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No Norte cultivado, 
No Sul estudado. 

Sucesso em Maués e suas comunidades 
Impressiona por suas propriedades: 

 
Tem teobromina, tem! 

Tem teofilina, tem! 
Têm catequinas, também têm! 

 
E de tanta cafeína 

Até o café se humilha 
Frente a esse fruto misterioso 

Oh Guaraná Majestoso! 
 

 
Guaraná Majestoso, de Eliza Ribas da Silveira Flôres. 
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I. Lista de abreviaturas  

 

ANVISA: Agência Nacional de Vigilância Sanitária.  

ATCC: American Tissue Cell Culture. 

Ca= Carcinoma Papilífero. 

CTT: Carcinoma de Células Transicionais  

DCFH-DA: Diacetato de 2 '-7'-diclorofluoresceína.  

DNA: Ácido Desoxirribonucléico. 

dsDNA: dupla fita de DNA. 

EGCG: Epigalocatequina-3-galato. 

MTT: brometo de 3-(4,5-dimetiltiazol-2yl)-difeniltetrazólio. 

NUPBPM: Neoplasia Urotelial Papilífera de Baixo Potencial de Malignidade  

OMS: Organização Mundial da Saúde. 

ROS: Espécies Reativas de Oxigênio. 

SIPU: Sociedade Internacional de Patologia Urológica.  

SUS: Sistema Único de Saúde. 
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II. Resumo 

 

Introdução: Vários estudos têm indicado que compostos bioativos presentes 

em frutos e vegetais possuem atividade anticarcinogênica. Este é o caso das 

catequinas e cafeínas que são encontradas em alimentos como o chá verde, o 

café e o chocolate. Tais componentes também foram previamente identificados 

no guaraná [Paullinia cupana var. sorbilis (Mart.)]. Investigações in vitro 

mostraram que o extrato de guaraná, uma fruta amazônica rica em cafeína, 

tem atividade antitumoral em células de melanoma e no câncer hepático. 

Entretanto, se tal planta age sobre outras neoplasias como é o caso do câncer 

de bexiga ainda é uma questão a ser elucidada. Objetivo: avaliar o possível 

efeito anticarcinogênico do extrato de Paulinia cupana em linhagem T24 de 

células do câncer de bexiga. Material e métodos: células T24 foram expostas 

a diferentes concentrações de guaraná (3,8-30.000 µg/mL) para avaliar o efeito 

sobre a viabilidade e a taxa proliferativa com os quimioterápicos metotrexato, 

cisplatina e gencitabina como controles positivos. O efeito sobre a apoptose 

também foi avaliado a partir da quantificação de caspases (1, 3 e 8). Também 

foram avaliadas as espécies reativas de oxigênio (ROS) frente a esse extrato. 

Resultados: semelhante aos quimioterápicos, o guaraná apresentou um efeito 

hermético em células T24. Nas concentrações mais baixas do guaraná, ocorreu 

uma diminuição da viabilidade e da proliferação celular, e um aumento da 

atividade das caspases 1, 3 e 8 e dos níveis de ROS. Já nas concentrações 

mais elevadas do guaraná ocorreu justamente o contrário. Conclusão: os 

resultados descritos aqui sugerem que alimentos ricos em metilxantinas e 

cafeína como o guaraná poderiam apresentar um duplo efeito. 
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1. INTRODUÇÃO 

 

1.1 Compostos Bioativos 

 Muitos compostos bioativos encontrados nos alimentos são 

responsáveis por efeitos benéficos aos indivíduos que os consomem. É 

crescente a procura investigativa pelo entendimento da atuação desses 

compostos no tratamento e prevenção de diversas doenças, entre elas 

destaca-se o câncer, doença que tem se tornado cada vez mais popular pela 

sua alta incidência.  

 Estudos epigenéticos têm demonstrado que compostos bioativos da 

dieta exercem efeitos anticâncer como é o caso da vitamina D3 que pode ter 

sua atividade parcialmente ligada a atuar como um agente quimiopreventivo e 

anticarcinogênico (Dace e cols., 1997; Guy e cols., 2004; Palmer e cols., 2003). 

Alguns polifenóis como as catequinas muito frequente em chás como no chá 

verde [catequina, epicatequina, (-)-epigalocatequina-3-galato (EGCG)] e os 

polifenóis do café (ácido clorogênico) também constituem uma excelente 

abordagem na prevenção do câncer e potencialmente na terapia anticâncer 

(Mittal e cols., 2003; Lu e cols., 2006; Fang e cols., 2007). 

 

1.2 Paullinia cupana var. sorbilis (Mart.)  

 

O guaraná [Paullinia cupana var. sorbilis (Mart.)] tem origem amazônica, 

sendo cultivada principalmente na região de Maués, cidade conhecida como 

 A semente do guaraná é a parte utilizável do fruto dando 
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origem a um pó produzido através de processo de torrefação e moagem 

(Henman, 1982; Correia, 1984). Esse produto é consumido como um 

suplemento alimentar aprovado pelo Ministério da Saúde através da Agência 

Nacional de Vigilância Sanitária (ANVISA). 

 Amplamente conhecido no contexto de medicina popular, essa planta 

tem despertado a curiosidade de pesquisadores nas últimas décadas devido a 

suas propriedades. 

  

1.2.1 Propriedades 

 O guaraná apresenta compostos bioativos como as metilxantinas e as 

catequinas, dentre as metilxantinas está presente à cafeína, a teobromina e a 

teofilina (Antonelli-ushirobira e cols., 2004).   

