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RESUMO 
 

 

O cacau e o chocolate amargo têm demostrado efeitos cardioprotetores, como 

atividade antioxidante, antiinflamatória e vasodilatadora. As ações são atribuídas aos 

flavonóides, compostos bioativos, presentes no cacau e nos produtos derivados do 

cacau. Dessa forma, este estudo foi delineado para verificar o efeito agudo da 

ingestão de chocolate amargo, com 70% de cacau, sobre a pressão arterial (PA), a 

frequência cardíaca (FC) e sobre o balanço autonômico para o coração. Participaram 

do estudo 17 indivíduos saudáveis, com idades entre 18 e 25 anos de ambos os 

sexos. Após um período de 5 minutos de repouso, em ambiente calmo e silencioso, 

a PA (mmHg) e a FC (bpm) foram aferidas conforme as VI Diretrizes Brasileiras de 

Hipertensão. Logo após foi realizado um eletrocardiograma (ECG) por 10 minutos, 

para verificação do balanço simpatovagal pela análise espectral. Em seguida os 

participantes foram convidados a ingerir 10g de chocolate amargo (70% de cacau) e 

uma hora após a ingestão de chocolate, repetimos as medidas de PA, FC e o ECG 

com o objetivo de verificar os efeitos do chocolate amargo sobre os parâmetros 

hemodinâmicos e sobre a modulação autonômica para o coração, visando detectar 

diferenças entre o período Pré e Pós-ingestão. Na análise estatística o teste T de 

Student pareado foi utilizado para dados paramétricos e o teste de Wilcoxon para 

dados não paramétricos. Todas as análises foram realizadas utilizando o software 

SigmaPlot 12.0. Os dados são apresentados como média±desvio padrão e foram 

considerados estatisticamente  significativo para valores de P 0.05. A PA sistólica 

(pré 104±14XPAS e pós 98±13 P 0.001), média (pré 83±9 e pós 78±6 P 0.05) e a 

FC (pré 80±6 e pós 75±6 P 0.00) foram significativamente menores após 1h da 

ingestão de chocolate amargo. No entanto, a PA diastólica (pré 69±6 e pós P 0.14) 

não foi significativamente diferente. A variabilidade total da FC foi maior (pré 

1991±895 pós 3622±2627 P 0.02), após a ingestão de chocolate amargo, 

acompanhada de uma diminuição na modulação simpática representada pelo 

componente LF normalizado (%) (pré 44±14 e pós 39±16 P 0.03) e aumento da 

modulação parassimpática (HFnu pré 55±14 x HFnu pós 60±16 P .03). Houve uma 

melhora no balanço simpatovagal (LF/HF) após a ingestão de chocolate (pré 

0.94±0.60 e pós 0.79±0.52 P 0.05). Os resultados desse estudo sugerem que o 
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consumo de 10g de chocolate amargo podem aumentar a participação do sistema 

nervoso parassimpático. Esse resultado indica que houve uma melhora no controle 

da PA, uma vez que melhorou o balanço autonômico. Dessa forma, mais estudos 

devem ser realizados para demonstrar este benefício.  

 

Palavras chaves: chocolate amargo, sistema nervoso autônomo, variabilidade da 

freqüência cardíaca, pressão arterial e flavonóides. 
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ABSTRACT 

 

 

Cocoa and dark chocolate have demonstrated cardioprotective effects, such as 

antioxidant, anti-inflammatory and vasodilatory. The shares are attributed to 

flavonoids, bioactive compounds present in cocoa and cocoa products. Thus, this 

study was designed to investigate the effect of acute ingestion of dark chocolate with 

70% cocoa on blood pressure (BP), heart rate (HR) and the autonomic balance to the 

heart. The study included 17 healthy subjects, aged 18 to 25 years for both sexes. 

After a period of rest, the BP (mmHg) and HR (bpm) were measured according to the 

VI Brazilian Guidelines on Hypertension. Similarly, we performed the 

electrocardiogram (EKG) to check sympathovagal balance for spectral analysis. Then 

participants were asked to eat 10g of dark chocolate (70% cocoa) and one hour after 

ingestion, measures of BP, HR and EKG were repeated. The statistical analysis 

performed was of the paired t test for parametric data and the Wilcoxon Signed Rank 

Test for nonparametric data.  All analyses were conducted using SigmaPlot 12.0 

software. Data are presented as the mean ± SD and the P<0.05 was considered 

statistically significant. The systolic BP (before 104±14 and after 98±13 P 0.001), 

mean (before 83±9 X after 78±6 P 05) and HR (before 80±6 X after 75±6 P ) 

were significantly lower after 1 hour of intake dark chocolate. However, diastolic BP 

(before 69±6 and after P 14) were not significantly different. The total variability of 

HR was higher (before 1991±895 X after 3622±2627 P .02), after eating dark 

chocolate, accompanied by a decrease in sympathetic modulation represented by 

normalized LF component (%) (before 44±14 X after 39±16 P 0.03) and increased 

parasympathetic modulation (before HFnu 55±14 x after 60±16 HFnu P 03). There 

was an improvement in sympathovagal balance (LF/HF) after ingestion chocolate 

(before 0.94±0.60 X after 0.79±0.52 P

consumption of 10g of dark chocolate may increase the involvement of the 

parasympathetic nervous system. This result indicates that there was an 

improvement in BP control, since improved autonomic balance. Thus, further studies 

should be conducted to demonstrate this benefit. 
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1. INTRODUÇÃO 

 

1.1 Aspectos Históricos sobre a ingestão de cacau e chocolate 

 

Os alimentos e bebidas produzidos a partir dos frutos da árvore, Theobroma 

cacao, o cacau, são consumidos pelos humanos há muitos anos. Documentos 

históricos fazem referencia, ao valor medicinal do chocolate, consumido como um 

alimento para tratar uma série de distúrbios, incluindo angina e dor no coração 

(Keen, 2001).  

Os povos indígenas, situados nas Américas faziam uso medicinal do cacau, 

porém somente a partir de 1500 ele se difundiu pela Europa. As principais utilizações 

do cacau incluíam na época estimulo ao sistema nervoso, ao ganho de peso e ainda 

melhora na digestão (Dillinger et al., 2000).  Hollenberg et al (2009) estudando os 

índios Kuna das ilhas San Blas do Panamá, verificaram que eles consumiam em 

média três copos de uma bebida a base de cacau por dia , e que a prevalência da 

hipertensão entre os Kuna, era de apenas 2,2% e que a pressão arterial (PA) não 

aumentava com a idade (Hollenberg et al., 2009). Coincidentemente esta população 

também apresentava menores taxas de diabetes mellitus, infarto do miocárdio, 

acidente vascular cerebral e câncer (Hollenberg et al., 1997). 

 

1.2 Componentes ativos do cacau e do chocolate 

 

O cacau contêm flavonóides, uma classe de polifenóis mais abundante na 

natureza. Nas sementes de cacau, utilizadas para produção de chocolate e outros 
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produtos; o flavonóide que se destaca é o Flavan-3-ols ou Flavanol, principalmente 

nas formas monoméricas de catequinas e epicatequinas, e na forma oligomérica de 

procianidinas (Andujar et al., 2012, Katz et al.). Apesar da perda de flavonóides 

chegar a 90% após o processamento das sementes de cacau, os efeitos benéficos 

para a saúde ainda são observados nos produtos de cacau, como no chocolate 

amargo. As estruturas monoméricas, após a ingestão de cacau, são rapidamente 

absorvidas no intestino e aumentam sua concentração no plasma, principalmente de 

epicatequina (Spencer et al., 2001, Holt et al., 2002).  

  Os flavonóides se destacam por apresentar efeitos benéficos na prevenção 

de doenças, principalmente das doenças cardiovasculares. Devido aos flavonóides 

terem a capacidade de proteger as células contra o estresse oxidativo, são 

classificados como antioxidantes.  A capacidade antioxidante dos compostos 

fenólicos se deve a facilidade com o qual um átomo de hidrogênio do grupo hidroxil 

aromático pode ser doado para um radical livre e a habilidade do grupo fenólico 

suportar um elétron não pareado (Burns et al., 2000). 

