Catanduva-SP, Brazil). Coffee beverages were prepared at a
10 % (w/v) concentration. The coffee powder was put on a paper filter funnel
(Whatman N° 3, General Electric Company), and water at 90°C was poured over
the powder (Duarte, Abreu, Menezes, Santos, Gouvéa, 2005). These beverage
samples were lyophilized to perform the chemical analyses. For the bioassays,

the drinks were always prepared at the time of administration to the animals.

2.2 Determining Bioactive Compounds in the Beverages

The total phenolic content was determined using the Folin-Ciocalteu
method, with galic acid as the standard (Lima, Pereira, Abrahdo, Duarte, Paula,
2010). To determine the caffeine, chlorogenic acid (CGA), trigonelline and
niacin contents, hot water extraction procedures were used according to Lima et
al. (2010). The chromatographic separation of the compounds was performed
using an HPLC apparatus equipped with transmitter data (Jasco LC - Netll /
ADC, Japan), high pump pressure (Jasco PU-980, Japan), refrigerated automatic
gun (4°C, Jasco AS - 2057 Plus, Japan) and photodiode detector (Jasco MD -
2015 Plus, Japan) on a reverse phase column (Phenomenex, 250 x 4.60 mm C18
ODS - 2,5 um), eluted (1 mL/min) for 30 minutes at room temperature with an
acetate buffer gradient (PA, Aldrich, Germany) (a) and then methanol (b)
(HPLC grade) at 1 mL / min. The concentrations of 5-caffeoylquinic acid (5-
CQA), caffeine, trigonelline and niacin were calculated using calibration curves

made with their respective standards (Sigma).
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2.3 Administration of Coffee Beverages, Induction of Diabetes and
Treatment with a NOX2 Inhibitor (Apocynin)

Twelve-week-old male Wistar rats from the animal house of the Federal
University of Alfenas, weighing 320+20 g, were maintained at a temperature of
23°C, with a light—dark period of 12h, and received commercial feed and water
ad libitum during the entire experimental period. All in vivo experiments
followed the guidelines of the International Council for Laboratory Animal
Science (ICLAS) and were approved by the Ethical Committee for Animal
Experimentation of UNIFAL-MG (doc. n° 420/2012 and 503/2013).

Filtered coffee beverages were administered to animals by gavage for 50
days at a dose of 7.2 ml/kg/day, which is equivalent to a daily human
consumption of eight 50-mL cups of coffee. The non-diabetic group received the
same dosage of water. The induction of diabetes was performed in animals that
had been fasted for 12 hours by intraperitoneal administration of alloxan (2%
solution) at a dose of 150 mg/kg (Szkudelski, 2001). In this study, animals were
considered diabetic when they showed a blood glucose level above 250 mg/dL,
as verified using the Trinder reaction, 7 days after induction (Stoppa, Cesquini,
Roman, Ogo, Torsoni, 2006). The treatment with apocynin (Soo Min et al.,
2009) (Sigma) (16mg/kg/day) by gavage for 50 days was started 7 days after the

administration of alloxan and confirmation of diabetic status.

2.4 Experimental delineation

After a week of acclimatization, the animals were divided into 6 groups:
non-diabetic animals treated with distilled water (ND), non-diabetic animals
treated with apocynin (ND+APO), non-diabetic animals treated with full arabica

coffee (ND+CF), diabetic animals treated with water (D), diabetic rats treated
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with apocynin (D+APO), and diabetic animals treated with full arabica coffee
(D+CF). On day 51, neutrophil recruitment was carried out using intraperitoneal
administration of 2 ml of 12% sodium caseinate (w/v) (Sigma) that was diluted
in 0.9% sterile saline; and after 4 hours, the animals were sacrificed by
deepening anesthesia following the administration of 40 mg.kg-1 sodium
pentobarbital intraperitoneally. After gentle massage of the abdomen, the
intraperitoneal cavity was washed with 15 mL of sterile, cold phosphate-
buffered saline (PBS). The cell suspension was obtained by aspiration with a
syringe and 40 x 12mm needle, centrifuged at 4°C (5009 for 10 minutes),
packed in curved-bottom polypropylene tubes and kept on ice until the tests.
Blood was obtained by puncturing the heart and distributed into siliconized
tubes containing ethylene diamine tetraacetic acid without additives. The

animals were then euthanized by cervical dislocation.

2.5 Cell counting and viability assessment

The number of viable cells (>98% neutrophils) was determined in a
Neubauer chamber (Knittel Glaser, Braunschweig, Germany) under an optical
microscope by Trypan blue exclusion. The differential cell count was performed

after fixation and May—Grunwald-Giemsa staining.

2.6 Yeast preparation

C. albicans yeast (ATCC 5372) was opsonized by 10% (v/v) non-
immune rat serum in 0,01 mol.I-1 of phosphate buffer, pH 7,2, containing 0,15
mol.I-1 of NaCl (PBS) for 30 min at 37°C with orbital shaking at 150 rpm.
Viability was determined by exclusion of methylene blue 0,05% (99,9%), and
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the number of C. albicans was determined in a Neubauer’s chamber (de Souza
Ferreira et al., 2012).

2.7 Glycemic profile

Blood glucose was determined by enzymatic method. The glycated
hemoglobin  (HbAlc) was assessed by High Performance Liquid
Chromatography (HPLC) by ion exchange equipment D-10 Dual BIO-RAD,
using calipers level 1 e level 2, Kit Hemoglobin Alc Program e Dual Program
BIO-RAD®.

2.8 NOX2 system activity (Cit C reduction)

The production of superoxide anions by NOX2 in neutrophils was
monitored by the reduction of cytochrome C. The test was conducted in a plastic
bucket containing 1x10° neutrophils per millilitre, 100 umol.l-1 of cytochrome
C and 20 umol.l-1 of catalase in PBS containing 10 umol.lI-1 of glucose, pH
7,4. The buckets were kept at 37°C for 10 min in a spectrophotometer to balance
the system. Superoxide production was initiated by the addition of PMA (12-
myristate 13-acetate phorbol) (100 ng.ml-1). After the addition of PMA, the
reaction was monitored by spectrophotometry for 3 min at a wavelength of 550
nm (Jones & Hancock, 1994).

2.9 Chemiluminescence amplified by luminal
The chemiluminescence of luminol is commonly used to evaluate the

oxidative burst that occurs when intact phagocytes are activated by the addition

of a stimulus, such as PMA, in an assay usually termed luminol-enhanced
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chemiluminescence of activated phagocytes. For this assay, neutrophils were
activated with PMA (53 ng per test) in a reaction mixture containing 1 mmol.I-1
of luminol and 1x10° neutrophils per millilitre. The intensity of
chemiluminescence was followed in a Geomax luminometer® 20/20, and the
final volumes were 0,3ml. The chemiluminescence is expressed as relative light
units per second (RLU/s). The reaction was performed in PBS, pH 7,4, and
followed for 30 min. All measurements were made at 37°C (Rodrigues, Russo,
Campa, Rodrigues, 2002). As controls, the reactions were carried out without

cells, without luminal or without PMA.

2.10  Phagocytosis of C. albicans and candidacidal activity

Neutrophils (1x10°) were incubated in sterile plastic tubes (to avoid cell
adherence) at 37°C with opsonized C. albicans (1x10') at a 1:10 ratio at 37°C in
1ml of RPMI medium in a rotatory system (10 rpm). After 30, 60, 90 and 120
min of incubation, an aliquot of 50 ml of this suspension were adhered to cover
slip glass by cytocentrifugation (Sorocito FANEM). After centrifugation, cover
slips were stained with Wright’s and May-Giemsa stains (Souza, Kang,
Nardinelli, Borelli, 2001). Neutrophils with one or more attached yeasts were
scored as phagocytic cells. However, this method did not distinguish between
engulfed yeast and those which were attached to the cell surface (Islam & Nabi,
2003). The percentage of phagocytic cells and the number of yeast cells attached
per 100 randomly chosen neutrophils were counted by examining at least 200
neutrophils per preparation. For candidacidal activity determination, cell
viability of attached cells was assessed using the dye exclusion (Rosenfeld) test
(de Souza Ferreira et al., 2012).
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2.11 Haematological parameters

Haematological blood samples collected in tubes containing EDTA were
processed in an Analyser Counter 19 (Wiener Laboratories, Argentina, Rosario,
2007-2009) for 19 haematological parameters.

2.12 Statistical analysis

Three experiments were conducted in Completely Randomized Design
(CRD). The first one, regarding fagocitosis and killing, was analyzed under
double factorial scheme split in time (2 levels of diabetes, 3 levels of inhibitors
and 4 times). The second one was not time dependent, what simplified to a
regular double factorial scheme (2 levels of diabetes and 3 levels of inhibitors).

Eventual missing data were estimated according to the analysis of
variance linear model, resulting in a balanced scores table.

Tukey test was performed for qualitative factors and regression model
were fitted for time, when necessary (5% of significance level).