 A cafeína encontrada em 63 diferentes espécies de plantas está 

presente no guaraná três vezes mais do que no café, a qual é totalmente 

absorvida no trato intestinal sendo distribuída para todos os tecidos corporais 

uma vez que tem a capacidade de cruzar a barreira hemato-encefálica, 

testicular e barreira placentária (Tfouni e cols., 2007, Andrews e cols., 2007).  É 

uma substância psicoativa mais usada no mundo, pois atua no sistema nervoso 

central, aumentando a vigilância e a pressão arterial (Mitchell e cols., 2011).  

 A teofilina encontrada principalmente no chá permite relaxamento da 

musculatura lisa dos brônquios, estimulação do sistema nervoso central, do 

músculo cardíaco e diurese. Já a teobromina apresenta atividade 

vasodilatadora, sendo utilizada como antiasmático e cardioestimulante 

(Belliardo e cols., 1985; Salvadore e cols., 1994). Além desses compostos, o 
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guaraná também apresenta teofilina, epicatequinas, taninos, catequinas, 

saponinas, pró-antocianinas e outros compostos (Salvadore e cols., 1994; 

Carlson e Tompson, 1998). 

 Dessa forma, a suplementação com guaraná age farmacologicamente 

sobre a modulação dos metabolismos: energético (Smith e Atroch, 2007), 

oxidativo-vascular, inflamatório, lipídico-glicêmico (Fukumasu e cols., 2008) e 

plaquetário (Bydlowski e cols., 1988).  

Pelo fato de o guaraná apresentar essas propriedades, o mesmo vem 

sendo utilizado como afrodisíaco, antitérmico, analgésico e antidiarréico 

(Antonelli-ushirobira e cols., 2004).  

 Estudos prévios têm relatado o potencial antioxidante do guaraná (Mattei 

e cols., 1998; Basile e cols., 2005; Jimoh e cols., 2007). De acordo com o 

estudo de Basile e cols. (2005) o guaraná possui efeitos antioxidantes, já que 

diminui a peroxidação lipídica causada por agentes pró-oxidantes.  

 

 1.2.2 Guaraná e câncer 

Poucos são os estudos que relacionam extratos da planta popularmente 

conhecida como guaraná [Paullinia cupana var. sorbilis (Mart.)] com algum tipo 

de neoplasia. Entretanto, cabe destacar os estudos de Fukumasu e 

colaboradores (2006a, 2006b, 2008, 2010) com suas pesquisas associando as 

propriedades do guaraná com algumas neoplasias.  

Nesses estudos são relatados tanto efeitos protetores (antimutagênicos 

e antitumorais) do guaraná frente ao dano no DNA (Fukumaso e cols., 2006a), 

como a efeitos quimiopreventivos em fígados de ratos com 
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hepatocarcinogenese (Fukumasu e cols., 2006b). Posteriormente, foram 

identificados efeitos anticarcinogênicos através do bloqueio do crescimento de 

células tumorais de melanoma de pulmão (Fukumasu et al., 2008). Mais 

recentemente o guaraná foi identificado como um composto potencialmente 

terapêutico anticarcinogênico (Fukumasu e cols., 2010). 

O guaraná também foi associado com a melhora da fadiga em pacientes 

com quadro de câncer de mama submetidos à quimioterapia sistêmica, visto 

que é um problema comum que pode impactar negativamente a qualidade de 

vida das pacientes (De Oliveira e cols., 2011). 

Uma vez que o guaraná apresenta um conjunto de compostos ativos que 

podem ter efeitos antineoplásicos, investigações sobre este tema são de 

fundamental importância ainda mais em neoplasias que agravam o sistema de 

saúde como o câncer de bexiga. 

 

1.3 Câncer de bexiga 

 1.3.1 Epidemiologia 

 O tumor de bexiga é uma das neoplasias mais comuns no mundo já 

ocupando o nono lugar de câncer mais comumente diagnosticado com alta 

taxa de incidência em países desenvolvidos e com uma maior 

representatividade em pessoas do gênero masculino (Ploeg e cols., 2009). Nos 

EUA, o câncer de bexiga é o quarto tumor de maior incidência em homens, 

sendo a nona causa de mortalidade por câncer em pessoas desse gênero, e o 

nono tumor de maior incidência em mulheres (Jemal e cols., 2005). Realidade 

semelhante é observada em outros países como no Brasil, onde se estima que 
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em 2012 surjam 8.900 casos novos de câncer de bexiga, sendo 6.210 em 

homens e 2.690 em mulheres, segundo dados do Instituto Nacional do Câncer 

(INCA). O Estado do Rio Grande do Sul tem uma taxa bruta estimada em 10,29 

casos para cada 100 mil homens e de 3,76 casos para cada 100 mil mulheres. 

Já na capital, Porto Alegre, esse número passa para 16,40 em homens e 6,04 

em mulheres, segundo o INCA. 

 Esses dados corroboram com o fato que, devido à alta incidência e 

complexidade no tratamento, são grandes os custos envolvidos com essa 

 Essa condição é agravada devido ao 

grande número de recidivas, que acontecem em 43% nos portadores de 

tumores únicos e 73% nos portadores de tumores múltiplos sendo que 

pacientes com câncer de bexiga superficial recidivam de 50-75% no primeiro 

ano (Lopes e cols., 2013). Esse quadro de recidivas frequentes é responsável 

por onerar o Sistema Único de Saúde (SUS). 