O chocolate meio amargo segundo a ANVISA, deve conter no mínimo 35% 

de cacau em sua composição. Em nossa pesquisa utilizamos um chocolate amargo 

contendo 70% de cacau que acreditamos apresentar potencialmente os efeitos 

benéficos do chocolate capazes de alterar os valores de PA. 

 

1.3 Efeitos fisiológicos do cacau e do chocolate 

 

De fato, o estudo observacional “Zutphen Idosos”, uma coorte com 470 

homens demostrou que a ingestão de cacau estava inversamente associada com a 

PA (Buijsse et al., 2006). Da mesma forma, um estudo transversal, realizado em 
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2011 com 4970 americanos demonstrou que o consumo de chocolate estava 

inversamente associado com a prevalência de doença arterial coronariana (Djousse, 

Hopkins, North et al, 2011). Além disso, neste mesmo ano, Djousse et al verificaram 

que a calcificação de artérias coronárias, avaliada por tomografia computadorizada 

em 2217 indivíduos, também estava inversamente associada com o consumo de 

chocolate ou de cacau (Djousse et al.).  Finalmente, um estudo de coorte que 

acompanhou por seis anos mulheres suecas demonstrou que a ingestão moderada 

de chocolate, 19 a 30 g por semana, foi inversamente associado com a insuficiência 

cardíaca (Mostofsky, Levitan et al, 2010).  

Dessa forma, está claro na literatura que os efeitos do cacau e do chocolate 

sobre o organismo, que também incluem: redução da resistência insulínica, proteção 

do sistema nervoso central, da função imune e do sistema cardiovascular, prevenção 

do câncer, entre outros (Katz et al.)(2011), podem ser verificados em praticamente 

todos os sistemas orgânicos. Por esta razão, o estudo dos efeitos da ingestão de 

cacau é muito provocativo, no sentido de buscar novas alternativas não 

farmacológicas que possam desempenhar um papel preventivo às doenças 

cardiovasculares.  

Estão bem estabelecidos na literatura os efeitos cardioprotetores (Mehrinfar 

and Frishman, 2008) do cacau. Entre eles podemos citar: melhora na função 

endotelial (Vlachopoulos et al., 2005, Fisher et al., 2003, Heiss et al., 2003, Heiss et 

al., 2006, Schroeter et al., 2006, Heiss et al., 2007, Heiss et al., 2005), inibição da 

agregação plaquetária (Murphy et al., 2003, Pearson et al., 2002, Innes et al., 2003),  

efeitos antiinflamatórios (Selmi et al., 2008) e antiaterosclerótico com a diminuição da 

oxidação da LDLc (Steffen et al., 2005, Bordeaux et al., 2007, Kondo et al., 1996) e 

efeito anti-hipertensivo (Grassi et al., 2005a, Grassi et al., 2005b, Actis-Goretta et al., 
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2006, Buijsse et al., 2006, Taubert et al., 2007b). No entanto, não está claro na 

literatura se a ingestao isolada de chocolate amargo seria capaz de alterar o controle 

da PA, em especial o controle autonômico cardiocirculatório. 

Sabemos dos efeitos redutores da PA, em indivíduos normotensos (Grassi 

et al., 2005a, Fraga et al., 2005, Buijsse et al., 2010), pré-hipertensos e com 

hipertensão estágio I (Desch et al., 2010, Ried et al., 2012) quanto em outros 

estágios de hipertensão (Grassi et al., 2005b, Taubert et al., 2003). 

Inúmeras pesquisas demonstram uma melhora na função endotelial (Engler 

et al., 2004, Vlachopoulos et al., 2005, Nogueira Lde et al.) acompanhada de uma 

maior biodisponibilidade de óxido nítrico (NO) (Fisher et al., 2003, Taubert et al., 

2007a) após o consumo chocolate amargo ou de cacau (Corti et al., 2009). Estudos 

experimentais realizados com ratos espontaneamente hipertensos (SHR), também 

demonstraram que os antioxidantes presentes no cacau reduzem a PA (Quinones, 

Muguerza et al., 2011; Sánchez, Quinones et al., 2010). Além disso, Pearson et al 

(2011) estudando o efeito do chocolate amargo in vitro e in vivo, sugerem uma 

inibição na atividade da enzima conversora da angiotensina (ECA)(Persson et al.). 

Esses resultados são confirmados por Guerrero et al (2012) que demonstraram a 

aplicação dos flavonóides como inibidores da ECA, podendo ser utilizados como 

suplementos nutricionais (Guerrero, Castillo et al. 2012). Essa importante ação dos 

flavonóides presentes no cacau é outro possível mecanismo de ação do chocolate 

amargo e de produtos derivados do cacau em reduzir a PA e, consequentemente, 

diminuir o risco cardiovascular (Actis-Goretta et al., 2003). 

A figura 1 ilustra os mecanismos de ação responsáveis pela redução da PA 

induzido pelo cacau e encontrada nos estudos clínicos. O cacau aumenta as 

concentrações de L- arginina, o que em ultima instância aumenta o óxido nítrico (NO) 
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intracelular através da ação da enzima óxido nítrico sintase (eNos), causando o 

relaxamento da musculatura lisa dos vasos. 

 

 

 

Figura 1: Efeito dos polifenóis do cacau no endotélio. Legenda com abreviaturas. 

Oxido Nítrico (NO); Fator hiperpolarizante derivado do endotélio (EDHF); 

Prostaciclina (PGI); Superóxido desmutase (SOD); enzima conversora da 

angiotensina (ACE); Receptor da Angiotensina (AT1) Endotelina (ET-1); espécies 

reativas oxigênio (ROS), enzima óxido nítrico sintetase (eNos), Angiotensina I (AI); 

Angiotensina II (AII); Proteína C quinase (PKC); Monofosfato cíclico de guanosina 

(GMPc); receptores de endotelina ETa/b. Fonte: Corti et al, (2009). 

 

Além de aumentar a síntese de NO, outros efeitos podem ser observados, 

tais como efeitos antioxidantes podendo reduzir a produção de espécies reativas de 

oxigênio (EROS), contribuindo assim para uma melhor função endotelial por 

favorecer indiretamente o aumento da biodisponibilidade do NO. Além disso, os 

polifenóis contidos no cacau podem ativar o fator hiperpolarizante derivado do 

endotélio (EDHF) aumentando a liberação de prostaciclina endotelial ou inibindo a 

síntese de endotelina (ET).  Os polifenóis podem também inibir a atividade da 

enzima conversora de angiotensina (ECA), o que foi demonstrado em um estudo in 
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vivo e in vitro e, conseqüentemente, reduziu a atividade da NADPH oxidase que 

produz EROS e é estimulada por este hormônio (Corti et al., 2009). De fato, uma 

significativa redução na ECA sanguínea de indivíduos foi observada 3 h após a 

ingestão de 75g de chocolate com 72% de cacau (Persson et al., 2011).   

Nosso interesse no Sistema Nervoso Autônomo (SNA) se justifica pelo fato 

de ser um sistema que atua em diversas situações fisiológicas e interage com 

inúmeros sistemas de controle de funções corporais, como o sistema renina 

angiotensina, por exemplo, e qualquer modificação no balanço entre os sistemas 

nervoso simpático e parassimpático pode apresentar efeitos que vão além daqueles 

verificados sobre o sistema cardiovascular. Esse fato aumenta o desafio de estudar o 

SNA que potencialmente pode interferir na promoção da saúde de forma significativa 

e abrangente. 

 

1.4 O Papel do Sistema Nervoso Autônomo sobre o sistema cardiovascular 

 O controle reflexo da PA, realizado pelo SNA,  é realizado através de 

diferentes sensores periféricos (Michelini and Morris, 1999) e que atuam sobre as 

eferências nervosas simpáticas e parassimpáticas (Abboud e Thames, 1983) 

determinando alterações fisiológicas que contribuem para diminuir as variações da 

PA (Krieger, et al 1999). Essa regulação promove ajustes através da bradicardia e da 

taquicardia reflexa que são moduladas pelos pressorreceptores (Lopes et al., 2000). 