All analyses were performed in R (R CORE TEAM, 2013) using

ExpDes package (Ferreira, Cavalcanti, Nogueira, 2013).
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3. RESULTS AND DISCUSSION

The profiles of the bioactive compounds (caffeine, total phenolics and
total ACG, trigonelline and niacin) are presented in Table 1.

Table 1. Compounds bioactives of the Coffee. Levels of caffeine, total phenols
and total chlorogenic acids, trigonelline and niacin detected in the

integral coffee beverages.

Bioactive compounds

Caffeine Total phenols Total CGA Trigonelline Niacin
(mg/dL) (mg gallic acid (mg/mL) (mg/mL) (mg/mL)
eq/mL)
0,76+0,01 6,55+0,04 0,582+0,007 0,17+0,01 0,016+0,001

The results represent the mean * standard deviation (n=5). CGA chlorogenic acids

The detected caffeine and trigonelline contents were similar to the
average content found in beverages prepared from Brazilian arabica beans using
the filter method (Camargo, Toledo, Farah, 1998). Caffeine is thermally stable,
unlike trigonelline and ACQ, which are thermosensitive, so the processes of
roasting, extraction and drying should have less influence on the final content of
caffeine in the product (Marcucci, Benassi, Almeida, Nixdorf, 2013). However,
roasting causes significant losses of trigonelline, and its concentration in
beverages varies according to the type of coffee. Trigonelline is demethylated
during roasting to form niacin, which is an important vitamin for human
metabolism, in quantities of 20 mg per 100 g of roasted coffee per mL
(Yoshinari, Takenake & lgarashi, 2013).

Coffee is a major source of dietary phenolics, which are nearly entirely
represented by chlorogenic acid (Natella & Scaccini, 2012) (Table 1). Several in
vitro studies have suggested the potential beneficial effects of chlorogenic acid

in guarding the health of consumers of this beverage (Chaves et al., 2010). The
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dose used in this study (7.2 ml/kg/day) is equivalent to a daily human
consumption of 8 cups of 50 ml of boiled and filtered coffee.

To monitor the installation of diabetes, the blood glucose level was
determined seven days after the induction of diabetes and monitored weekly by
measuring glycosuria. All animals that showed reversal of the diabetes state over
the two-month trial were excluded. The glucose levels were measured at the
time of sacrifice, and a significant difference was observed between the non-
diabetic animals and diabetic groups, regardless of treatment, showing that the
induction of diabetes by alloxan was effective (data not shown).

Because blood glucose indicates only a momentary state, we evaluated
the glycation of proteins by measuring HbAlc (Figure 1). Several studies have
used the measurement of glycation end products in the serum or tissues of
diabetic patients to assess the risk of disease progression, and one of the
parameters that is measured is HbAlc (Yonekura et al., 2003). The formation of
glycated hemoglobin occurs irreversibly and progressively in erythrocytes and is
proportional to the glucose level in the blood. Erythrocytes are freely permeable
to glucose molecules, and hemoglobin is exposed to the same concentrations of
plasma glucose. Because glycated hemoglobin accumulates within erythrocytes,
they have the same half-life. For this reason, we also evaluated the
hematological parameters of the animals to exclude any interference with the
HbAlc values (Table 2). As shown in Table 2, the hematological parameters
were not different between groups and did not affect HbAlc; the animals

showed no changes in the red blood cells.
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Table 2. Hematological parameters of the rats in different treatment groups.

Parameters Hem (x10° L)  Hb (g/dL) Ht (%) Leuk (mm®)
Non-diabetic 8,7 (x0,4) 16,7 (¥0,7) 46,0 (x1,5) 5785 (¥348,4)
Diabetic 8,8 (x0,4) 17,2 (#1,1) 48,7 (¥2,9) 5522 (+243,8)
ND + APO 8,3 (0,3) 18,0 (¥0,6) 454 (x1,7) 5771 (¥442,4)
D + APO 8,6 (+0,4) 16,7 (1,0) 48,4 (+3,0) 5485 (+371,6)
ND + CF 8,8 (0,5) 17,9 (¥0,3) 47,7 (+1,9) 5542 (¥395,2)
D +CF 8,7 (x0,5) 17,0 (#1,0) 47,8 (+2,9) 5275 (¥377,0)

The results represent the mean * standard deviation for five determinations per treatment

ND+APO non-diabetics treated with apocynin, ND+CF non-diabetics treated with coffee, D+APO diabetic treated with

apocynin , D+CF diabetic treated with coffee, Hem red blood cells, Hb hemoglobin, Ht hematocrit, Leuk leucocytes

After 50 days of treatment, the HbAlc levels were significantly higher

in diabetic than non-diabetic animals, and this effect was independent of

treatment with APO or coffee (Figure 1).

Figure 1. Percentage of glycated hemoglobin.
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The data regarding the influence of coffee on glycemia in diabetic
subjects are contradictory. Studies have shown a hyperglycemic effect of
caffeine on the decrease in insulin sensitivity and glucose tolerance, and this
effect can be modified when caffeine is consumed within a complex mixture,
such as coffee, because other compounds can neutralize or antagonize the
negative effect of caffeine on glucose metabolism, e.g., chlorogenic acid and
trigonelline have a hypoglycemic effect (Natella & Scaccini, 2012). Chlorogenic
acid has also been found to inhibit the liver enzyme glucose-6-phosphatase,
which plays a critical role in the production of glucose in the liver, in vitro (Van
Dijk et al., 2009).

In this study, treatment of the animals with apocynin did not affect the
glucose levels (Figure 1), a result that is consistent with the literature. Studies on
the effect of apocynin and the NOX2 system on glycemia are scarce and focus
on the complications of hyperglycemia (Diaz, Bravo, Samper, Garcia, Barrera,
2011). Here, treatment of the animals with apocynin did not affect glucose levels
(Figure 1), and this result is consistent with the descriptions of this effect in the
literature (Thallas-Bonke et al., 2008).

We evaluated the production of superoxide anion, which reflects the
activity of NOX2 through the reduction of cytochrome C. Figure 2 shows no
difference in the generation of superoxide anion among non-diabetic and
diabetic animals. lonoghuchi et al. (1992) demonstrated that the production of
ROS in cultured endothelial cells exposed to high glucose levels is similar to
that of cells in response to stimulation by PMA, suggesting a greater
translocation of PKC to the membrane and, thereby, providing an increased
sensitivity to stimulation by PKC in neutrophils of diabetic patients. In this
study, PMA was added to both the diabetic and non-diabetic groups.

Apocynin, as expected, significantly inhibited the production of

superoxide anion independent of the diabetic state. Apocynin acts by inhibiting
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the translocation of p47phox to the cell membrane and preventing the assembly
of the system, and it has been used extensively as a non-toxic inhibitor of
NOX2. The clinical applicability of apocynin has been studied by several
groups, who showed that apocynin efficiently decreased signs and symptoms of
rheumatoid arthritis, inflammatory bowel disease, atherosclerosis and asthma
(Tang, Chen, Xiong, Hu, Wu, 2010). The mechanism of inhibition of apocynin
is connected to its prior activation by peroxidase and its dimerization through its
oxidation by myeloperoxidase (MPOQO). Some studies have shown that the
apocynin dimer is more efficient than apocynin itself (de Almeida, Vilela,
Condino-Neto, Ximenes, 2012), and others suggest that only the dimer is able to
block the activity of NOX2 (Van den Worm et al., 2001). Our group previously
demonstrated that diabetic animals have lower MPO activity than non-diabetic
animals (de Souza Ferreira et al., 2012), which could explain the less

pronounced effect of apocynin in the diabetic group (Figure 2).
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Figure 2. Measurement of superoxide anion.
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The values are presented as means + SD of the three experiments
performed in triplicate of the 100 pmol.I™* of cytochrome C reduction and 20
umol.I'* of catalase promoted by peritoneal neutrophils (1x10° cells per test) of
rats stimulated with PMA (100 ng.mlI™) from non-diabetic and diabetic groups.
Non-diabetic treated with: water , APO or coffee and diabetic treated with:
water , APO or coffee. ***p<0,001. APO apocynin.

The group treated with coffee also exhibited an inhibition of superoxide
anion production, but this inhibition was less pronounced than that of apocynin
and was only observed in diabetic animals. One of the most extensively studied
and proven properties of coffee is its antioxidant activity related to natural
phenolic compounds such as chlorogenic acid, caffeine and melanoidins (But &
Sultn, 2011) , which may contribute to its inhibitory effect.