 

 1.3.2 Fatores de risco e classificação 

 Alguns fatores de risco estão associados ao aparecimento desse tipo de 

neoplasia como gênero (masculino), idade, tipo de trabalho e o tabagismo que 

possui uma importante influência na ocorrência desse tipo de câncer (Kiriluk e 

cols., 2012), principalmente em homens onde se estima que o fumo esteja 

associado em 50% a 65% dos casos, enquanto para mulheres é de 20-30% 

(IARC, 2004 ). Além disso, são encontradas neoplasias 

secundárias como consequência de radioterapia pélvica e quimioterapia com 
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agentes irritantes à bexiga como a ciclofosfamida (Kumar e cols., 2008; 

Guimarães e Rosa, 2008). 

 Em decorrência desses fatores de risco, os tumores de bexiga podem 

variar de neoplasias epiteliais benignas que produzem projeções digitiformes 

ou verrucosas visíveis micro ou macroscopicamente, os papilomas, até 

tumores invasivos e metastáticos (Wood e cols., 2012). A camada mais interna 

que reveste o sistema urinário é o urotélio onde mais de 90% dos carcinomas 

de células transicionais são originados (Piazza e cols., 2001; Guimarães e 

Rosa, 2008; Guimarães, 2008; Kumar e Stricker, 2010). Apenas 5% dos 

tumores de bexiga são carcinomas de células escamosas (Kumar e cols., 

2008) e 2% são adenocarcinomas (Guimarães, 2008). O estágio clínico dessa 

neoplasia é determinado pelo grau de invasividade, considerando o 

comprometimento de nódulos linfáticos regionais e a presença de metástases. 

De maneira geral, o câncer de bexiga pode ser classificado em três 

tipos: carcinoma de células de transição (maioria dos casos e começa nas 

células do tecido mais interno da bexiga); carcinoma de células escamosas 

(afetam as células delgadas e planas que podem surgir na bexiga depois de 

infecção ou irritação prolongadas) e adenocarcinoma (que se inicia nas células 

glandulares e podem se formar na bexiga depois de um longo tempo de 

irritação ou inflamação). 

Em 2004 foi proposto pela Sociedade Internacional de Patologia 

Urológica (SIPU) um novo sistema de classificação das neoplasias uroteliais 

(OMS, 2004) substituindo o sistema de classificação de 1973. A principal 

diferença nesse sistema consiste no agrupamento dos tumores ficando o grau I 
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como carcinoma urotelial papilífero de baixo grau e os graus 2 e 3 como 

carcinoma papilífero de alto grau (Figura 1). 

Figura 1: Comparação entre os sistemas de classificação de neoplasias 

uroteliais da Organização Mundial da Saúde, 1973 vs 2004. CTT= carcinoma 

de células transicionais, G= grau, NUPBPM = neoplasia urotelial papilífera de 

2013). 

 

Os tumores que surgem na bexiga urinária são classificados segundo o 

sistema TNM (Tumor, Nodo, Metástase) (Brasil, 2004) da American Joint 

Committee on Cancer (AJCC) (Figura 2, Tabela 1). 
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Figura 2: Classificação TNM (Pompeo e cols., 2007).
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Tabela 1: Classificação TNM 2004. 

Classificação TNM 

T Tumor Primário 
Tx O tumor primário não pode ser avaliado 
T0 Não há evidência de tumor primário 
Ta Carcinoma papilífero não invasivo 
Tis Carcinoma in situ: tumor plano 
T1 Tumor que invade o tecido conjuntivo sub-epitelial 
T2 Tumor que invade o músculo 

  T2a Tumor que invade a musculatura superficial (metade interna) 
  T2b Tumor que invade a musculatura profunda (metade externa) 

T3 Tumor que invade tecido perivesical 
  T3a Microscopicamente 
 T3b Macroscopicamente (massa extravesical) 
T4 Tumor que invade qualquer uma das seguintes estruturas: próstata, 

útero, vagina, parede pélvica ou parede abdominal 
  T4a Tumor que invade próstata, útero ou vagina 
  T4b Tumor que invade parede pélvica ou parede abdominal 

N Linfonodos Regionais 
Nx Os linfonodos regionais não podem ser avaliados 
N0 Ausência de metástase em linfonodo regional 
N1 Metástase, em um único linfonodo, com 2cm ou menos em sua 

maior dimensão 
N2 Metástase, em um único linfonodo, com mas de 2cm até 5cm em 

sua maior dimensão, ou em múltiplos linfonodos, nenhum com mais 
de 5cm em sua maior dimensão 

N3 Metástase em linfonodo com mais de 5cm em sua maior dimensão 
M Metástase à distância 

MX A presença de metástase à distância não pode ser avaliada 
M0 Ausência de metástase à distância 
M1 Metástase à distância 

  

 

 1.3.3 Cultura de células em câncer 

 O uso de linhagens para o cultivo celular tem sido amplamente utilizado 

em diversas pesquisas facilitando análises de propriedades biológicas e de 

processos biológicos que dificilmente poderiam ser realizados in vivo. Nesse 
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âmbito, destacam-se os estudos realizados com linhagens celulares 

neoplásicas, uma vez que são as principais ferramentas para estudos do 

câncer. 

 A partir de linhagens neoplásicas é possível compreender melhor sobre 

a carcinogênese, angiogênese e sobre a expressão gênica das células 

neoplásicas (Ross e Perou, 2001; Yamori, 2003; Kim e cols., 2004). Isso é 

fundamental no entendimento dos eventos biológicos das neoplasias.  

O American Tissue Cell Culture (ATCC) é o principal banco privado de 

recursos biológicos que viabiliza a aquisição, autenticação, produção e 

desenvolvimento de linhagens celulares. Esse banco mantém cerca de 4.000 

linhas de células que são de valor inestimável para a pesquisa em saúde 

pública, incluindo modelos de câncer, como HeLa, MCF7, HT29, entre outras.  