A atividade vagal diminui a frequência cardíaca (FC), enquanto as fibras pós-

ganglionares simpáticas, que inervam quase todo o coração (Hainsworth, R.; 1995) 

aumentam a FC (Furnival, et al; 1973). Em seres humanos o SNA está tonicamente 

ativado com a dominância da regulação vagal para o coração que influencia 

fortemente a FC de cada indivíduo. Neste sentido, o controle autonômico é 
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fundamental para as adaptações da freqüência cardíaca que determinam a 

variabilidade da FC fundamental para os ajustes momento a momento da PA. 

Além disso, nas últimas décadas, têm se observado uma associação positiva 

e significativa entre o funcionamento do SNA e a mortalidade por doença 

cardiovascular. Evidências experimentais mostraram uma associação entre arritmias 

letais e sinais de aumento, mesmo que pequeno da atividade simpática ou redução 

parassimpática. Isso tem incentivado o desenvolvimento de marcadores quantitativos 

da atividade autonômica e sua relação com parâmetros de saúde cardiovascular 

(Task Force, 1996). 

Já está bem estabelecido na literatura que na Hipertensão Arterial Sistêmica  

(HAS) há um desbalanço simpatovagal, com um predomínio no componente 

simpático (Irigoyen, et al., 2001) e que as alterações do SNA são um importante 

indicador de prognóstico (Kleiger et al., 1987, Montano et al., 2009), de maneira que 

qualquer intervenção farmacológica ou não, como o consumo de chocolate, que 

contribua para a melhora do funcionamento nesse sistema representa uma 

ferramenta importante tanto para a manutenção da saúde como para tratar 

patologias. 

Considerando a importância do estudo do SNA através da sua manifestação 

no controle da FC, o eletrocardiograma (ECG) constitui um método de baixo custo de 

diagnóstico que fornece informações essenciais sobre o intervalo Q-T (Molnar et al., 

1997) e que nos permite avaliar o balanço simpatovagal para o coração.  As 

oscilações que ocorrem entre os intervalos R-R, intervalo entre duas ondas R do 

eletrocardiograma ou entre dois ciclos cardíacos, tem sido descrito como a 

variabilidade da frequência cardíaca (VFC) (Lahiri et al., 2008). 
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As variações na modulação do sistema nervoso simpático e parassimpático 

alteram a FC e a PA para manter a adequada homeostasia celular. Neste sentido, o 

ECG, um método não invasivo que permite a médicos e pesquisadores coletar 

informações valiosas sobre a modulação do SNA, possibilita o estudo quantitativo do 

balanço simpatovagal.  Estudos mostraram que há uma relação entre VFC e o 

avanço da idade, sugerindo um declínio dependente da idade. Tal afirmação tem 

aplicação clínica, por apresentar correlação inversa com o risco de morte por 

doenças cardiovasculares (Paolisso et al., 1999).  Reis e colaboradores (1998) 

observaram que quanto menor a VFC, maiores eram os riscos de doenças 

cardíacas. Sendo assim a diminuição da VFC constitui importante fator prognóstico 

para o surgimento de doenças cardíacas tanto para indivíduos saudáveis como em 

indivíduos cardiopatas (Malliani et al., 1991). 

Sabendo que as alterações no balanço autonômico estão associadas a 

diversas patologias, torna-se relevante estudar a modulação autonômica uma vez 

que essas alterações no balanço simpatovagal são fundamentais para o prognóstico 

das doenças. Da mesma forma, a melhora deste balanço assume um papel 

importante na sobrevida das populações e que, se confirmadas as hipóteses desse 

estudo, o chocolate talvez contribua para a prevenção/retardo no aparecimento de 

doenças cardiovasculares. 

As oscilações nos intervalos R-R podem ser avaliadas pelo domínio do tempo 

e da freqüência. No domínio do tempo foram avaliadas as variáveis SDNN (desvio 

padrão do intervalo R-R) e  RMSSD (raiz quadrada da média do quadrado das 

diferenças entre intervalos RR normais adjacentes, expresso em ms). A análise dos 

dados de VFC no domínio da frequência  foi realizada pela Transformada Rápida de 

Fourier (FFT) em trechos de 5 minutos, com interpolação de 4 Hz, overlap de 50%. 
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As bandas de interesse da FC, no domínio da freqüência, foram as 2 faixas distintas: 

a faixa LF (Low Frequency) e a faixa HF (High Frequency) que representam a 

modulação simpática e parassimpática, respectivamente. A avaliação da VFC, que é 

composta pelo balanço entre os dois sistemas permite avaliar o controle autonômico 

através da relação dos componentes LF/HF (Malliani et al., 1991).  

Pesquisando a literatura, somente um estudo foi encontrado envolvendo licor 

de cacau e o balanço autonômico. Neste estudo, realizado em coelhos 

hipercolesterolêmicos, tratados com o licor do cacau por 6 meses, os autores 

observaram  uma redução da FC, da PA e da área das lesões ateroscleróticas na 

aorta no grupo tratado com cacau. Da mesma forma o componente HF (High 

Frequency), ou modulação vagal, se manteve inalterado no grupo tratado, enquanto 

esse componente estava reduzido no grupo controle (Akita et al., 2008).  

No entanto, até a presente data não foram encontrados na literatura trabalhos 

que avaliem a ação aguda do chocolate amargo no controle do SNA em humanos. 

Dada à importância desse sistema no controle fisiopatológico da PA e de diversos 

sistemas corporais, o nosso trabalho tem o objetivo de investigar se uma única 

ingestão de chocolate (70% cacau) pode melhorar o balanço simpatovagal em 

adultos saudáveis e, assim, melhorar os mecanismos de controle da PA e FC para 

proteger o organismo do desenvolvimento de doenças do aparelho cardiocirculatório. 
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2. OBJETIVOS 

 

2.1 Objetivo Geral: 

O objetivo do estudo foi avaliar o efeito da ingestão aguda de chocolate 

amargo (70% cacau) sobre a modulação do Sistema Nervoso Autônomo cardíaco. 

 

2.2 Objetivos Específicos: 

Verificar em indivíduos saudáveis o efeito agudo da ingestão de 10g de 

chocolate amargo com 70% de cacau, sobre a pressão arterial (PA), freqüência 

cardíaca (FC), e variabilidade da freqüência cardíaca. 
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ABSTRACT 

Cocoa and dark chocolate have demonstrated cardioprotective effects, such as 

antioxidant, anti-inflammatory and vasodilatory. The shares are attributed to 

flavonoids, bioactive compounds present in cocoa and cocoa products. Thus, this 

study was designed to investigate the effect of acute ingestion of dark chocolate with 

70% cocoa on blood pressure (BP), heart rate (HR) and the autonomic balance to the 

heart. The study included 17 healthy subjects, aged 18 to 25 years for both sexes. 

After a period of rest, the BP (mmHg) and HR (bpm) were measured according to the 

VI Brazilian Guidelines on Hypertension. Similarly, we performed the 

electrocardiogram (EKG) to check sympathovagal balance for spectral analysis. Then 

participants were asked to eat 10g of dark chocolate (70% cocoa) and one hour after 

ingestion, measures of BP, HR and EKG were repeated. The statistical analysis 

performed was of the paired t test for parametric data and the Wilcoxon Signed Rank 

Test for nonparametric data.  All analyses were conducted using SigmaPlot 12.0 

software. Data are presented as the mean ± SD and the P<0.05 was considered 

statistically significant. The systolic BP (before 104±14 and after 98±13 P 001), 

mean (before 83±9 X after 78±6 P 05) and HR (before 80±6 X after 75±6 P .00) 

were significantly lower after 1 hour of intake dark chocolate. However, diastolic BP 

(before 69±6 and after P 14) were not significantly different. The total variability of 

HR was higher (before 1991±895 X after 3622±2627 P .02), after eating dark 

chocolate, accompanied by a decrease in sympathetic modulation represented by 

normalized LF component (%) (before 44±14 X after 39±16 P .03) and increased 

parasympathetic modulation (before HFnu 55±14 x after 60±16 HFnu P 03). There 

was an improvement in sympathovagal balance (LF/HF) after ingestion chocolate 

(before 0.94±0.60 X after 0.79±0.52 P
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consumption of 10g of dark chocolate may increase the involvement of the 

parasympathetic nervous system. This result indicates that there was an 

improvement in BP control, since improved autonomic balance. Thus, further studies 

should be conducted to demonstrate this benefit. 