The superoxide anion originates from other species, e.g., hydrogen
peroxide (HO,), which is formed from the spontaneous dismutation of
superoxide anion and/or catalysis by the enzyme superoxide dismutase (SOD),
HOCI (hypochlorous acid), which is formed by an H,O,-dependent reaction with
chloride ions (Cl-) and MPO, and nitric oxide (NO), which is formed by the
oxidation of L -arginine by iNOS (Bedar & Krause, 2007). We also assessed the
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extracellular ROS production by chemiluminescence amplified by luminol. As
observed in Figure 3, hyperglycemia increased the pool of ROS in neutrophils,
and any of the above-mentioned species could contribute to the observed effect.
Apocynin and coffee inhibited the production of ROS by neutrophils, and this
effect was more evident in diabetic animals. The inhibitory effect of apocynin on
ROS production is well described. As for coffee, the works are often in conflict.
Numerous papers describe the antioxidant properties of coffee, while others
show the opposite effect (Wu, Huang, Lin, Hiang, Yen, 2011). However, little is
known regarding its anti-oxidative mechanism in the modulation of key cellular
processes. Here, we observed that coffee reduced ROS production. Related to
this point, the increased expression and activity of the antioxidant enzymes
SOD, catalase and GPx in the livers of rats was recently described (Vicente,
Ishimoto, Torres, 2014). Neutrophils also express these enzymes, which could
contribute to the reduction of ROS that was observed in the group treated with
coffee. Furthermore, it has been described that caffeic acid reduced the activity
of the GTPase protein Racl accompanied by a decrease in NOX2 regulation (Xu
et al., 2005).
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Figure 3. Measurement of the pool of reactive oxygen species.

5x10° 4

4x10°

3x10° 4

2x10° A

Integrated light emission

1x10°

NON-DIABETIC DIABETIC

The values are presented as means + SD of the three experiments
performed in triplicate of the integrated area of light emission obtained for the
oxidation of luminol (1 mmol.I™) promoted by peritoneal neutrophils (1x10°
cells per test) of rats stimulated with PMA (53 ng.ml™) from non-diabetic and
diabetic groups. Non-diabetic treated with: water , APO or coffee and diabetic
treated with: water , APO or coffee. ***p<0,001. APO apocynin.

NOX2 plays an important role in the antimicrobial response of the body
by the generation of ROS. Thus, the phagocytic and killing activities of
peritoneal neutrophils toward C. albicans were evaluated in this study. C.
albicans is an opportunistic pathogen that can cause mucocutaneous,
gastrointestinal and systemic infections, especially in immunocompromised and
neutropenic patients. Moreover, candidiasis is a common infectious condition in
diabetic patients (Diaz, Bravo, Samper, Garcia, Barrera, 2011).

The phagocytosis and killing of C. albicans by peritoneal neutrophils
from diabetic animals were significantly impaired relative to those of neutrophils
from non-diabetic animals (Figure 4 and 5), as described in our earlier work (de

Souza Ferreira et al., 2012). Chronic hyperglycemia causes glycation of the
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membranes of leukocytes in diabetics, which results in the loss of granulocyte
functions, such as chemotaxis, diapedesis, phagocytosis and bactericidal action.
These data demonstrate that the hyperglycemic state adversely affects the
phagocytic and Kkilling activities of peritoneal neutrophils exposed to C.
albicans. It is known that the addition of ROS and proteins in the phagosome,
such as lysozyme, neutral and acid proteases, phospholipases and MPO, also
play an important role in the killing of pathogens. It has been shown that animals
that are deficient in cathepsin G and elastase but produce superoxide anion
normally are less resistant to infection by Staphylococcus aureus and C.
albicans (Thevenod, 2008).

Figure 4: Effect of beverage coffee and APO on the ability of neutrophils to
phagocytosis C. albicans.
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Neutrophils were incubated with opsonized yeast C. albicans for 30, 60,
90 and 120 min, and the percentage of neutrophils that phagocytized one or
more yeast C. albicans (phagocytic neutrophils %) was determined from non-
diabetic and diabetic groups. Non-diabetic treated with: water , APO or coffee
and diabetic treated with: water , APO or coffee . The values are presented as
means = SD of the three experiments performed in triplicate. W water; APO
apocynin; CF coffee.
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Figure 5: Effect of beverage coffee and APO on the killing of C. albicans.
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Neutrophils were incubated with opsonized yeast C. albicans for 30, 60,
90 and 120 min, and then, killing ability (candidacidal activity %) was assessed.
Suspension of C. albicans without neutrophils from non-diabetic and diabetic
groups. Non-diabetic treated with: water , APO or coffee and diabetic treated
with: water , APO or coffee. Values are presented as mean + standard error of
three experiments performed in triplicate. W water; APO apocynin; CF coffee.

Despite the reduced generation of ROS in the diabetic and non-diabetic
groups, coffee did not affect the ability of neutrophils to phagocytose or kill in
our model (Fig. 4 and 5). Information related to the effects of coffee on the
body's defense mechanism toward pathogens are scarce. Experimental evidence
indicates that phenolic compounds can regulate cellular processes that lead to
the inflammatory response and can increase defense or not cause any type of
effect (Alia, Horcajo, Bravo, Goya, 2003). This controversy indicates that the
response to the activity of these defenses depends on the etiology of oxidative
stress, the experimental protocol, the antioxidant defense in question and the
type and source of dietary antioxidant. Many of the physiological benefits of

coffee that have been attributed to multiple and important functions related to
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the ability of phenolics to bind to cell receptors and membrane transporters and
influence gene expression, signaling and cell adhesion mechanisms may exert a
direct (eliminating ROS) or indirect (by increasing the activity or expression of
antioxidant enzymes, activating mechanisms of immune defense) effect
(Vicente, Ishimoto, Torres, 2014).

In this study, we used apocynin to test its effect on the microbicidal
ability of neutrophils and compared its effect with the possible antioxidant effect
of coffee. As observed in Figure 3, apocynin was effective in inhibiting the
production of superoxide anion and, consequently, the ROS pool. As noted in
Figure 5, apocynin, at the dose and treatment conditions that were used here, did
not interfere with the phagocytic ability of these cells toward C. albicans.
However, at 60 and 90 minutes, a small decrease in neutrophil microbicidal
capacity of animals treated with apocynin occurred, most likely due to the
decreased ROS produced by these cells. Stolk et al. (1994) reported that
apocynin did not interfere with the PMN defense because it did not affect
phagocytosis or intracellular killing of Staphylococcus aureus (Stolk,
Hiltermann, Dijkman, & Verhoeven, 1994). In this study, we observed an
inhibitory effect of apocynin toward the microbicidal ability of neutrophils only
in the diabetic group (Figure 5). As stated earlier, diabetic animals had lower
MPO activity, which compromises apocynin dimer formation and, hence, its
activity.

It is worth noting that coffee contains many bioactive components,
including chlorogenic acid and caffeine, which are cited as the main compounds
responsible for its antioxidative action. The levels of these components may be
high or low, depending on the species of coffee and the type of treatment
(roasting process, procedure for extraction and other variables), which modifies
the physicochemical properties of the coffee and, consequently, the effects that

were described in other studies.
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4. CONCLUSIONS

Our data show that intake of coffee did not affect the glycemic profile of
non-diabetic or diabetic animals. However, coffee reduced the generation of
ROS in non-diabetic and diabetic animals and did not affect neutrophil
phagocytosis or killing against C. albicans. Treatment with apocynin decreased
the production of superoxide anion by NOX2 in neutrophils from non-diabetic
and diabetic rats, though, this effect was less pronounced in diabetics. In
addition, the apocynin decreased the killing capacity of neutrophils from non-
diabetic animals against C. albicans. This effect was not observed in diabetic
animals, most likely because of decreased expression and activity of MPO,

which is an important enzyme for the action of apocynin.
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APENDICE A - RELATORIO DAS ANALISES ESTATISTICAS

APENCIDES
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ARTIGO 1 - Ingestion of coffee (Coffea Arabica L.) reduces advanced
glycation end product (AGEs) formation and platelet aggregation in

diabetic rats

PRODUTOS FINAIS DE GLICACAO AVANCADOS - AGES (UA/g proteina)

Quadro da analise de

GL
Diabetes 1
Inibidor 2
Diabetes*Inibidor 2
Residuo 78
Total 83

Cv = 13.77 %
Desdobrando Diabetes

Inibidor
Inibidor:Diabetes &agu
Inibidor:Diabetes AMG
Inibidor:Diabetes caf
Residuo

Total

Grupos Tratamentos Mé
a Sim 0.2
b N&o 0.0

varidncia

OO O oo
o
finy
(@]
[e))
~
o O O o

oM
.39559 1289.
.05931 193.
.02034 66.
.00031

varidncia
GL SQ QM
2 0.11862 0.05931
a 1 0.29305 0.29305
1 0.07385 0.07385
¢ 1 0.07634 0.07634
78 0.02393 0.00031
83 0.57881 0.00697

dias
537
5195556

Diabetes dentro do nivel AMG de Inibidor

Teste de Tukey

Fc Pr>Fc
46 0.0000e+00
33 0.0000e+00
29 1.5098e-17

Fc Pr.Fc
193.3326 0
955.22 0
240.7322 0
248.8497 0
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Grupos Tratamentos Médias
a Sim 0.1263857
b N&o 0.02238182