No caso do câncer de bexiga, utiliza-se a linhagem T24 que é derivada 

de um tumor de grau 3 (T3, tumor que invade o tecido perivesical, segundo o 

sistema TNM), pouco diferenciada e com alta invasividade. Essas 

características possibilitam que a linhagem T24 seja usada como modelo de 

tumor invasivo de bexiga (Kim e cols., 2004; Ashfaque e cols., 2005). 

 

1.4 Justificativa 

Frente ao crescente avanço das neoplasias em nosso país busca-se 

cada vez mais novas fontes de tratamento, onde se destacam fontes exógenas 

provenientes da dieta. Nesse contexto insere-se o guaraná (Paullinia cupana) 

com um possível efeito antineoplásico em células de linhagem T24 podendo vir 

a contribuir na prevenção e tratamentos do câncer de bexiga. Destaca-se ainda 

a importância no estudo dessa neoplasia, uma vez que o câncer de bexiga é 



21 
 

uma das neoplasias que mais oneram o sistema de saúde devido as 

constantes recidivas. 

 

1.5 Referências Bibliográficas 

Antonelli-ushirobira TM, Yamaguti E, Uemura LM, Mello JCP. Controle de 
qualidade de amostras de Paullinia cupana H.B.K. var. sorbilis (Mart.) Ducke. 
Acta Farmaceutica Bonaerense. 2004;23(3):383-6. 
 
Andrews KW, Schweitzer A, Zhao C, Holden JM, Roseland JM, Brandt M, et al. 
The caffeine contents of dietary supplements commonly purchased in the US: 
analysis of 53 products with caffeine-containing ingredients. Anal Bioanal 
Chem. 2007 Sep;389(1):231-9. 
 
Basile A, Ferrara L, Pezzo MD, Mele G, Sorbo S, Bassi P, et al. Antibacterial 
and antioxidant activities of ethanol extract from Paullinia cupana Mart. J 
Ethnopharmacol. 2005 Oct;102(1):32-6. 
 
Belliardo F, Martelli A, Valle MG. HPLC determination of caffeine and 
theophylline in Paullinia cupana Kunth (guarana) and Cola spp. Samples. 
Lebensm Unters Forsch. 1985;180:398-401. 
 
Bittencourt LS, Machado DC, Machado MM, Dos Santos GFF, Algarve TD, 
Marinowic DR, et al. The protective effects of guaraná extract (Paullinia cupana) 
on fibroblast NIH-3T3 cells exposed to sodium nitroprusside. Food Chem 
Toxicol. 2013 Mar;53:119-25. 
 
BRASIL, Ministério da Saúde. TNM: classificação de tumores malignos. 6. ed. 
Rio de Janeiro: INCA; 2004. 
 
Bydlowski SP, Yunker RL, Subbiah MT. A novel property of an aqueous 
guaraná extract (Paullinia cupana): inhibition of platelet aggregation in vitro and 
in vivo. Braz J Med Biol Res. 1988;21(3):535-8. 
 
Carlson M, Thompson RD. Liquid chromatographic determination of 
methylxanthines and catechins in herbal preparations containing guaraná. 
AOAC International. 1998;81:691-701. 
 
Correia P. Dicionário das plantas úteis do Brasil. Rio de Janeiro: Imprensa 
Nacional; 1984. 
 
Dace A, Martin-el Yazidi C, Bonne J, Planells R, Torresani J. Calcitriol is a 
positive effector of adipose differentiation in the OB 17 cell line: relationship with 
the adipogenic action of triiodothyronine. Biochem Biophys Res Commun. 
1997;232:771-6. 
 



22 
 

, Crippa A, Srougi M. Câncer de bexiga. São Paulo: Santos; 2013. 
 
De Oliveira Campos MP, Riechelmann R, Martins LC, Hassan BJ, Casa FB, Del 
Giglio A. Guarana (Paullinia cupana) improves fatigue in breast cancer patients 
undergoing systemic chemotherapy. J Altern Complement Med. 2011;17:505-
12. 
 
Ellis EM. Reactive carbonyls and oxidative stress: potential for therapeutical 
intervention. Pharmacol. Ther. 2007 Jul;115(1):13-24. 
 
Esposti MD. Measuring mitochondrial reactive oxygen species. Methods. 
2002;26(4):335-40.  
 
Fang M, Chen D, Yang CS. Dietary polyphenols may affect DNA methylation. J 
Nutr. 2007;137:223S-8S. 
 
Fukumasu H, Avanzo JL, Heidor R, Silva TC, Atroch A, Moreno FS, et al. 
Protective effects of guarana (Paullinia cupana Mart. var. Sorbilis) against DEN-
induced DNA damage on mouse liver. Food Chem Toxicol Int J Publ Br Ind Biol 
Res Assoc. 2006a;44(6):862-7. 
 
Fukumasu H, Da Silva TC, Avanzo JL, De Lima CE, Mackowiak II, Atroch A, 
Moreno FS, et al. Chemopreventive effects of Paullinia cupana Mart var. 
sorbilis, the guaraná, on mouse hepatocarcinogenesis. Cancer Letters. 
2006b;233(1):158-64. 
 
Fukumasu H, Avanzo JL, Nagamine MK, Barbuto JA, Rao KV, Dagli ML. 
Paullinia cupana Mart var. sorbilis, guaraná, reduces cell proliferation and 
increases apoptosis of B16/F10 melanoma lung metastases in mice. Braz J 
Med Biol Res Rev Bras Pesqui Médicas e Biológicas Soc Bras Biofísica Al. 
2008;41(4):305-10. 
 