 

 

Keywords: Dark chocolate, autonomic nervous system, heart rate variability, blood 

pressure and flavonoids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 30

INTRODUCTION 

 

 Epidemiological reports indicate that consumption of foods rich in polyphenols 

are associated with lower incidence of cardiovascular diseases (Hertog et al., 1993, 

Manach et al., 2005) and decreased risk for cardiovascular morbidity and mortality 

(Keli et al., 1996). The cacao products, such as dark chocolate, rich in polyphenols 

has demonstrated beneficial, particularly cardiovascular effects (Corti et al., 2009, 

Buijsse et al., 2010).  

The cardioprotetion of cocoa and dark chocolate include, antioxidant (Serafini 

et al., 2003), antiatherosclerotic, by decreasing the LDL oxidation, (Kondo et al., 

1996, Baba et al., 2007), and anti-inflammatory effects (Selmi et al., 2008, Mao et al., 

2000), as well as, reduction in platelet aggregation (Bordeaux et al., 2007), and 

angiotensin converting enzyme (ACE) activity (Persson et al., 2011). It is documented 

an increased nitric oxide bioavailability (Taubert et al., 2007a),  and improved 

endothelial function (Vlachopoulos et al., 2005) , that ultimately, induce vascular 

relaxation and antihypertensive effects (Desch et al., 2010, Mehrinfar and Frishman, 

2008).  

One of the mechanisms by which blood pressure (BP) control is improved is 

associated to the peripheral afferents that carry out BP information to the central 

nervous system. This mechanism include sympathetic and/or parasympathetic 

activation and thus changes heart rate (HR) to promote BP stabilization (Franchini 

and Cowley, 1996).  The study of HR variability (HRV) has been used for the last few 

decades (TASK FORCE, 1996) to assess autonomic modulation of the 

cardiovascular system (Bertagnolli et al., 2008).  Higher HRV is an indication of good 

BP adaptation, while lower HRV is frequently an indicator of abnormal and insufficient 
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adaptation of the autonomic nervous system  (ANS) modulation (Pumprla et al., 

2002). 

Akita et al., (2008), observing rabbits treated with liquor cocoa for 6 months, 

demonstrated that there was a decrease in heart rate, blood pressure and an 

improvement in the baroreflex function. In addition, these authors also observed that 

there was an improvement in parasympathetic modulation when compared to the 

rabbits feed with standard diet.  

However, as far as we search in the area, we did not find any study describing 

the effect of the acute ingestion of dark chocolate over the autonomic nervous system 

modulation in healthy or hypertensive subjects. Thus, considering the importance of 

decreasing the risk for cardiovascular disease and the fact that dark chocolate may 

improve the ANS modulation. This study was conducted to investigate whether a 

single of dark chocolate, with 70% of cocoa, would be able to improve BP control of in 

healthy subjects. 

 

MATERIALS and METHODS 

Subjects  

The protocol was approved by the Ethics Committee of Universidade Federal 

de Ciências da Saúde de Porto Alegre. A total of 17 subjects (10 women, 7 men), 

between 18 and 25 years old, voluntarily participated in the study after signing the 

informed consent. Subjects were clinically healthy, nonobese, normotensive, 

nonsmokers and were not taking any medications or antioxidant supplements, except 

oral contraceptives for women. To minimize the effects of hormones fluctuation on 

autonomic control of the cardiovascular system,  all measurements in women were 
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colleted during the early follicular phase, 1° - 3° day, of the menstrual cycle (Minson 

et al., 2000). 

 

 Study design 

 The subjects entered a further cocoa-free washout phase of 7 days, according 

to the protocol described by (Taubert et al., 2003). 24 hours before the experiment, 

the volunteers were instructed not to: drink alcohol, caffeinated products and 

practicing physical exercise intense. The following measurements comprised the 

experimental sequence: 1. BP, RH and HRV were measured at rest; 2. 10g of dark 

chocolate with 70% cocoa (Nutrition composition on Table 1) was taken by the 

subjects; 3. The anthropometric data were obtained immediately after the chocolate 

intake; 4. One hour after the chocolate consumption, also at rest, a second BP, HR 

and HRV was performed. 

 

Blood pressure measurement 

The subjects were seated in upright position with back support, and were 

asked to relax for 5 min. BP was determined with the use of the automatic digital 

device (Omron® IntelliSense® BP785). The BP cuff covered at least 80% of the 

upper arm. To confirm the data, the BP measurement was repeated at least three 

times, at 2 minute intervals. When a difference of more than 6 mmHg between 

measurements was detected, the measurements were repeated until the difference 

was less than 4 mmHg. An average of three measurements was used for the BP of 

each participant. From this, mean arterial pressure (MAP), HR and pulse pressure 

(PP) were determined. 
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Heart Rate Variability  

 

Time and frequency domain 

The electrocardiogram signal (EKG) acquisition was colleted at,1kHz sample 

rate, for a 10 minute period in the supine position, head elevation of 30°. It was done 

using a protocol with three derivations. To assess the HRV, the temporal series of RR 

intervals, were registered and processed by the MP150 system (Biopac, California, 

USA).  

In text format, the temporal series were analyzed using the program Kubios 

HRV 2.0 (Biosignal Analysis and Medical Imaging Group, Kuopio, Finland) in which 

the EKG signal was processed to obtain the variables related to HRV in the time 

domain and frequency. In the time domain variables were chosen SDNN (standard 

deviation of RR intervals) and RMSSD (square root of the mean squared differences 

between adjacent normal RR intervals, expressed in ms). The analysis of HRV in the 

frequency domain raw state was performed by Fast Fourier Transform (FFT) in 

portions of 5 minutes with interpolation 4 Hz, overlap by 50%. The bands of interest 

were low frequency or LF (0:04 to 0:15 Hz and this component refers predominantly 

sympathetic modulation) and high frequency or HF (0.15 to 0.4 Hz, refers to 

parasympathetic modulation). 

Normalized LF and HF components of R–R variability were considered, 

respectively, as markers of cardiac sympathetic and parasympathetic modulation, 

and the ratio between them (LF/HF) was considered as an index of the autonomic 

modulation of the heart (Montano et al., 2009). Normalized units (nu) were obtained 

by dividing the power of given component by the total power (from which VLF has 
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been subtracted) and multiplying by 100 (Montano et al., 2008). The sympatho-vagal 

index (LF/HF) was calculated based on the LF and HF absolute values. 

Symbolic analysis 

Symbolic analysis was used to detect changes in autonomic modulation of 

cardiovascular variability (Guzzetti et al., 2005 and Porta et al., 2007). The 

sequences are spread on six levels and all possible patterns are divided into four 

groups, consisting of patterns with: 1) no variations (0V, three symbols equal and 

indicate sympathetic modulation); 2) one variation (1V, two symbols equal and one 

different. Indicate both sympathetic and parasympathetic modulation); 3) two like 

variations (2LV) and indicate parasympathetic modulation; and 4) two unlike 

variations (2UV) and indicate parasympathetic modulation (Guzzetti et al., 2005). All 

recordings were performed in a sound attenuated room. 

 

Statistical Analysis 

The statistical analysis performed was of the paired t test for parametric data 

and the Wilcoxon Signed Rank Test for nonparametric data. The normality the data 

were assessed through the Shapiro-Wilk test. All analyses were conducted using 

SigmaPlot 12.0 software. Data are presented as the mean ± SD and the P<0.05 was 

considered statistically significant. 

 

RESULTS 

Hemodynamic and anthropometric data  

Subjects were 22±2 years old and the body mass index (BMI) was 22.5±3 

kg/m2. SBP, mean arterial pressure (MAP), PP and HR were significantly decreased 
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after 1 hour of dark chocolate intake. However, there was no difference in DBP (Table 

2). 

 

Heart Rate Variability 

A single dose of dark chocolate significantly increased the total power of HRV. 

Furthermore, in absolute values, the parasympathetic (HFa) and the sympathetic 

modulation (LFa) to the heart were, respectively, 85% and 45% higher after chocolate 

consumption.  The spectral analysis data, also demonstrated that the proportion 

between sympathetic and parasympathetic was also changed after dark chocolate 

intake. The HFnu, SDNN and RMSSD that represent the parasympathetic 

modulation, were significantly increased. On the other hand, the LFnu, or the 

sympathetic modulation to the heart and LF/HF ratio were significantly decreased 

after the chocolate intake. Regarding to symbolic analysis, the 0V pattern (%) was 

significantly decreased after chocolate intake indicating a reduction of sympathetic 

modulation. On the other hand, the parasympathetic modulation was increased, as 

seen by increase in 2 LV and 2 UV pattern. 