Grupos Tratamentos Médias
a Sim 0.1641
b N&o 0.0513

GL SQ oM Fc Pr.Fc
Diabetes 1 0.39559 0.39559 1289.4645 0
Diabetes:Inibidor ndo 2 0.00629 0.00314 10.2475 1le-04
Diabetes:Inibidor sim 2 0.15301 0.07650 249.3721 0
Residuo 78 0.02393 0.00031
Total 83 0.57881 0.00697

Grupos Tratamentos Médias

a agua 0.05195556
a cafél 0.0513
b AMG 0.02238182

Inibidor dentro do nivel sim de Diabetes

Grupos Tratamentos Médias
a agual 0.2537
b cafés3 0.1641
c AMG2 0.1263857



CREATININA (mg/dL)

Quadro da analise de variéncia

GL SQ oM Fc Pr>Fc
Diabetes 1 0.47086 0.47086 25.4030 0.00000
Inibidor 2 0.02472 0.01236 0.6667 0.51629
Diabetes*Inibidor 2 0.00376 0.00188 0.1015 0.90360
Residuo 78 1.44577 0.01854
Total 83 1.94511

Grupos Tratamentos Médias

a sim 0.6725727
b nao 0.5192727
Inibidor

De acordo com o teste F, as médias desse
estatisticamente iguais.
Niveis Médias
1 agua 0.5892000
2 AMG 0.6209973
3 café 0.6300914

fator
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sdo



UREIA (mg/dL)

Quadro da analise de variéncia

GL SQ oM Fc Pr>Fc
Diabetes 1 106616 106616 1017.99 0.000000
Inibidor 2 385 192 1.84 0.165968
Diabetes*Inibidor 2 1331 665 6.35 0.002779
Residuo 78 8169 105
Total 83 116500

CV = 12.41 %
Desdobrando Diabetes

dentro de

cada nivel de

130

Inibidor

Inibidor:Diabetes agua 1
Inibidor:Diabetes AMG 1
Inibidor:Diabetes café 1

Residuo
Total

78
83

384.
41596.
44075.
22159.

8169.
116500.

SQ oM
9821 192.4911
5811 41596.5811
2999 44075.2999
0793 22159.0793
0352 104.7312
2355 1403.6173

Inibidor
Fc Pr.Fc
1.838 0.166
397.1746 0
420.842 0
211.5805 0

de Inibidor

Grupos Tratamentos Médias
a 2 114.2086

b 1 38.2

Diabetes dentro do nivel AMG

de Inibidor

Grupos Tratamentos Médias
a 2 114.7278
b 1 34.38182

Diabetes dentro do nivel café

de Inibidor

Grupos Tratamentos Médias
a 2 103.0115

b 1 42.24
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Desdobrando Inibidor dentro de cada nivel de Diabetes
Quadro da analise de varidncia
GL SQ oM Fc Pr.Fc
Diabetes 1 106615.5185 106615.5185 1017.9917 0
Diabetes:Inibidor ndo 2 323.5021 161.7510 1.5444 0.2199
Diabetes:Inibidor sim 2 1392.1798 696.0899 6.6464 0.0022
Residuo 78 8169.0352 104.7312
Total 83 116500.2355 1403.6173
Inibidor dentro do nivel ndo de Diabetes

De acordo com o teste F, as médias desse fator sédo
estatisticamente iguais.

Niveis Médias
1 1 38.20000
2 2 34.38182
3 3 42.24000
Inibidor dentro do nivel sim de Diabetes

Grupos Tratamentos Médias
a 2 114.7278
a 1 114.2086
b 3 103.0115



132

HbAlc (%)

Quadro da analise de variéncia

GL SQ oM Fc Pr>Fc
Diabetes 1 2305.28 2305.28 2874.06 0.0000e+00
Inibidor 2 84.03 42.02 52.38 3.8000e-15
Diabetes*Inibidor 2 57.93 28.96 36.11 7.9338e-12
Residuo 78 62.56 0.80
Total 83 2509.81

CV =5.78 %
Desdobrando Diabetes dentro de cada nivel de Inibidor

GL SQ oM Fc Pr.Fc
Inibidor 2 84.03251 42.01626 52.3827 0
Inibidor:Diabetes dgua 1 1092.87360 1092.87360 1362.5133 0
Inibidor:Diabetes AMG 1 486.69120 486.69120 606.7703 0
Inibidor:Diabetes café 1 800.41500 800.41500 997.8977 0
Residuo 78 62.56390 0.80210
Total 83 2509.80617 30.23863

Diabetes dentro do nivel &gua de Inibidor

Grupos Tratamentos Médias
a 2 20.97273
b 1 8.6525

Diabetes dentro do nivel AMG de Inibidor

Grupos Tratamentos Médias
a 2 17.46111
b 1 9.018182

Diabetes dentro do nivel <café de 1Inibidor

Grupos Tratamentos Médias
a 2 20.86
b 1 9.31
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Desdobrando Inibidor dentro de cada nivel de Diabetes
Quadro da analise de varidncia
GL SQ oM Fc Pr.Fc
Diabetes 1 2305.28326 2305.28326 2874.0553 0
Diabetes:Inibidor ndo 2 2.39077 1.19539 1.4903 0.2316
Diabetes:Inibidor sim 2 139.56825 69.78412 87.0016 0
Residuo 78 62.56390 0.80210
Total 83 2509.80617 30.23863
Inibidor dentro do nivel ndo de Diabetes
De acordo com o teste F, as médias desse fator sédo
estatisticamente iguais.
Niveis Médias
1 1 8.652500
2 2 9.018182
3 3 9.310000
Inibidor dentro do nivel sim de Diabetes

Grupos Tratamentos Médias

a 1 20.97273
a 3 20.86
b 2 17.46111
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AGREGACAO PLAQUETARIA (%)

Quadro da analise de variéncia

GL SQ oM Fc Pr>Fc
Diabetes 1 5616.3 5616.3 884.40 0.0000e+00
Inibidor 2 6279.3 3139.6 494.40 0.0000e+00
Diabetes*Inibidor 2 1284.9 642.4 101.16 2.1507e-22
Residuo 78 495.3 6.4
Total 83 13675.7

Desdobrando Diabetes dentro de cada nivel de Inibidor

GL SQ oM Fc Pr.Fc
Inibidor 2 6279.2743 3139.63714 494.4025 0
Inibidor:Diabetes adgua 1 2599.2000 2599.20000 409.2992 0
Inibidor:Diabetes AMG 1 4353.0129 4353.01293 685.4743 0
Inibidor:Diabetes café 1 182.4441 182.44408 28.7297 0
Residuo 78 495.3286 6.35037
Total 83 13675.7258 164.76778

Diabetes dentro do nivel &gua de Inibidor

Grupos Tratamentos Médias
a 2 85.8
b 1 66.8

Diabetes dentro do nivel AMI de 1Inibidor

Grupos Tratamentos Médias
a 2 68.25
b 1 43

Diabetes dentro do nivel café de Inibidor

Grupos Tratamentos Médias
a 2 75.71429
b 1 70.2
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Desdobrando Inibidor dentro de cada nivel de Diabetes

GL SQ oM Fc Pr.Fc
Diabetes 1 5616.2548 5616.25475 884.3986 0
Diabetes:Inibidor ndo 2 4773.9297 2386.96485 375.8783 0
Diabetes:Inibidor sim 2 2790.2128 1395.10640 219.6891 0
Residuo 78 495.3286 6.35037
Total 83 13675.7258 164.76778

Inibidor dentro do nivel ndo de Diabetes

Grupos Tratamentos Médias

a 3 70.2
b 1 66.8
c 2 43

Inibidor dentro do nivel sim de Diabetes

Grupos Tratamentos Médias
a 1 85.8
b 3 75.71429

c 2 68.25



LEUCOCITOS (mm®)

Quadro da analise de

GL
Diabetes 1
Inibidor 2
Diabetes*Inibidor 2
Residuo 78
Total 83

variancia

SQ
1988828
1333485

107786
4683314
8113413

oM

Fc

1988828 33.124
666742 11.105

53893
60042

0.898

Pr>Fc
0.00000
0.00006
0.41172

136

CVv =4.4 %

Interacao nao significativa:

analisando os efeitos simples

Diabetes
Teste de Tukey

Grupos Tratamentos Médias

a nao 5761.732
b sim 5446.669
Inibidor

Teste de Tukey

Grupos Tratamentos Médias
a AMG 5673.695
a dgua 5627.552
b café 5382.143
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HEMACIAS (x10%? L)

Quadro da analise de variédncia

GL SQ oM Fc Pr>Fc
Diabetes 1 0.0048 0.004824 0.02060 0.88623
Inibidor 2 0.4219 0.210930 0.90084 0.41041
Diabetes*Inibidor 2 0.1625 0.081230 0.34692 0.70795
Residuo 78 18.2636 0.234149
Total 83 18.8527

CV = 5.53 %
Interacao nao significativa: analisando os efeitos simples
Diabetes
De acordo com o teste F, as médias desse fator sao estatisticamente
iguais.
Niveis Médias
1 ndo 8.762045

2 sim 8.746528

Inibidor

De acordo com o teste F, as médias desse fator sao estatisticamente
iguais.