Fukumasu H, Latorre AO, Zaidan-Dagli ML. Paullinia cupana Mart. var. sorbilis, 
guarana, increases survival of Ehrlich ascites carcinoma (EAC) bearing mice by 
decreasing cyclin-D1 expression and inducing a G0/G1 cell cycle arrest in EAC 
cells. Phytother Res. No prelo 2010. 
 
Guimarães JLM, Rosa DC. Rotinas em oncologia. Porto Alegre: Artmed; 2008.  
 
Guimarães JRQ. Manual de oncologia. 3. ed. São Paulo: BBS; 2008. 
 
Guy M, Lowe LC, Bretherton-Watt D, Mansi JL, Peckitt C, Bliss J, et al. Vitamin 
D receptor gene polymorphisms and breast cancer risk. Clin Cancer Res. 
2004;10:5472-81. 
 
Henman A. Guarana (Paullinia cupana var. sorbilis): ecological and social 
perspectives on an economic plant of the central Amazon basin. J 
Ethnopharmacol. 1982;6:311-38. 
 



23 
 

IARC Working group on the evaluation of carcinogenic risks to humans. 
Tobacco smoke and involuntary smoking. IARC Monog Eval Carcinog Risks 
Hum. 2004;83:1-1438. 
 
Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor A, et al. Cancer 
statistics, 2005. CA Cancer J Clin. 2005;55:10-30.  
 
Jimoh FO, Sofidiya MO, Afolayan AJ. Antioxidant properties of the methanol 
extracts from the leaves of Paullinia pinnata. J Med Food. 2007;10:707-11. 
 

-dimensional in vitro tissue culture models of 
breast cancer  a review. Breast Cancer Res Treat. 2004;85:281-9. 
 
Kiriluk KJ, Prasad SM, Patel AR, et al. Bladder cancer risk from occupational 
and environmental exposures. Urol Oncol. 2012;30:199-211. 
 
Kumar V. Robbins patologia básica. 8. ed. São Paulo: Elsevier; 2008.  
 
Kumar V, Stricker TP. Neoplasia. In: Kumar V, Abbas AK, Fausto N, Aster J. 
Robbins and Cotran pathologic basis of disease. 8th ed. Philadelphia: 
Saunders/Elsevier; 2010. Chapter 7. 
 
Lopes A, Chammas R, Iyeyasu H. Oncologia para a graduação. 3. ed. São 
Paulo: Lemar; 2013.  
 
Lu Q, Qiu X, Hu N, Wen H, Su Y, Richardson BC. Epigenetics, disease, and 
therapeutic interventions. Ageing Res Rev. 2006;5:449-67. 
 
Mattei R, Dias RF, Espínola EB, Carlini EA, Barros SB. Guarana (Paullinia 
cupana): toxic behavioral effects in laboratory animals and antioxidant activity in 
vitro. Journal Ethnopharmacology. 1998;60(2):111-6. 
 
Mittal A, Piyathilake C, Hara Y, Katiyar SK. Exceptionally high protection of 

-epigallocatechin-3-gallate in 
hydrophilic cream in SKH-1 hairless mouse model: relationship to inhibition of 
UVB-induced global DNA hypomethylation. Neoplasia. 2003;5:555-65. 
 
Memon AA, Chang JW, Oh BR, Yoo YJ. Identification of differentially expressed 
proteins during human urinary bladder cancer progression. Cancer Detect Prev. 
2005 Jan;29(3):249-55.  
 
Palmer HG, Sanchez-Carbayo M, Ordonez-Moran P, Larriba MJ, Cordon-Cardo 
C, Munoz A. Genetic signatures of differentiation induced by 1alpha, 25-
dihydroxyvitamin D3 in human colon cancer cells. Cancer Res. 2003;63:7799-
806. 
 
Piazza GA, Thompson WJ, Pamukcu R, Alila HW, Whitehead CM, Liu L, et al. 
Exisulind, a novel proapoptotic drug, inhibits rat urinary bladder tumorigenesis. 
Cancer Res. 2001 May;61:3961-8. 
 



24 
 

Ross DT, Perou CM. A comparison of gene expression signatures from breast 
tumors and breast tissue derived cell lines. Dis Markers. 2001;17:99-109. 
 
Salvadori MC, Rieser EM, Ribeiro Neto LM, Nascimento ES. Determination of 
xanthines by high-performance liquid chromatography and thin-layer 
chromatography in horse urine after ingestion of Guaraná powder. Analyst. 
1994 Dec;119(12):2701-3. 
 
Santa Maria A, Lopez A, Diaz MM, Muñoz-Mingarro D, Pozuelo JM. Evaluation 
of the toxicity of guarana with in vitro bioassays. Ecotox Environ Safe. 
1998;39(3):164-7. 
 
Smith N, Atroch AL. Guarana's journey from regional tonic to aphrodisiac and 
global energy drink. Evid Based Complement Alternat Med. 2010 Sep;7(3):279-
82. 
 
Tfouni SAV, Camargo MCR, Vitorino SHP, Menegário TF, Toledo MCF. 
Contribution of guaraná powder (Paullinia cupana) as a source of caffeine in the 
diet. Rev Nutrição. 2007;20:63-8. 
 
Yamori T. Panel of human cancer cell lines provides valuable database for drug 
discovery and bioinformatics. Cancer Chemother Pharmacol. 2003;52:74-9. 

Wood Jr DP. Urothelial tumors of the bladder. In: Wein AJ, Kavoussi LR, Novick 
AC, et al. Campbell-Walsh urology. 10th ed. Philadelphia: Elsevier Saunders;  
2012. p. 2309-34. 
 