Collectively, our results of spectral and symbolic analysis strongly indicate that 

the ingestion of a single dose (10g) of dark chocolate increase the parasympathetic 

nervous system modulation to the heart (Table 3). 

 

DISCUSSION 

The most significant observation of this study is that a single dose of dark 

chocolate improves the autonomic nervous system (ANS) modulation to the heart in 

healthy subjects. After one hour, the dark chocolate intake significantly increased in 
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82% the total power of HRV. This improvement in the ANS modulation was 

associated to a decrease in SBP, PP and HR, without changing DBP.  

 Indeed, although the mechanism remains under investigation, recent studies 

have suggested that, chronically,  the dark chocolate consumption may have blood 

pressure lowering effects (Egan et al., 2010, Taubert et al., 2007a, Desch et al., 

2010, Zomer et al., 2012).  According to Sudarma, et al. (2011), the possible 

explanation to this effect could be the flavanols that have been shown to stimulate the 

endothelial nitric oxide production causing blood vessels dilatation in pre-

hypertensive subjects. Moreover, it was also demonstrated that chronic dark 

chocolate intake improves endothelial function in healthy subjects (Engler et al., 

2004, Grassi et al., 2005a, Fisher et al., 2003, Ried et al., 2010, Heiss et al., 2006) 

and in smokers, who after an acute cocoa consumption, had not only an improvement 

in endothelial function but also in BP control(Heiss et al., 2003). 

 In addition, in agreement with our results, although using a different dose, 

Faridi et al (2008) also demonstrated that the single ingestion of 74g of dark 

chocolate (22g of cocoa) significantly decreased BP and improved endothelial 

function in overweight but healthy subjetcs (Faridi et al., 2008). 

Although we have studied the acute ingestion of a single dose of dark 

chocolate, our results are consistent also with previous reports, involving subjects 

and chronic chocolate intake in subjects. Similarly to ours, those results, showed a 

decrease in systolic blood pressure but not in DBP (Sudarma et al., 2011; (Taubert et 

al., 2003, Grassi et al., 2005a). On the other hand, Fraga et al (2005) have also 

demonstrated, in soccer players, a decrease in DBP, after 2 weeks of 100g of dark 

chocolate intake (Fraga et al., 2005). Others and we did not find significant difference 

in DBP, probably due to the time and/or dose of treatments and also it is important to 
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considered that Fraga el al were observing athletes, while we had studied an 

heterogeneous group with no athletes in it. 

Moreover, we also found that PP was significantly lower after chocolate 

ingestion. It is very well established in the literature that an improvement in 

endothelial function may result in a decrease in artery smooth muscle tone and so the 

vascular resistance (Schmitt et al., 2005, Wilkinson et al., 2002, McEniery et al., 

2006). Indeed, McEniery M. et al (2006) demonstrated that, even in healthy 

individuals, there is an association between endothelial functions and central pulse 

pressure probably due to the momentarily improvement in endothelial function after 

dark chocolate intake (McEniery et al., 2006). 

A possible limitation of our study is the fact that we did not investigate the 

mechanisms by which the single dose of dark chocolate may provoke these important 

effects over BP. In addition, we also did not demonstrate whether the improvement in 

those parameters were due to the cocoa, sugar or any other chocolate component. 

On the other hand, as far as we could search the literature, this is the first study to 

demonstrate that the dark chocolate might improve the ANS balance in healthy 

subjects.  

Regarding to the component that could be inducing those efects, Brown et all 

(2008) studying healthy subjects, demonstrated an increase in SBP and in DBP after 

a single dose (60g) of fructose, but not after 60g of glucose (Brown et al., 2008). 

Thereby, it is not reasonable to believe that the decrease in SBP and MAP, seen in 

our results, are due to the ingestion of these sugars contained in the dark chocolate. 

In addition, the fructose has negligible effects on insulin release (Crapo et al., 1980, 

Pozza et al., 1958, Chong et al., 2007) that could would increase in BP probably 

mediated by an increase in cardiac output without compensatory peripheral 
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vasodilatation (Muniyappa et al., 2007). Thus collectively, these opposite findings 

might indicate that the decrease in SBP and MAP cannot be due to sugar intake or 

insulin release. 

Moreover, our results also showed that dark chocolate improve the ANS 

modulation to the heart. In normalized units, which represent a percentage, there was 

an increase in parasympathetic (HFnu) and a decrease in sympathetic (LFnu) 

modulation to the heart. These results are in agreement with the decrease in 

LF/HFratio, and with the increase in HRV, SDNN and RMSSD, after chocolate intake. 

These results are an indication that the parasympathetic modulation is proportionally 

increased to the heart and that ANS modulation to the cardiovascular system is 

improved. 

On the other hand, in absolute values there was an increase of both 

sympathetic (45%) and parasympathetic (100%) modulation, as seen by LFa and 

HFa, respectively. These results indicate that chocolate intake increase the ANS 

participation to the heart, in favor to parasympathetic modulation. In addition, the 

decrease in SBP, MAP, PP and HR cannot be attributed to the resting period effect 

over BP, since after chocolate intake there was an increase in LF in absolute values 

or sympathetic modulation. These results are also  confirmed by symbolic analyses. 

There was a decrease in the 0V pattern indicating a reduction of sympathetic 

modulation and an increase in 2LV and 2UV pattern that represent the 

parasympathetic modulation. 

Indeed, our findings are similar to that reported by Akita et al, (2008) who, 

studying the effects of cocoa liquor administration for 6 months, in rabbits, found a 

reduction in BP and HR. In this animals the parasympathetic modulation was not 

changed with age, when compared to animals feed with standard diet (Akita et al., 
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2008).  In addition, reinforcing the idea that chocolate has neuroprotective effect, 

Calderon-Garciduena et al (2010) found that, in mice under urban air pollution, the 

chocolate intake mitigated the vagal inflammation. This result reinforces beneficial 

effect of chocolate effect on parasympathetic function.  

The clinical relevance of our result is based on the fact that an increase in 

HRV is associated, in subjects, to a decrease in cardiovascular risk and mortality. It is 

clear in the literature that impaired HRV induces an increase in BP or vice versa 

(TASK FORCE, 1996). Since that a small daily amount of chocolate is an easy 

intervention, with significant effects over BP, introduce it as a daily consumption habit 

could decrease cardiovascular risks and improve the subjects quality of life.  

 

CONCLUSION 

The dark chocolate, a non-pharmacological intervention, has beneficial effects 

on autonomic modulation to the cardiovascular system as seen by the increase in 

HRV and in HF nu. These effects may have strong impact on the reduction of 

cardiovascular events, and consequently mortality. More studies are necessary to 

confirm these hypotheses. 
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Table 1. Dark chocolate nutritional composition 

    

   Data provided by Lugano Chocolate. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Content per dose Dark chocolate  

Energy, Kcal 54.4 

Carbohydrates, g 4 

Total fat, g      3.6 

Saturated fat, g 2 

Trans fat, g 0 

Protein, g    0.8 

Dietary fiber, g    0.8 

Sodium, mg 0                                

Total flavonoids (epicatechin) mg      5.41 
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Table 2: Hemodynamic values before and after chocolate ingestion 

 

Blood pressure (BP) and heart rate (HR) before and 1 hour after 10g of dark 

chocolate ingestion. SBP= systolic BP; DBP= diastolic BP; MAP= mean arterial 

pressure; PP=pulse pressure. The paired Student’s t test was used to detect 

differences between measurements. Data represent means±standard deviation. 