Niveis Médias
1 dgua 8.813333
2 AMG 8.655532
3 café 8.792400
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HEMOGLOBINA (g/dL)

Quadro da analise de variancia

GL SQ oM Fc Pr>Fc
Diabetes 1 0.031 0.0309 0.0424 0.83739
Inibidor 2 1.705 0.8526 1.1719 0.31519
Diabetes*Inibidor 2 7.289 3.6444 5.0091 0.00898
Residuo 78 56.749 0.7276
Total 83 65.774

CV = 4.96 %
Desdobrando Diabetes dentro de cada nivel de Inibidor

GL SQ oM Fc Pr.Fc
Inibidor 2 1 0.85259 1.1719 0
Inibidor:Diabetes dgua 1 1 1.96356 2.6988 0
Inibidor:Diabetes AMG 1 0.16580 0.16580 0.2279 0.6344
Inibidor:Diabetes café 1 5.18795 5.18795 7.1307 O
Residuo 78 56.74927 0.72755
Total 83 65.77412 0.79246

Diabetes dentro do nivel &gua de Inibidor

De acordo com o teste F, as médias desse fator sao
estatisticamente iguais.

Niveis Médias
1 1 16.74444
2 2 17.26667

Diabetes dentro do nivel AMG de Inibidor

De acordo com o teste F, as médias desse fator sao
estatisticamente iguais.

Niveis Médias
1 1 17.03750
2 2 17.19333

Diabetes dentro do nivel <café de 1Inibidor

Grupos Tratamentos Médias
a 1 17.95714
b 2 17.02727



Desdobrando Inibidor dentro de cada nivel de Diabetes
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GL SQ oM Fc Pr.Fc
0.03085 0.0424 0.8374
4.25522 5.8487 0.0043

.48356 0.24178 0.3323 0.7183
0
0

Diabetes 1 0
Diabetes:Inibidor ndo 2 8.51044
Diabetes:Inibidor sim 2 0
Residuo 78 56.74927
Total 83 65.77412

.72755
.79246

Inibidor dentro do nivel ndo de Diabetes

Grupos Tratamentos Médias

a 3 17.95714
b 2 17.0375
b 1 16.74444

Inibidor dentro do nivel sim de Diabetes

De acordo com o teste F, as médias desse
estatisticamente iguais.

Niveis Médias
1 1 17.26667
2 2 17.19333

3 3 17.02727

fator

sSao



HEMATOCRITO (%)

Quadro da analise de variancia
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GL SQ oM Fc Pr>Fc
Diabetes 1 38.36 38.363 6.2396 0.01460
Inibidor 2 2.11 1.055 0.1717 0.84259
Diabetes*Inibidor 2 22.81 11.404 1.8548 0.16331
Residuo 78 479.57 6.148
Total 83 542.85

Cv = 5.21 %

Interacao nao significativa: analisando os efeitos simples

Diabetes
Teste de Tukey

Grupos Tratamentos Médias

a sim 48.15419
b nao 46.77045
Inibidor

De acordo com o teste F, as médias
estatisticamente iguais.
Niveis Médias
1 dgua 47.63667
2 AMG 47.42845
3 café 47.79055

desse

fator

sSao
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ARTIGO 2 - Coffee reduces NOX2 activity and ROS release by peritoneal

neutrophils from rats

FAGOCITOSE (%)

TABELA DE ANALISE DE VARIANCIA

1Y% GL SQ oM Fc Pr>Fc
DIABETES 1 20524.975559 20524.975559 190.562 0.0000
INIBIDOR 2 318.940982 159.470491 1.481 0.2589
DIABETES*INIBIDOR 2 -4.890666600E+0001 -2.44533330E+0001 -0.227 1.0000
erro 1 15 1615.610360 107.707357

TEMPO 3 9183.065866 3061.021955 175.600 0.0000
erro 2 125 2178.971124 17.431769

Total corrigido 148 33772.657224

Cv 1 (%) 21.72

CvV 2 (%) = 8.74

Média geral: 47.7777181 Nimero de observacgdes: 149

Tratamentos Médias Resultados do teste
Diab. sim 36.119467 al
Diab. né&o 59.593514 a2

Tratamentos (D x ND) Médias Resultados do teste
APO 45.701224 al
café 48.587755 al
agua 48.994510 al

Tratamentos Médias Resultados do teste
30 36.228293 al

60 47.195556 a2

90 52.584444 a3

120 56.706667 a4

t para
Parédmetro Estimativa SE HO: Par=0 Pr>|t|
b0 22.916436 1.90742280 12.014 0.0000
bl 0.507957 0.05800357 8.757 0.0000
b2 -0.001901 0.00038065 -4.995 0.0000
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KILLING (%)

TABELA DE ANALISE DE VARIANCIA

FvV GL SQ oM Fc Pr>Fc
DIABETES 1 7775.184414 7775.184414 80.520 0.0000
INIBIDOR 2 1186.249243 593.124621 6.142 0.0113
DIABETES*INIBIDOR 2 16.480143 8.240071 0.085 0.9186
erro 1 15 1448.436242 96.562416

TEMPO 3 10457.492459 3485.830820 202.026 0.0000
erro 2 125 2156.794788 17.254358

Total corrigido 148 23040.637289

cv 1l (%) = 22.06

CV 2 (%) 9.33

Média geral: 44.5432886 Nimero de observacgdes: 149

Tratamentos Médias Resultados do teste
Diab. sim 37.367867 al
Diab. né&o 51.815676 a2

Tratamentos Médias Resultados do teste
APO 40.538571 al

café 46.106122 a2

agua 46.889412 a2

Tratamentos Médias Resultados do teste
30 33.241951 al

60 42.583333 a2

90 48.008611 a3

120 55.908889 a4

t para
Parédmetro Estimativa SE HO: Par=0 Pr>|t]|
b0 26.579173 0.83487301 31.836 0.0000
bl 0.244754 0.01016175 24.086 0.0000
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ENSAIO DO CITOCROMO C (&nion superéxido uM/min)

Quadro da analise de variancia

GL SQ oM Fc Pr>Fc
Diabetes (DxND) 1 6.7000e-14 6.7300e-14 0.467 0.49639
Inibidor 2 3.1310e-11 1.5655e-11 108.685 0.00000
Diabetes*Inibidor 2 5.5200e-12 2.7600e-12 19.161 0.00000
Residuo 73 1.0515e-11 1.4400e-13
Total 78 4.7412e-11

Desdobrando Diabetes dentro de cada nivel de Inibidor

GL SQ OM Fc Pr.Fc
Inibidor 2 0 0 108.6846 0
Inibidor:Diabetes 4gua 1 0 O 3.5694 0.0628
Inibidor:Diabetes APO 1 0 0 20.8604 0
Inibidor:Diabetes café 1 0 0 14.3786 3e-04
Residuo 73 0 0
Total 78 0 O

De acordo com o teste F, as medias desse fator séo
estatisticamente iguais.

Niveis Médias
1 (ND) 1 4.576667e-06
2 (D) 2 4.309444e-06

Diabetes dentro do nivel APO de Inibidor

Grupos Tratamentos Médias
a (D) 2 3.186667e-06
b (ND) 1 2.479e-06
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Diabetes dentro do nivel café de Inibidor

Grupos Tratamentos Médias
a (ND) 1 3.998e-06
b (D) 2 3.402143e-06

Desdobrando Inibidor dentro de cada nivel de Diabetes

GL SQ OM Fc Pr.Fc
Diabetes 1 0 0 0.4673 0.4964
Diabetes:Inibidor ndo D 2 0 0 86.6663 0
Diabetes:Inibidor sim D 2 0 0 41.1797 0
Residuo 73 0 0
Total 78 0 O

Inibidor dentro do nivel ©NAO de Diabetes

Grupos Tratamentos Médias

a 1 (4gua) 4.576667e-06
b 3 (café) 3.998e-06
c 2 (APO) 2.479e-06

Inibidor dentro do nivel SIM de Diabetes

Teste de Tukey

Grupos Tratamentos Médias

a 1 (agua) 4.309444e-06

b 3 (café) 3.402143e-06

b 2 (APO) 3.186667e-06



QUIMILUMINESCENCIA (Area integrada)

Quadro da analise de variancia
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GL SQ oM Fc Pr>Fc
Diabetes (DxND) 1 1.0037e+17 1.0037e+17 55.631 1.0000e-10
Inibidor 2 4.9827e+17 2.4913e+17 138.080 0.0000e+00
Diabetes*Inibidor 2 4.7332e+16 2.3666e+l16 13.117 1.3591e-05
Residuo 73 1.3171e+17 1.8043e+15
Total 78 7.7768e+17

Desdobrando Diabetes dentro de cada nivel de Inibidor

GL SQ oM
Inibidor 2 .982677e+17 .491338e+17 138.
Inibidor:Diabetes adgua 1 1.310291e+17
.458031e+15
.317118e+17
.776848e+17

Inibidor:Diabetes café 1
.804272e+15
.970318e+15

Residuo 73
Total 78

Diabetes dentro do nivel AGUA de Inibidor

Grupos Tratamentos Médias
a 2 (D) 362477818
b 1 (ND) 227576033

Diabetes dentro do nivel APO de Inibidor
De acordo com o teste F, as medias desse fator sé&o

iguais.