 



25 
 

2. OBJETIVOS 

 

2.1 Objetivo geral 

 

Avaliar o efeito do extrato de Paullinia cupana em células de câncer de 

bexiga (linhagem T24) comparando com quimioterápicos utilizados na 

terapêutica desta neoplasia. 

 

2.2 Objetivos específicos 

 

Em células comerciais de câncer de bexiga (linhagem T24) tratadas com 

extrato aquoso de Paullinia cupana: 

 

 Determinar a viabilidade das células de linhagem T24 submetidas a 

diferentes concentrações do extrato de Paullinia cupana; 

 Determinar a proliferação celular das células de linhagem T24 

submetidas a diferentes concentrações do extrato de Paullinia cupana; 

 Comparar o efeito anticarcinogênico com quimioterápicos utilizados na 

terapêutica do câncer de bexiga; 

 Investigar a ocorrência de indução da cascata apoptótica; 

 Investigar o efeito do extrato sobre a formação de Espécies Reativa de 

Oxigênio nas células T24. 
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ABSTRACT 

The potential effect of foods richest in caffeine on bladder carcinogenesis is not 

conclusive. For this reason, an in vitro study was performed to evaluate 

antitumoral activity of guaraná, an Amazon fruit commonly used in energy 

drinks. T24 bladder cancer cells were exposed to a broad range of guaraná 

concentrations and the chemotherapics methotrexate, cisplatin and gemcitabine 

used as positive controls to evaluate the effect on viability, proliferation, 

apoptosis and intracellular reactive oxygen species levels. Results showed that 

lowest guaraná concentrations decreased the cellular viability and proliferation. 

However, higher guaraná concentrations presented a procarcinogenic activity. 

The results described here suggest that guaraná extracts presented a dual 

effect on T24 bladder cells viability. Despite the methodological limitations (just 

in vitro protocols), we believe that the results presented here are relevant since 

suggest that consumption of food and beverage rich in caffeine and other 

bioactive molecules as guaraná present a cytotoxic effect against bladder 

cancer cells. 

 

. 

 

Key-words: Caffeine, catechins, T24, anticarcinogenic, chemotherapics.  
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Introduction 

Similar to green tea and coffee, guaraná (Paullinia cupana Kunth var. 

sorbilis, Mart. Ducke), an Amazonian fruit used to produce energetic beverages 

is very rich in caffeine and polyphenol molecules such as catechin and (-)-

epigallocatechin-3-gallate (EGCG) (Belliardo et al. 1985; Smith and Atroch 

2010; Schimpl et al. 2013).  Studies using in vitro models showed important 

biological effects of guaraná including antibacterial and antifungal activities 

(Basilea et al. 2013), cytoprotective effect of dopaminergic neuroblastoma SH-

SY5Y cell exposed to rotenone that is a neurotoxic molecule, (De Oliveira et al. 

2011) as well as in NH3-T3 embryonic fibroblast cells exposed to higher nitric 

oxide levels (Bittencourt et al. 2013).  Guaraná lower effect on LDL oxidation 

(Portella et al. 2013) as well as on peripheral blood mononuclear cells (PBMCs) 

proinflammatory cytokines (Montano et al. 2012) were also described.  

Antitumoral proprieties were also related to guaraná treatment of in vitro 

and in vivo experimental models (Fukumasu et al. 2006; Fukumasu et al. 2008; 

Fukumasu et al. 2011). This is the case of bladder cancer, which is common in 

men (Jemal et al. 2010) and it presents high recurrence rate (Wood 2012). 

Previous studies, as performed by Philips et al. (2009) described in vitro 

antitumor effect of green tea and its main polyphenol compounds in malignant 

bladder cell lines. On the other hand, some studies suggested that caffeine 

intake could be a risk factor of bladder cancer. However, data from case-control 

and cohort studies did not provide conclusive evidences (Zhou et al. 2012).  

Due to the epidemiological relevance, we performed here an in vitro 

study that evaluated the potential antitumor activity of guaraná extract against 

commercial T24 bladder cell line. The study evaluated potential guaraná effect 
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on cell viability and proliferation, comparing the results obtained from cells 

treated with guaraná extract to cells exposed to three chemotherapeutic drugs 

(methotrexate, cisplatin, and gemcitabine). These chemotherapic are commonly 

used in bladder cancer treatment. 

Material and methods 

Analytical reagents and chemicals 

Analytical grade chemicals and reagents were obtained from Sigma

Aldrich Chemical Co. (St. Louis, MO). The bladder cancer T24 cell line was 

obtained from American Type Culture Collection (ATCC®). The RPMI 1640 

medium culture, fetal bovine serum, heat-inactivated horse serum, penicillin, 

and streptomycin were purchased from Gibco (Grand Island,NY, USA); 

Vacutainer® by BD Diagnostics (Plymouth, UK) cytokines kits to ELISA 

immunoassay by Biomyx Technology (San Diego, CA, USA). 

Guaraná source and extract preparation 

Guaraná powder was supplied by EMBRAPA, Amazônia Ocidental 

(Agropecuary Research Brazilian Enterprise), a non-profit Brazilian 

governmental sector that offers technical support to guaraná production in the 

state of Amazonas. The bioactive compounds present in guaraná powder used 

in the study were previously determined and described at Bittencourt et al. 