P<0.05 was considered statistically significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Before  After       P 
 
SBP(mmHg) 
 

104±14 98±13    0.001 

 
DBP (mmHg) 
 

   69±6    65±12    0.12 

 
MAP (mmHg) 
 

 83±9                    78±6    0.01 

 
PP (mmHg) 
 

   38±6   33±7    0.004 

HR (bpm)  80±6 75±6    0.00 
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Table 3: Spectral and symbolic analysis data before and after chocolate intake 

 Spectral Analysis   

 Before  After  P 

HRV (ms2) 1991±895 3622±2627 0.00 

SDNN (ms) 43±10 57±18 0.00 

RMSSD (ms) 33±10 49±20 0.00 

LFa (ms2) 550±354 800±464 0.00 

HFa (ms2) 699±466 1396±996 0.00 

Lfnu (%) 44±14 39±16 0.03 

Hfnu (%) 55±14 60±16 0.03 

LF/HF ratio 0.94±0.60 0.79±0.52 0.05 

 Symbolic Analysis (%)   

 Before  After  P 

0V pattern 21±9 15±8     0.00 

1V pattern 50±3 48±6     0.24 

2LV pattern 14±6 17±8     0.01 

2UV pattern 14±6 17±8     0.02 

Legend to Table 3: Spectral and symbolic analysis results. HRV=heart rate variability; 

SDNN=standard deviation of normal RR intervals, RMSSD=square root the mean 

squared differences between consecutive RR intervals; LF= low frequency 

component; HF= high frequency component; a= absolute; nu= normalized. LF/HF 

ratio= sympatho-vagal balance. A paired Student’s t test was used to detect 

differences between measurements; Data represent means±standard deviation. 

P<0.05 was considered to be statistically significant. Symbolic analysis Patterns: 1) 

no variations (0V, indicate sympathetic modulation); 2) one variation (1V, indicate 

both sympathetic and parasympathetic modulation); 3) two like variations (2LV) and 

indicate parasympathetic modulation; and 4) two unlike variations (2UV) and indicate 

parasympathetic modulation (Guzzetti et al., 2005). 
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Anexo 1 

Guide for Authors 

Types of Article  
Full-length articles of original research; Short Communications; Review articles; 
Clinical Reports and Book Reviews. For Full-length articles, please note you will be 
required to select a classification when submitting to the online system. The Editor-in-
Chief should be consulted whenever a review article is under consideration. Rapid 
Communications will be accepted if extremely concise, fully documented and dealing 
with a novel and important observation in a research area in rapid expansion. These 
will receive priority handling both in the reviewing and publishing processes such that 
their publication will be advanced. 

Ethics 

Human Experiments  
Papers describing experimental work on human subjects which carry a risk of harm 
must include a statement (a) that the experiments were conducted with the 
understanding and the consent of each subject, and (b) a statement that the 
responsible Ethical Committee has approved the experiments. 

Animal Experiments  
Papers describing experiments on living animals should provide (a) a full description 
of any anaesthetic and surgical procedure used, and (b) evidence that adequate 
steps were taken to ensure that animals did not suffer unnecessarily at any stage of 
the experiment, and comply with the existing national and international guidelines on 
the conduct of animal experiments. 

Copyright Submission 
Copyright submission of a paper to Autonomic Neuroscience: Basic & Clinical will 
imply that it represents original research not previously published (except in the form 
of an abstract or a preliminary report) and that it is not being considered for 
publication elsewhere. It also implies the transfer of the Copyright from the author to 
the publisher. Manuscripts submitted under multiple authorship are reviewed on the 
assumption that all listed authors concur with the submission and that a copy of the 
final manuscript has been approved by all authors and tacitly or explicitly by the 
responsible authorities in the laboratories where the work was carried out. If 
accepted, the manuscript shall not be published elsewhere in the same form, in either 
the same or another language, without the consent of the Editors and Publisher. If 
illustrations or other small parts of articles or books already published elsewhere are 
used in papers submitted to Autonomic Neuroscience: Basic & Clinical, the written 
permission of author and Publisher concerned must be included with the manuscript. 
In these cases, the original source must be indicated in the legend of the illustration. 
Special regulations for readers and authors in the USA regarding copying and 
copyright are to be found in the preliminary pages of each issue. 

Manuscript Preparation 
All manuscripts must be submitted through the online system 
at http://ees.elsevier.com/autneu/. Manuscripts mailed to the editorial office will not be 
processed. Registration is required if using the system for the first time. After 
accessing the web site click on the "Register" link located towards the middle of the 



 55

top of the screen. Detailed instructions are provided by clicking on the "Tutorial for 
Authors" link in the grey Author Information box in the upper right corner of the 
screen. The cover letter must contain a statement assuring that the material has not 
been published or is under active consideration by another journal. The authors must 
also indicate in the cover letter that the research was conducted in accordance with 
the Declaration of Helsinki and/or with the Guide for the Care and Use of Laboratory 
Animals as adopted and promulgated by the United States National Institutes of 
Health. 

The author should select a set of classifications from a list, and a category 
designation for their manuscript (original article, letter to the editor, short 
communication, etc.). Details of five reviewers that are required with a submission 
can be provided in the comments box or at a later stage when uploading the files for 
submission. 

Authors may send queries concerning the submission process, manuscript status, or 
journal procedures to the Editorial Office (autneu@elsevier.com). Once the uploading 
is done, the system automatically generates an electronic (PDF) proof, which is then 
used for reviewing. All correspondence, including the Editor's decision and request 
for revisions, will be by e-mail. 

The Title of the paper should be as concise, clear and as informative as possible, it 
should not contain abbreviations and should not exceed 120 letters and spaces; it 
should be free of unusual typographical characters so that it will not be too difficult for 
other authors to type it and retrieve it. The Abstract should summarize the results 
obtained and the major conclusions in such a way that a reader not familiar with the 
particular area of work can understand the implications of the work. The Abstract 
should not exceed one twentieth of the length of the manuscript. Full-length papers 
should normally be divided into the following headings: Introduction, Materials and 
Methods, Results, Discussion (and Conclusions), (Acknowledgements) and 
References. Abbreviations should be used sparingly and should be avoided in the 
Abstract. 

Rapid communications 
Reports on exciting new results within the scope of the journal can be submitted for 
publication in the rapid communications section. A rapid communication should not 
exceed 700 words and should contain at most one simple table or figure. A maximum 
of 8 references may be used. The manuscript should be arranged in the following 
order: title (not exceeding 100 characters including spaces between words); 
surname(s) of author(s), preceded by one name spelled out in full; name and address 
of the establishment where the work was done (all on 1 page); abstract (max. 75 
words) and keywords (indexing terms, max. 3 items); text without subheadings; 
acknowledgement(s); references; figure legend and figure or table. Name, full postal 
address, telephone, fax numbers and e-mail address of the author to whom 
correspondence is to be sent should be mentioned on the title page. Rapid 
communications have priority at the editorial office and publisher. 

Short communications 
Short communications should be prepared as rapid communications but should not 
exceed four pages in print (approx. 2000-3000 words including abstract, captions and 
references). A maximum of 2 illustrations (figures and tables) is allowed. An abstract 
of not more than 100 words should be provided and 3-6 keywords should be listed 
immediately below the abstract. 
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Clinical reports 
Clinical reports should be prepared as Short communications. 

Literature References 
Citations in the text should be given in parentheses at the appropriate place by 
author(s) name(s) followed by the year in chronological order according to the 
Harvard system (Paintal, 1973; Birdsall et al., 1980). With more than two authors, 
name only the first followed by "et al." (Birdsall et al., 1980). When two or more 
papers by the same author(s) appear in one year, distinguish them by a, b, etc. after 
the date. 

The Reference List 
The reference list should be submitted in double spacing. It should be arranged in 
alphabetical order of the first author's name. If the first author's name appears more 
than once, the order is as follows: (1) single author: chronological sequence; (2) 
author and co-author: alphabetically according to co-author; (3) author and more than 
one co-author: chronological sequence (as in the text these will be referred to as "et 
al."). Reference must be complete including, in this order: author's name, initials, year 
of publication, title of article, title of the journal, volume, first and last page number of 
the article cited. Title abbreviations should conform to those adopted by List of Serial 
Title Word Abbreviations (available from International Serial data System, 20 Rue 
Bachaumont, 75002 Paris, France, ISBN 2-904938-02-8). 