Niveis Médias
1 1 (ND) 125079369
2 2 (D) 150573018

Diabetes dentro do nivel café de Inibidor

Grupos Tratamentos Médias
a 2 165522314
b 1 125255991

08 0

4 2

1 1.310291e+17 72.6216 0
Inibidor:Diabetes apo 1 3.899557e+15 3.899557e+15 2.1613 0.1458

9 9.458031e+15 5.242 0.0249

1 1

7 9

estatisticamente
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Desdobrando Inibidor dentro de cada nivel de Diabetes

GL SQ oM Fc Pr.Fc
Diabetes 1 1.003728e+17 1.003728e+17 55.6307 0
Diabetes:Inibidor ndo (D) 2 7.865619e+16 3.932809%e+l6 21.7972 0
Diabetes:Inibidor sim (D) 2 4.669440e+17 2.334720e+17 129.3996 0
Residuo 73 1.317118e+17 1.804272e+15
Total 78 7.776848e+17 9.970318e+15

Inibidor dentro do nivel NAO de Diabetes

Grupos Tratamentos Médias

a 1 (&gua) 227576033
b 3  (café) 125255991
b 2 (APO) 125079369

Inibidor dentro do nivel SIM de Diabetes

Grupos Tratamentos Médias

a 1 (&gua) 362477818
b 3 (café) 165522314
b 2 (APO) 150573018



HbAl1C (%)

Quadro da analise de variancia
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GL SQ oM Fc
Diabetes (DxND) 1 2823.09 2823.09 2661.66
Inibidor 2 1.71 0.86 0.81
Diabetes*Inibidor 2 0.93 0.47 0.44
Residuo 73 77.43 1.06
Total 78 2903.16

Interacdo ndo significativa:

analisando os efeitos simples

Diabetes
Teste de Tukey

Grupos Tratamentos Médias
(D) 20.9617
(ND) 8.784375

a sim

b néo

Inibidor

De acordo com o teste F, as medias desse
iguais.
Médias
16.10000
16.26800

15.69167

Niveis
1 agua
2 APO
3 café

fator

sdo

estatisticamente
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LEUCOCITOS (mm®)

Quadro da analise de variancia

GL SQ oM Fc Pr>Fc
Diabetes (DxND) 1 1346977 1346977 18.6266 0.00005
Inibidor 2 1008100 504050 6.9702 0.00170
Diabetes*Inibidor 2 48152 24076 0.3329 0.71790
Residuo 73 5278972 72315
Total 78 7682201

CV = 4.86 %

Interacdo ndo significativa: analisando os efeitos simples
Diabetes

Teste de Tukey

Grupos Tratamentos Médias

a nao (D) 5696.844
b sim (D) 5430.851
Inibidor

Teste de Tukey

Grupos Tratamentos Médias

a agua 5657

ab APO 5542.4

b café 5386.625



HEMACIAS (x10%? L)

Quadro da analise de variancia
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GL SQ
Diabetes 1 0.3286
Inibidor 2 1.2639
Diabetes*Inibidor 2 0.6441
Residuo 73 14.9767
Total 78 17.2133

oM Fc Pr>Fc
0.32862 1.6018 0.209674
0.63194 3.0802 0.051968
0.32207 1.5698 0.215019
0.20516

Interacdo ndo significativa:

analisando os efeitos simples

Diabetes
De acordo com o teste F, as médias desse fator sdo estatisticamente
iguais.
Niveis Médias
1 ndo (D) 8.645000
2 sim(D)8.776383
Inibidor
De acordo com o teste F, as medias desse fator sdo estatisticamente

iguais.

Niveis Médias
1 adgua 8.813333
2 APO 8.538000
3 café 8.803333



Hemoglobina (g/dL)

Quadro da analise de variancia
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.1082 7.1753
.8244 1.1581 0.31979
.4991 9.1290 0.00029

GL SQ oM
Diabetes (DxND) 1 5.108 5
Inibidor 2 1.649 0
Diabetes*Inibidor 2 12.998 6
Residuo 73 51.970 0.7119
Total 78 71.725
CV = 4.9 %

Desdobrando Diabetes dentro de cada

GL SQ
Inibidor 2 1.64889
Inibidor:Diabetes d4gua 1 1.97192

Inibidor:Diabetes apo 1 11.01073 11.

Inibidor:Diabetes café 1 5.04680
Residuo 73 51.96964
Total 78 71.72486

Fc Pr.Fc

.1581 0.3198
2.7699 0.1003
.4664 2e-04
7.0891 0.0095

Diabetes dentro do nivel 4&agua de

Inibidor

De acordo com o teste F, as medias desse

iguais.

Niveis Médias
1 1 (ND) 16.74333
2 2 (D) 17.26667

fator sao

estatisticamente

Diabetes dentro do nivel APO de

Inibidor

Grupos Tratamentos Médias
a 1 (ND) 18.06
b 2 (D) 16.70533

Diabetes dentro do nivel café de

Inibidor

Teste de Tukey

Grupos Tratamentos Médias
a 1 (ND) 17.958
b 2 (D) 17.02786



Desdobrando Inibidor dentro de cada nivel de Diabetes
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GL SQ oM Fc Pr.Fc

Diabetes 1 5.10819
Diabetes:Inibidor ndo 2 12.06636

Residuo 73 51.96964 0.71191

.10819 7.1753 0.0091
.03318 8.4746 5e-04

5
6
Diabetes:Inibidor sim 2 2.58068 1.29034 1.8125 0.1705
0
0

Total 78 71.72486 0.91955

Grupos Tratamentos Médias

a 2 (APO) 18.06
a 3 (café)17.958
b 1 (&dgua)1l6.74333

Inibidor dentro do nivel SIM de Diabetes
De acordo com o teste F, as medias desse fator

iguais.

Niveis Médias
1 1 17.26667
2 2 16.70533

3 17.02786

sdo

estatisticamente



Hematdcrito (%)

Quadro da analise de variancia
GL SQ oM Fc Pr>Fc

Diabetes 1 78.81 78.813 13.1016 0.00054
Inibidor 2 3.56 1.779 0.2957 0.74493
Diabetes*Inibidor 2 32.50 16.250 2.7013 0.07383
Residuo 73 439.13 6.015
Total 78 554.00
Cv = 5.15 %
Diabetes
Teste de Tukey
Grupos Tratamentos Médias
a sim 48.41277

b nao 46.37812
Inibidor
De acordo com o teste F, as medias desse fator séo
iguais.

Niveis Médias
1 adgua 47.63333
2 APO 47.31600
3 café 47.81667

154

estatisticamente
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APENDICE B — ARTIGO PUBLICADO

Plant Foods Human Nutrition, v. 68, p.268-273, September 2013.

The Effects of the Decaffeination of Coffee Samples on Platelet Aggregation
in Hyperlipidemic Rats
ABSTRACT

The effect of coffee on cardiovascular diseases is still controversial. It is
known that the process of decaffeination may influence the chemical
constitution and, therefore, the biological effects of coffee. This study thus
evaluated the effects of decaffeination on the levels of total phenols and
chlorogenic acids in Coffea arabica L. samples, as well as the effects of
ingesting both integral and decaffeinated coffee on the lipid profile and
hemostatic and hematological parameters in normal and hyperlipidemic rats.
Samples of integral and decaffeinated lyophilized coffee (Coffea arabica L.,
planted in Brazil) were used for chemical analysis (total phenols, chlorogenic
acid and caffeine contents). For the bioassays, coffee beverages were prepared
with non-lyophilized samples (10 % wi/v) and were filtered and administered to
animals by gavage (7.2 mL/kg/day) over 30 days. On the 31st day after
beginning the treatment with coffee beverages, hyperlipidemia was induced to
the animals by administering Triton WR-1339 (300 mg/kg body weight). On day
32, blood was taken to determine the lipid profile, platelet aggregation,
prothrombin time, partially activated thromboplastin time and hemogram. The
contents of both phenolic compounds and chlorogenic acid in the integral coffee
beverage were significantly lower than those in the decaffeinated coffee
beverage. The animals treated with Triton WR-1339 presented a mixed

hyperlipidemia. Although the decaffeination process caused a relative increase
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in total phenols and chlorogenic acids, the coffee drinks were unable to change
the lipid profile or the hemostatic and hematological parameters in the studied

animals.