(2013). The extract presented 12.240 mg/g of caffeine, 6.733 mg/g of 

theobromine, 4.336 mg/g total catechins. The concentration of condensed 

tannin was 16 mg/g. To perform the in vitro assay described here, the 

lyophilized extract was diluted with distilled water and prepared at a 

concentration of 200 mg/mL. The mixture was infused for 7 min by boiling, 
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centrifuging (1500 rpm, 15 min) and filtering. The solution was sterilized by 

concentrations of 3.8, 4.5, 6.0, 10, 30, 100, 300, 1000, 3000, 10000 and 30000 

 

Cell culture conditions 

The T24 cell line used as an experimental model was cultured in RPMI 

streptomycin, and 2mM L-glutamine at 37°C under a humidified 5% CO2 and 

95% air at one atmosphere. All assays were performed at least in triplicate with 

cells in exponential growth after adhesion to the bottom of the plates. To test 

guaraná anticarcinogenic effect, the T24 cells/well (2×105) were seeded into 

12-well plates for cell adherence with three wells for each concentration level. 

T24 cells were also exposed to three chemotherapy drugs used in bladder cell 

clinical therapy as positive controls: methotrexate, cisplatin and gemcitabine at 

chosen from a previous in vitro study that described antitumoral activity of these 

chemoteraphics on T24 bladder cancer cells (Yoon et al. 2011). 

Antitumoral assays 

Guaraná effect on cell viability was observed after a 24-hour exposition 

and the effect on cell proliferation was determined after a 72-hour exposition. 

Both analyses were made by using three methods: MTT [3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide] assay, lactate dehydrogenase (LDH) 

activity and double-strand DNA (dsDNA) concentration in the supernatant and 

into the cells. Briefly, MTT was dissolved in phosphate buffered saline at 5 
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mg/ml, and added to each well and incubated for 4 hours. To dissolve formazan 

absorbance at 570 nm was measured with a microplate reader. The cell viability 

observed in each treatment was expressed as a percentage of the control 

absorbance value. Since the MTT assay presents some limitations that can 

underestimated the anti-proliferative effects of extracts rich in polyphenols (dos 

Santos Montagner et al. 2010), before the analysis, the cells were centrifuged at 

3000 rpm for 3 minutes, the supernatant discarded and the cells were 

resuspended in PBS buffer (dos Santos Montagner et al. 2010). For the same 

reason, the analysis of LDH was determined. This is a soluble enzyme located 

in the cytosol that is released into the surrounding culture medium upon cell 

damage or lysis, processes which occur during both apoptosis and necrosis 

(Haslam et al. 2000).  

An additional test was used to confirm the cytotoxic effect of guaraná 

extracts on bladder cancer cells viability from analysis of cell-free DNA 

concentrations measured by fluorimetric method using DNA PicoGreen® dye 

with a similar protocol described by Ha et al. (2011) and Jobim et al. (2014).  

After 24 and 72 hours of guaraná and chemotherapy drugs exposition, the 

supernatants were collec

Probes) assay was done according to protocol supplied by the manufacturer. 

PicoGreen dye was diluted 1:200 with TE buffer (10mM Tris HCl, 1mM EDTA, 

pH 7.5) and incubated with plasma DNA in the dark at room temperature for 5 

min. To minimize photobleaching effects, time for fluorescence measurement 

was kept constant for all samples. Fluorescence emission of PicoGreen alone 

(blank) and PicoGreen with double stranded DNA (dsDNA) were recorded at 
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528 nm using an excitation wavelength of 485 nm at room temperature (25°C). 

A standard curve was generated by using double-stranded (ds) lambda DNA 

provided by the manufacturer. The fluorescence emission measurement of each 

medium sample of cell culture was an average of eight wells of independent 

measures and the corresponding standard deviation is indicated in the data. 

The dsDNA concentration in culture medium represents the presence of death 

cell degradation compounds. Thus, results were expressed as a percentage of 

fluorescence values in relation to negative control group treatment. Percentage 

values higher than control group indicated cytotoxic effect of guaraná extracts. 

Apoptosis biomarkers analysis 

Considering which chemotherapeutic drugs used as positive control in 

the present study, act on cell cycle S phase inducing apoptotic events that 

involve caspases 3 and 8 activation, the potential effect of guaraná on these 

caspases were also evaluated as well as the effect on caspase-1 levels (Yoon 

et al. 2011). The levels on caspase-1 levels, a proinflammatory molecule that 

also acts as tumor suppressor (Celardo et al. 2013) was also determined. The 

potential induction of T24 cells apoptosis cascade by guaraná exposition was 

investigated from determination of caspases 1, 3 and 8 levels. The caspases 

activities were evaluated by immunoassay following the manufacture 

instructions (BioVision, Mountain View, CA). All experiments were performed in 

triplicate. 

Intracellular ROS levels determination 

As guaraná is rich in antioxidant molecules (Klein et al. 2012), its 

potential anticarcinogenic effect probably involves oxidative metabolism 
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imbalance of cancer cells. To test the hypothesis, the intracellular ROS 

production of T24 bladder cancer cells was also analyzed. The ROS 

concentration was determined by using the non-fluorescent cell permeating 

-dichlorofluorescein diacetate (DCFDA) assay. In this technique 

the DCFDA is hydrolyzed by intracellular esterases to DCFH, which is trapped 

within the cell. This non-fluorescent molecule is then oxidized to fluorescent 

dichlorofluorescein (DCF) by cellular oxidants. After predetermined time 

The fluorescence was measured at an excitation of 485nm and an emission of 

520nm (Costa et al. 2013). 

Statistical analysis 

All results were expressed as a percentage of control group, and 

statistically compared by One way analysis of variance followed by post hoc 

Dunnet test. A p value of less than 0.05 was considered to be statistically 

significant. 

Results and discussion 

Considering that guaraná used in several energy drinks consumed in 

developed countries has some chemical similarities with coffee and tea in its 

nutritional matrix (Angelo et al. 2008), we performed an in vitro protocol to 

evaluate its potential effect on bladder cancer cells.   