Examples: Paintal, A.S., 1973. Vagal sensory receptors and their reflex effects. 
Physiol. Rev. 53, 159-227. Birdsall, N.J.M., Hulme, B.C., Hamner, R., Stockton, J.R., 
1980. Subclasses of muscarinic receptors. In: Yamamura, H.I., Olsen, R.W., Usdin, 
E. (Eds.), Psychopharmacology and Biochemistry of Transmitters and Receptors. 
Elsevier, Amsterdam, pp. 97-100. Leiblich, I., 1982. Genetics of the Brain. Elsevier, 
Amsterdam, 492 pp. 

Unpublished experiments may be mentioned only in the text. They must not be 
included in the list of References. Papers which have been accepted for publication 
but which have not appeared may be quoted in the reference list as "in press". 
Personal communications may be used only when written authorization from the 
investigator is submitted with the manuscript. They must not be included in the list of 
references. All references listed should be referred to in the text and vice versa. 

Figures  
Figures of good quality should be submitted online as a separate file. The lettering 
should be large enough to permit photographic reduction. Legends should be typed 
together on a separate page in the electronic manuscript. If a figure cannot be 
submitted online, a hardcopy may be sent; please contact the Editorial Office 
(autneu@elsevier.com) for further instructions. 
 
Colour illustrations must be approved by the editors and the extra costs of colour 
reproduction will be charged to the author(s). 

If, together with your accepted article, you submit usable colour figures then Elsevier 
will ensure, at no additional charge, that these figures will appear in colour on the web 
(e.g. ScienceDirect and other sites) regardless of whether or not these illustrations 
are reproduced in colour in the printed version. For colour reproduction in print, a 
limited number of colour figures may be printed in the journal without cost, at the 
discretion of the Editor, who will make the judgement based on the academic 
necessity of the colour illustrations. For further information on the preparation of the 
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electronic artwork, please see 
http://www.elsevier.com/locate/authorartwork. 

Each illustration should be numbered in Arabic numerals (Fig. 1, Fig. 2, etc.) An 
illustration, together with its legend, should be understandable with minimal reference 
to the text.a. All illustrations should be designed to fit either a single column (7 cm) or 
the full text width (16 cm). 
b. Line drawings should normally be about twice the final size. Symbols should be 
used sparingly and direct labelling with an explicative term or abbreviation is 
preferred. All symbols and lettering should be large enough to permit reduction. 
c. Micrographs. These should be submitted in a form suitable for direct reproduction 
without reduction. The maximum space available for micrographs is 16x19 cm. 
Micrographs should by carefully cropped, to leave out areas of low information 
content, and they should be grouped and arranged to optimize the available space. 
They should be separated by gutters of 2-3 mm and be directly labelled. Micrographs 
must have a calibration bar. Illustrations and legends should not be placed sideways. 

Tables  
Tables should be submitted online as a separate file and should bear a short 
descriptive title. Legends for each table should appear on the same page as the 
table. All tables must be numbered consecutively in Arabic numerals and cited in the 
text. Titles should be brief but descriptive. Tables should not have vertical lines, and 
horizontal lines must be kept to a minimum. Tables should be prepared for use in a 
single column (8.4 cm wide) or be of page width (17.6 cm).  
(a) Each table should have a brief explanatory heading and sufficient experimental 
detail (following the table body as a footnote) so as to be intelligible without reference 
to the text.  
(b) Tables should not duplicate material in text or illustrations 
(c) Short or abbreviated column headings should be used and if necessary, explained 
in footnotes, and indicated as a,b,c, etc.  
(d) Statistical measures of variation, S.D., S.E., M., etc. should be identified. 

Changes to authorship 
This policy concerns the addition, deletion, or rearrangement of author names in the 
authorship of accepted manuscripts: Before the accepted manuscript is published in 
an online issue: Requests to add or remove an author, or to rearrange the author 
names, must be sent to the Journal Manager from the corresponding author of the 
accepted manuscript and must include: (a) the reason the name should be added or 
removed, or the author names rearranged and (b) written confirmation (e-mail, fax, 
letter) from all authors that they agree with the addition, removal or rearrangement. In 
the case of addition or removal of authors, this includes confirmation from the author 
being added or removed. Requests that are not sent by the corresponding author will 
be forwarded by the Journal Manager to the corresponding author, who must follow 
the procedure as described above. Note that: (1) Journal Managers will inform the 
Journal Editors of any such requests and (2) publication of the accepted manuscript 
in an online issue is suspended until authorship has been agreed. After the accepted 
manuscript is published in an online issue: Any requests to add, delete, or rearrange 
author names in an article published in an online issue will follow the same policies as 
noted above and result in a corrigendum. 

Funding body agreements and policies  
Elsevier has established agreements and developed policies to allow authors whose 
articles appear in journals published by Elsevier, to comply with potential manuscript 
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archiving requirements as specified as conditions of their grant awards. To learn 
more about existing agreements and policies please 
visithttp://www.elsevier.com/fundingbodies 

Preparation of Supplementary Material  
Elsevier now accepts electronic supplementary material to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to 
publish supporting applications, movies, animation sequences, high-resolution 
images, background datasets, sound clips and more. Supplementary files supplied 
will be published online alongside the electronic version of your article in Elsevier web 
products, including ScienceDirect: http://www.sciencedirect.com. In order to ensure 
that your submitted material is directly usable, please ensure that data is provided in 
one of our recommended file formats. Authors should submit the material in electronic 
format together with the article and supply a concise and descriptive caption for each 
file. For more detailed instructions please visit http://www.elsevier.com/authors. 

Proofs  
One set of page proofs in PDF format will be sent by e-mail to the corresponding 
Author (if we do not have an e-mail address then paper proofs will be sent by post). 
Elsevier now sends PDF proofs which can be annotated; for this you will need to 
download Adobe Reader version 7 available free 
fromhttp://www.adobe.com/products/acrobat/readstep2.html. Instructions on how to 
annotate PDF files will accompany the proofs. 

If you do not wish to use the PDF annotations function, you may list the corrections 
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list 
your corrections quoting line number. If, for any reason, this is not possible, then 
mark the corrections and any other comments (including replies to the Query Form) 
on a printout of your proof and return by fax, or scan the pages and e-mail, or by post. 
Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as 
accepted for publication will only be considered at this stage with permission from the 
Editor. We will do everything possible to get your article published quickly and 
accurately. Therefore, it is important to ensure that all of your corrections are sent 
back to us in one communication within 48 hours: please check carefully before 
replying, as inclusion of any subsequent corrections cannot be guaranteed. 
Proofreading is solely your responsibility. Note that Elsevier may proceed with the 
publication of your article if no response is received. 

Offprints  
The corresponding author, at no cost, will be provided with a PDF file of the article via 
e-mail. The PDF file is a watermarked version of the published article and includes a 
cover sheet with the journal cover image and a disclaimer outlining the terms and 
conditions of use. 

Page charge  
There will be no page charge. 

For complete up-to-date addresses of Editors please check the link to Editorial Board 
at the beginning of these instructions."0") have been used properly, and format your 
article (tabs, indents, etc.) consistently. Characters not available on your word 
processor (Greek letters, mathematical symbols, etc.) should not be left open but 
indicated by a unique code (e.g., Gralpha, #, etc., for the Greek letter &agr;). Such 
codes should be used consistently throughout the entire text. Please make a list of 
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such codes and provide a key. Do not allow your word processor to introduce word 
splits and do not use a justified layout. Please adhere strictly to the general 
instructions on style/arrangement and, in particular, the reference style of the journal. 
Further information may be obtained from the Publisher. 

Literature References 
Citations in the text should be given in parentheses at the appropriate place by 
author(s) name(s)followed by the year in chronological order according to the Harvard 
system (Paintal, 1973; Birdsall et al., 1980). With more than two authors, name only 
the first followed by "et al." (Birdsall et al., 1980). When two or more papers by the 
same author(s) appear in one year, distinguish them by a, b, etc. after the date. 

The Reference List should be typed in double spacing. It should be arranged in 
alphabetical order of the first author's name. If the first author's name appears more 
than once, the order is as follows: (1) single author: chronological sequence; (2) 
author and co-author: alphabetically according to co-author; (3) author and more than 
one co-author: chronological sequence (as in the text these will be referred to as "et 
al."). Reference must be complete including, in this order: author's name, initials, year 
of publication, title of article, title of the journal, volume, first and last page number of 
the article cited. Title abbreviations should conform to those adopted by List of Serial 
Title Word Abbreviations (available from International Serial data System, 20 Rue 
Bachaumont, 75002 Paris, France, ISBN 2-904938-02-8). 