Keywords: Decaffeination . Coffee . Platelets . Aggregation . Hyperlipidemia.
1. INTRODUCTION

Coffee is widely consumed by all social classes as an international
dietary habit. Among the various bioactive substances present in the beverage,
caffeine and polyphenols stand out [1]. Studies have shown that the
consumption of products with a high level of phenols may help reduce the risk
of developing coronary artery disease (CAD), which has been identified as the
leading cause of morbidity and mortality in industrialized societies [2].

In different populations, there are well-established correlations between
atherosclerosis, the major risk factor forCAD [3], and both serum lipids and
cholesterol retention in the arterial intima. The activation of inflammatory cells
and platelets, as well as the interactions between vascular elements and
lipoproteins, play an important role in the atherosclerosis process, establishing
links among inflammation, thrombosis, and atherogenesis [4].

Though coffee is an important source of chlorogenic acids (CGA) in the
human diet, its effects on cardiovascular function are not yet fully understood.
Some authors have reported that moderate coffee consumption could reduce
CAD risk, which is mainly justified due to the high content of phenolic
compounds found in coffee drinks [5]. However, other studies have shown that
the caffeine and chlorogenic acids present in coffee beverages can contribute to
high blood pressure and high plasma levels of homocysteine, which are
considered to be risk factors for cardiovascular diseases [2]. Thus, although
there is no evidence showing that moderate coffee consumption (3-5 cups daily)

1s harmful to an individual’s health. It has been recommended that some
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population subgroups that are more sensitive to the effects of caffeine should
avoid consuming such caffeinated drinks [2]. Nevertheless, it is known that
caffeine extraction using dichloromethane can result in the loss of other
components, including chlorogenic acids, which could affect the biological
activity of a beverage [6]. Although dichloromethane offers accumulative
toxicity risk, the residual content of this compound does not have any risk to the
decaffeinated coffee consumers’ health [7]. Thus, caffeine extraction using
dichloromethane has been one of the most frequently used methods for coffee
decaffeination in Brazil [6]. Therefore, this study aims to determine the effects
of coffee decaffeination on the lipid profile and the hemostatic and

hematological parameters in hyperlipidemic rats.
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2. MATERIAL AND METHODS

2.1. Preparation and Characterization of Integral and Decaffeinated Coffee
Samples

Samples of coffee (Coffea arabica L., planted in Brazil) were provided
by Cocam Industry (Catanduva-SP, Brazil). To obtain the decaffeinated coffee, a
portion of the coffee samples was submitted to a complete decaffeination
process using dichloromethane, according to U.S. Food and Drug
Administration’s recommendation (residual dichloromethane content less than
10 ppm in decaffeinated coffee). Samples (500 g) of integral and decaffeinated
coffee were then roasted (roaster model Probatino - Leogap, Brazil) to an
average degree of roasting. The roasted beans were finely ground (20 mesh) in
an electric mill (Pinhalense, ML-1, Brazil), packaged in polyethylene and
aluminum sacs, sealed and stored at —20 °C until use. The color of the samples
was determined visually and using a colorimeter (Chomameter- 2 Reflectance,
Minolta, Osaka, Japan) coupled to a data processor (OP-300) and expressed in
scale parameters developed by the Commission Internationale d’Eclairage L *,
a *, b * color space coordinates. Both decaffeinated and integral coffee were
roasted to the same degree. Coffee beverages were prepared at a 10 % (w/v)
concentration. The coffee powder was put on a paper filter funnel (Whatman no.
3, General Electric Company), and water at 90 °C was poured over the powder
[8]. These beverage samples were lyophilized to perform the chemical analyses.
For the bioassays, the drinks were always prepared at the time of administration

to the animals.
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2.2. Determination of Bioactive Compounds in the Beverages

The total phenolic content was determined with the Folin-Ciocalteu
method, using tannic acid as the standard [9]. To determine the caffeine and
CGA contents, hot water extraction procedures were used according to Lima et
al. [9] with a dilution of 0.5 g/100 mL in distilled water and analyzed using
high-performance liquid chromatography (Chromatograph ShimadzuM10AVP,
Japan,with a reversed-phase Shimadzu C-18 column, 100 mm lengthx
0.3mmID, Japan). The analysis conditions used were 1ml/min flow rate,
inmobile phase, with methanol, water and acetic acid (20:80:1, v/v/v) at room
temperature. The peak responses were measured at 272 nm, and the
quantification of the compounds was obtained by comparing the area of the
component peak in the sample with the area of the peak corresponding to the

external standard of caffeine and caffeoylquinic acid (Sigma, USA).

2.3. Administration of Coffee Beverages and Induction of Hyperlipidemia

Twelve-week-old male Wistar rats from the animal house of the Federal
University of Alfenas, weighing 320+20 g, were maintained at a temperature of
23 °C, with a light—dark period of 12 h, and received commercial feed and water
ad libitum during the entire experimental period. The procedures were
performed according to the ethical principles for experiments with animals
adopted by the Brazilian College of Animal Experiments and approved by the
Ethics Committee of Animal Research of the Federal University of Lavras,
protocol n° 046/2009. Filtered coffee beverages were administered to animals by
gavage for a period of 30 days at a dose of 7.2 mL/kg/day, which is equivalent to
the daily human consumption of eight 50-mL cups of coffee. The control group

received the same dosage of water. On the 31st day after the start of treatment
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with coffee beverages, hyperlipidemia was intraperitoneally induced,
administering Triton WR-1339 (Tyloxapol, Sigma Aldrich) dissolved in
0.9%NaCl to fasting animals at a dosage of 300 mg/kg body weight [10].
Control animals received 0.9 % (p/v) NaCl intraperitoneally.

2.4. Experimental Design

After 1 week of acclimatization, 30 animals were divided into the
following six groups (n=5): animals treated with distilled water and 0.9 % saline
(C); animals treated with Triton WR-1339 (H); animals treated with integral
coffee and 0.9 % NaCl (CI); animals treated with decaffeinated Arabica coffee
and 0.9 % NaCl (DC); animals treated with whole Arabica coffee and Triton
WR-1339 (HI); and animals treated with decaffeinated Arabica coffee and
Triton WR-1339 (HD). On day 32, the animals, which had been fasted for 12 h,
were intramuscularly anesthetized with ketamine (70 mg/kg) and xylazine (6
mg/kg). Blood was taken by puncturing the abdominal aorta and distributed into
siliconized tubes without additives, tubes containing ethylene diaminetetraacetic
acid and tubes containing sodium citrate. Animals were then euthanized by

cervical dislocation.

2.5. Hemostatic Parameters

Platelet aggregation was assessed in aliquots of plasma that was rich in
platelets, according to Baldissera-Jr.’s method [11], using 1 pM adenosine
diphosphate as an agonist in a dual channel aggregometer (Qualiterm)

standardized at 37 °C. Blood clotting was measured in the plasma obtained with
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sodium citrate by determining the prothrombin time (PT) and the activated
partial thromboplastin time (APTT), according to Quick’s and Thomson’s
methods, respectively [12].

2.6. Lipid Profile and Hematologic Parameters

The serum lipid profile was assessed through the determination of total
cholesterol, HDL cholesterol and triglycerides using enzymatic methods [13].
Hematological blood samples, collected in tubes containing -ethylene
diaminetetraacetic acid, were processed in an Analyzer Counter 19 (Wiener
Laboratories, Argentina, Rosario, 2007-2009) to determine 19 hematological

parameters.

2.7. Statistical Analysis

The results are expressed as the mean * standard deviation; they were
also submitted to one-way analysis of variance and compared using the Scott-
Knott test at 5 % significance. Analyses were performed using the statistical

program SISVAR (system for analysis of variance).



162

3. RESULTS AND DISCUSSION

According to Table 1, the caffeine content in the integral coffee
beverage is close to the values reported in other studies that used Brazilian
coffee. Moreover, the observed values for the decaffeinated coffee drink are
consistent with those recommended by Brazilian legislation [14].

The content of total phenolic compounds in the integral coffee beverage
was significantly lower than the value obtained for the decaffeinated coffee
drink. Likewise, the total content of CGAwas also significantly lower in samples
of the integral coffee beverage than in samples of the decaffeinated coffee
beverage (Table 1).

The effects of the decaffeination process on phenolic compounds,
particularly on CGA in coffee, are controversial in the scientific literature [6, 9].
Part of this controversy can be attributed to several factors, including the variety,
the processing, and roasting of the analyzed coffee samples. In this study, the
drinks were prepared with the same variety and cultivar of coffee. Furthermore,
it is known that the decaffeination process can lead to a loss of mass in the
coffee [6], which could contribute to the relative increases in the levels of total
phenolic compounds and CGA found in the decaffeinated coffee beverage
compared to the integral one.