Examples: 
Paintal, A.S., 1973. Vagal sensory receptors and their reflex effects. Physiol. Rev. 53, 
159-227. 
Birdsall, N.J.M., Hulme, B.C., Hamner, R., Stockton, J.R., 1980. Subclasses of 
muscarinic receptors. In: Yamamura, H.I., Olsen, R.W., Usdin, E. (Eds.), 
Psychopharmacology and Biochemistry of Transmitters and Receptors. Elsevier, 
Amsterdam, pp. 97-100. 
Leiblich, I., 1982. Genetics of the Brain. Elsevier, Amsterdam, 492 pp. 

Unpublished experiments may be mentioned only in the text. They must not be 
included in the list of References. Papers which have been accepted for publication 
but which have not appeared may be quoted in the reference list as "in press". 
Personal communications may be used only when written authorization from the 
investigator is submitted with the manuscript. They must not be included in the list of 
references. All references listed should be referred to in the text and vice versa. 

Illustrations 
Each illustration should bear the author's name and be numbered in Arabic numerals 
(Fig. 1, Fig. 2, etc.), must be referred to in the text and should be accompanied by a 
legend (typed with double spacing on separate pages). An illustration, together with 
its legend, should be understandable with minimal reference to the text. 
a. All illustrations should be designed to fit either a single column (7 cm) or the full 
text width (16 cm). 
b. Line drawings: these should be drawn in Indian ink on white card, drawing or 
tracing paper or be quality black and white prints. Line drawings should normally be 
about twice the final size. Symbols should be used sparingly and direct labelling with 
an explicative term or abbreviation is preferred. All symbols and lettering should be 
large enough to permit reduction. 
c. Micrographs. These should be mounted on thin cardboard and submitted in a form 
suitable for direct reproduction without reduction. The maximum space available for 
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micrographs is 16×19 cm. Micrographs should by carefully cropped, to leave out 
areas of low information content, and they should be grouped and arranged to 
optimize the available space. They should be separated by gutters of 2-3 mm and be 
directly labelled by the author with Letraset or similar lettering aids. Micrographs must 
have a calibration bar. Illustrations and legends should not be placed sideways. The 
original manuscript should be accompanied by a set of illustrations marked "For 
Printer". In the 4 copies of the paper, the illustrations should be original photographs 
or good quality photocopies. (Xerox copies are not acceptable. 
d. Specific requests for reproduction of illustrations for a particular size (e.g. ×100%) 
should be mentioned on the reverse side of the figure. 
e. Colour illustrations must be approved by the editors and the extra costs of colour 
reproduction will be charged to the author(s). 

If, together with your accepted article, you submit usable colour figures then Elsevier 
will ensure, at no additional charge, that these figures will appear in colour on the web 
(e.g. ScienceDirect and other sites) regardless of whether or not these illustrations 
are reproduced in colour in the printed version. For colour reproduction in print, a 
limited number of colour figures may be printed in the journal without cost, at the 
discretion of the Editor, who will make the judgement based on the academic 
necessity of the colour illustrations. For further information on the preparation of the 
electronic artwork, please see http://www.elsevier.com/locate/authorartwork 

Tables 
Tables of numerical data should be typed/printed out (double spacing) on a separate 
page, numbered in sequence in Arabic numerals (Table 1, 2, etc.), provided with a 
heading and referred to in the text as Table 1, 2, etc. 

Preparation of Supplementary Material 

Elsevier now accepts electronic supplementary material to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to 
publish supporting applications, movies, animation sequences, high-resolution 
images, background datasets, sound clips and more. Supplementary files supplied 
will be published online alongside the electronic version of your article in Elsevier web 
products, including ScienceDirect: http://www.sciencedirect.com. In order to ensure 
that your submitted material is directly usable, please ensure that data is provided in 
one of our recommended file formats. Authors should submit the material in electronic 
format together with the article and supply a concise and descriptive caption for each 
file. For more detailed instructions please visit our Author Gateway at 
http://authors.elsevier.com 

Supplementary files can be submitted on disk; these files can be stored on 3.5 inch 
diskette, ZIP-disk, or CD (either MS-Windows or Macintosh). 

Proofs 
Authors should keep a copy of their manuscript as proofs will be sent to them without 
the manuscript. Proofs will be drawn on lower-quality paper. Only printer's errors may 
be corrected (clearly marked in the text with red pen and clarified in the margin), no 
changes in, or additions to, the edited manuscript will be allowed at this stage. For 
Rapid Communications, in the interest of speed no proofs will be sent to the authors; 
proofreading will be undertaken by the Publisher. 
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E-Offprints Autonomic Neuroscience: Basic and Clinical offers e-offprints only. The 
author will receive an acknowledgement letter with an offprint Form highlighting this 
change. Free paper offprints are no longer sent to the author. 

Page charge There will be no page charge. 

For complete up-to-date addresses of Editors please check the link to Editorial Board 
at the beginning of these instructions. 

http://authors.elsevier.com 
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Anexo 2 

Termo de Consentimento Livre e Esclarecido 

 
Você está sendo convidado a participar, como voluntário, em uma pesquisa, que se intitula: 

“EFEITO AGUDO DA INGESTAO DE CHOCOLATE AMARGO NA MODULAÇÃO DO SISTEMA 
NERVOSO SIMPÁTICO E PARASIMPÁTICO”. 
 
Orientadora do projeto: Profa Katya Rigatto 
Telefones para contato: (051) 3303-8753 ou 8115-0246 
Mestranda: Ana Amélia Duarte 
Telefones para contato: (051) 91085534 ou 85548558 
Telefones do comitê de ética para contato: (051) 3303-8804 
 

Antes de assinar o consentimento para a sua participação, por favor, leia com atenção as 
informações abaixo.  Aproveite para esclarecer todas as dúvidas com o pesquisador que lhe 
apresentou o estudo. Queremos deixar claro que, caso você decida não participar, não haverá 
prejuízo no seu atendimento. 
 

Esta pesquisa faz parte da dissertação de Mestrado do Programa de Pós Graduação de 
Ciências da Saúde da Universidade Federal de Ciências da Saúde de Porto Alegre (UFCSPA), na 
qual você esta sendo convidado a participar desse estudo, que tem por objetivo avaliar o efeito da 
ingestão aguda de chocolate amargo no controle do sistema nervoso simpático e parassimpático de 
indivíduos saudáveis. Dessa forma estaremos conhecendo outros possíveis mecanismos de ação das 
substâncias presentes no chocolate amargo o que contribui para a saúde cardiovascular. 
 

Se aceitar participar deste estudo, será realizado um exame de eletrocardiograma (ECG), para 
obtenção de informações que serão utilizadas para o nosso estudo. Este exame será realizado no 
laboratório de fisiologia da UFCSPA, o qual fica no prédio principal desta Universidade. Será realizado 
o ECG pré e outro ECG 1 hora após a ingestão do chocolate amargo. Verificaremos sua pressão 
arterial e seus dados para avaliação nutricional, como o peso, atura e circunferência abdominal. 
 

O ECG é um exame não-invasivo que permite a avaliação elétrica do coração através de 
eletrodos conectados à pele do paciente. Ele não apresenta riscos à saúde. 
 

Este estudo não trará nenhum tipo de risco ou prejuízo a sua saúde. Os participantes não serão 
lesados nem sofrerão de desconforto. Os procedimentos são simples e garantimos que os dados 
coletados serão mantidos em sigilo e sua identidade não será revelada. Ainda assim, você poderá 
retirar seu consentimento a qualquer momento, ligando para qualquer um dos telefones acima. 
O Senhor (a) concorda em participar? 
  
Declaro que me foram dadas às informações descritas acima e que concordo em participar do estudo. 
 
-------------------------------------------      Local e Data:  ____________  _ / _ _ / _ _       
Nome do Participante 
                        
------------------------------------------             ------------------------------------------ 
Fone para contato                                   Assinatura do mestrando 
 
-------------------------------------------             -------------------------------------------     
Testemunha                                              Assinatura do Orientador 
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Anexo 3: 

 