The treatment of animals with Triton WR-1339 induced a mixed
hyperlipidemia in those animals of groups H, HI and HD, but the intake of
coffee drinks did not modify the serum lipid profiles (Table 2).

Several studies have been conducted to evaluate the effects of drinking
coffee on the lipid profile, both in animals and in human beings, but the results
remain controversial [15-17]. These differences may be attributed, at least in
part, to variations in the methods of the preparation of coffee beverages as well

as to the variations of the experimental models [18, 19].
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In the present study, the coffee drinks were prepared and filtered
according to the traditions of the Brazilian population. It is known that when
coffee beverages are filtered with this method, the lipid fraction that remains on
the surface of the aqueous beverage is completely retained on the filter, which
could explain the differences between our results and those observed in other
studies [18].

Table 1. Levels of caffeine, total phenols and total chlorogenic acids detected in

the integral and decaffeinated coffee beverages

Coffee drink Bioactive compounds
Caffeine Total phenols Total CGA
(mg/mL) (mg gallic acid (mg/mL)
eg/mL)
Integral coffee 0,76+0,01% 6,55+0,040" 0,582+0,0074
Decaffeinated 0,05+0,01° 6,89+0,020° 0,748+0,005°
coffee

The results represent the mean + standard deviation (n=5). Different capital letters within each
column indicate significance levels: P<0.05. CGA chlorogenic acids.

However, hyperlipidemia was induced in animals by the administration
of Triton WR-1339, which is a nonionic detergent capable of inhibiting
lipoprotein lipase and producing acute hyperlipidemia [19]. This animal model
is often used for several objectives, particularly for screening natural or chemical
hypolipidemic compounds [20]. Our results thus suggest that the intake of coffee
beverages, either decaffeinated or integral, may not be effective in improving the
lipid profile when associated with the reduced catabolism of triglyceride-rich

lipoproteins.
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Table 2. Lipid profile determined in the serum of animals

Lipid profile Groups

C Cl DC H HI HD
CT (mg/dl) 66.6+9.9% 68.8+12.2"°  75.98+6.0" 171.8+12.0°  162.1+10.0° 154.3+15.1°
HDL-C 25.1+4.0% 26.0+5.0* 29.0+2.6% 54.3+14.4%  74.1+18.0° 65.0+15.6°
(mg/dl)
TG (mg/dl)  62.0#15.7*  60.3+16.7*  69.8+17.8" 1.946.5+ 1.339.5+ 1.547.5+

412.6° 391.9° 212.3f

The results represent the mean + standard deviation of 5 determinations per treatment. Different
capital letters in the same row indicate significance at P<0.05

C controls, Cl animals treated with integral coffee, DC animals treated with decaffeinated coffee,
H animals treated with TritonWR 1339, HI animals treated with Triton WR 1339 and integral
coffee, HD animals treated with Triton WR 1339 and decaffeinated coffee, TC total cholesterol,
HDL-C HDL cholesterol, TG triglycerides

Platelet aggregation increased significantly in animals with
hyperlipidemia (Table 3), suggesting that the increase in the concentration of
cholesterol-rich lipoproteins may contribute to an increase in the sensitivity of
platelets to the agonist adenosine diphosphate [4].

Data from literature have shown that certain phenolic compounds
present in food and beverages may reduce platelet aggregation regardless of
their effects on the lipid profile [21, 22]. Polagruto et al. [21] demonstrated a
decrease in the platelet reactivity of male smokers after the acute consumption of
a grape-seed extract that is rich in flavanol. Natella et al. [22] observed that
drinking coffee decreased platelet aggregation and induced a significant increase
in the phenolic acid concentration in human platelets. However, our results
showed that treating animals with integral and decaffeinated coffee drinks did
not induce significant changes in the platelet aggregation of the studied rats
regardless of treatment group (Table 3). This disparity could be attributed to the
differences in the contents, profiles and bioavailability of the polyphenols

present in the analyzed foods, beverages or extracts [23].
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Table 3. Hemostatic and hematological parameters of the rats in different
treatment groups

Parameter Groups

C Cl DC H HI HD
Hem (X10'%/L)  8.03+0.09 7.99+0.29 8.14+0.20 8.02+0.14 8.19+0.46 8.10+£0.21
Hb (g/dL) 15.18+0.31 13.84+1.57 14.72+0.46 14.62+0.37 14.68+0.76 14.62+0.55
Ht (%) 45.70+3.5 44.50+1.28 46.20£1.27 47.20+3.76 45.44+1.45 44.02+1.62
MCV (fL) 58.08+4.38 56.32+0.50 55.16+1.40 55.54+0.67 53.62+0.87 54.24+1.56
MCH (pg) 18.66+0.47 16.94+3.33 17.98+0.69 18.3440.43 17.7240.41 18.04+0.55
MCHC (%) 31.34+3.58 30.80+3.28 32.60+0.38 32.34+0.86 33.30+£0.18 32.46%1.94
Leuk (X10%/L) 4.74+1.08 5.98+1.30 6.26+0.79 8.80+2.88 7.12+1.13 9.94+2.69
Plat (X10%L)  749.20+100.81 888.40+120.32  986.60+59.68  872.20+134.95 1016.80+109.60  973.80+324.52
PA (%) 61.57+7.11 62.3+10.33 61.6+16.5 86.6+3.64 77.6+10.33 71.85+11.52
APTT (min) 29.58+0.97 34.20+3.45 30.70+2.3 34.48+0.92 29.98+3.6 33.42+4.41
PT (min) 7.28+0.27 7.76+0.66 7.14+0.53 7.08+0.20 6.92+0.19 7.06+1.11

The results represent the mean + standard deviation for five determinations per treatment

C controls, Cl animals treated with whole coffee, DC animals treated with decaffeinated coffee, H
animals treated with Triton WR 1339, HI animals treated with Triton WR 1339 and whole coffee,
HD animals treated with Triton WR 1339 and decaffeinated coffee, Hem red blood cells, Hb
hemoglobin, Ht hematocrit, MCV mean corpuscular volume, MCH mean cell hemoglobin, MCHC
mean cell hemoglobin concentration, Leuk leukocytes, Plat platelets, APTT activated partial
thromboplastin time, PT prothrombin time, PA platelet aggregation

Although the role of platelets in blood hemostasis is undoubted, it is
known that platelet aggregation is only one of the parameters used to evaluate
primary hemostasis [24]. PT and APTT were determined to evaluate the effects
of coffee intake on secondary hemostasis in hyperlipidemic rats. It was observed
that neither hyperlipidemia nor treating animals with different coffee beverages
was able to change the activity of either extrinsic (factor VII) or intrinsic factors
(factors VIII, IX, XI, and XII) of coagulation (Table 3).

It is known that phenolic compounds can bind to Fe (Il), thus forming
complexes that can interfere with iron absorption in the gastrointestinal tract,
which could lead to iron deficiency anemia [25, 26]. However, the ingestion of
integral and decaffeinated coffee drinks did not affect the hematological
parameters of the rats of the different groups (Table 3), suggesting that coffee
consumption is not capable of inducing changes in the hemoglobin levels of rats

with a balanced diet.
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A limitation of this study could be the fact that the obtained results
cannot necessarily be extrapolated to other experimental models, e.g., humans.
Our research group will therefore perform further studies. Conversely, we
emphasize some of the strengths of this study. The coffee drinks were prepared
with the same variety and cultivar of coffee according to the tradition of the
Brazilian population. Although there are some reports on the effects of coffee
drinking on hemostatic and hematological parameters [16, 22], information
related to the effects of the decaffeination of coffee on these parameters is scarce
in the scientific literature. Moreover, many of these studies were performed in
vitro and were simplified to be extrapolated to the body. Thus, the results of this
study are relevant to the safety of coffee consumption. Such safety is important
because coffee is a beverage that is widely consumed by different populations
around the world and because approximately 10 % of coffee drinkers consume
decaffeinated coffee [27].
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4. CONCLUSIONS

The decaffeination process brought about chemical changes in the
filtered coffee beverage, leading to a relative increase in total phenols and
chlorogenic acids. Regardless of the decaffeination process and the contents of
the analyzed bioactive compounds, the intake of coffee drinks did not affect the
lipid profile, the platelet aggregation or the PTand APTT in normal
and hyperlipidemic rats.
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5. ABBREVIATIONS

CAD: Coronary artery disease; CGA: Chlorogenic acids; C: Control
animals; Cl. Animals treated with integral coffee; DC: Animals treated with
decaffeinated coffee; H: Animals treated with Triton WR 1339; HI: Animals
treated with Triton WR 1339 and integral coffee; HD: Animals treated with
Triton WR 1339 and decaffeinated coffee; PT: Prothrombin time; APTT:
Activated partial thromboplastin time; HDL: High density lipoprotein; SISVAR:

System for analysis of variance; PA: Aggregation platelet.
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