Guaraná extract showed dose-dependent effect on T24 cells viability 

concentration-dependent evaluated by MTT and DNA Picogreen assays. 

Results using MTT assay are presented in Figure 1 showing that from 3.8 
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The T24 cells viability observed at lowest guaraná concentrations was also 

compared to methotrexate, cisplatin and gemcitabine drugs. The results 

showed that guaraná extract presented similar viability curve observed in T24 

cells treated with methotrexate being less effective to decrease the cell viability 

than cisplatin and gemcitabine (Figure 1b). 

Figure 1 here 

The antiproliferative effect of guaraná extract at lowest concentrations 

(3.8 - 

As expected, T24 cells exposed to chemotherapics significantly decreased 

cellular proliferation at a 72-hour exposition. Similar antiproliferative effect was 

also found in T24 cells exposed to guaraná. However, in lower concentrations 

other hand, similar antiproliferative effect of guaraná and chemotherapic drugs 

was o  

Figure 2 here 

Considering that data obtained from spectrophotometric and fluorimetric 

protocols (MTT and dsDNA Picogreen assays, respectively) could present 

some interferences in the results, a complementary analysis was performed to 

determine whether guaraná was able to change the caspases levels that are 

considered apoptosis biomarkers.  

Therefore, potential guaraná effect on apoptotic cascade was evaluated 

considering the caspases 3 and 8 as well as caspase 1 level. Guaraná 

activated the caspase cascade since a significant increase in the concentrations 

of these molecules occurred after a 24-hour exposition in a similar way 
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observed in the T24 cells treated with gemcitabine, cisplatin and methotrexate 

(Figures 3). However, the level of caspases in cells exposed to guaraná extract 

showed lower values than those observed in cells treated with chemotherapic 

drugs. 

Figure 3 here 

An additional analysis evaluated whether guaraná caused change in 

intracellular ROS levels of T24 bladder cancer cells. A significant increase in 

ROS levels in the T24 bladder cancer cells exposed to different guaraná extract 

concentrations was observed when compared to controls. The increase in ROS 

levels was also similarly dose-dependent to those observed in experiments of 

caspases levels (Figure 4). 

Figure 4 here 

The results provided evidence that guaraná presents an important 

antitumoral effect on bladder cancer cells with decrease and increase viability of 

 

Guaraná, as coffee and tea, have methylxanthines and polyphenols in its 

composition (Smith and Atroch et al. 2010). Methylxanthines, including caffeine, 

are integral part of everyday human food and drink consumption. Catechins are 

other group of substances also present in guaraná with important antioxidant 

and antitumoral activity (Yang and Wang 2011). Prevention of carcinogenesis 

with catechins, mainly epigallocatechin-3-gallate (EGCG), has been 

corroborated by animal and epidemiological studies (Yang and Wang 2011). 

Catechins inhibit cell proliferation, cell invasion, angiogenesis, metastasis, and 

stimulate apoptosis (Chen et al. 2011; Da Silva et al. 2010). These processes 
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occur by multiple biological pathways like growth factor-mediated, mitogen-

activated protein kinase-dependent, ubiquitin/proteasome degradation, and 

gene expression (Chen et al. 2011). 

The results described herein also showed that lower concentrations of 

guaraná extract, methotrexate, cisplatin, and gemcitabine increased caspases 

1, 3 and 8 concentrations, indicating a route for cell apoptosis. Our results are 

related to previous in vitro studies of cisplatin and gemcitabine demonstrating 

cell cycle arrest and apoptosis of bladder carcinoma cell lines (Da Silva et al. 

2010). Therefore, the possible mechanism of antitumoral effect of low 

concentrations of guaraná extract includes the apoptosis cascade induction. 

Cellular apoptosis results in the activity of both initiator caspases 

(caspases 2, 8, 9, and 10) and executor caspases (caspases 3, 6, and 7), a 

class of enzymes which also includes inflammatory mediators (caspases 1, 4, 

and 5). So, detection of active caspase-3 in cells and tissues infers the 

occurrence of an apoptotic process (Fulda 2009). Caspase-8 also plays a key 

role in the regulation of programmed cell death in normal development. 

Disturbance of its function may contribute to cancer diseases (Fulda 2009). 

Caspase-8 is inactivated in a variety of human cancers, which may promote 

tumor progression and resistance to treatment (Fulda 2009). Therefore, 

caspase-8 represents a promising target to restore defective apoptosis 

programs; higher concentration of caspase-8 in low concentration guaraná 

treated T24 cancer cells, which may be considered a relevant result. 

Despite caspase-1 playing a role in programmed cell death, the 

importance in the apoptotic process is still to be understood (Denes et al. 2012). 

Caspase-1 is more related to the inflammation process. Moreover, caspase-1 
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transforms the precursor of inflammatory cytokines interleukin-1- -18 into 

active mature peptides. Caspase-1 induces cell necrosis or pyroptosis in 

macrophages (Denes et al. 2012). However, our results cannot explain the 

specific role of caspase-1 in T24 cells. T24 bladder cells do not seem to 

produce caspase-1 cleaved interleukin-1, and apoptosis may occur as an event 

per se. 

Low concentration of guaraná extracts in T24 cells culture induced an 

increase in ROS production. Intracellular ROS modulation has recently attained 

scientific interest due to its role in cellular homeostasis carcinogenesis. 

Oxidative metabolism imbalance caused by antioxidant compounds probably 

breaks the cancer cell homeostasis contributing to cell death, and explains cell 

mortality in cisplatin-treated T24 cells (Zhang et al. 2012). The effect of guaraná 

extracts in dose-dependent increase of ROS levels in our study are also in 

accordance with the increase of ROS species in T24 bladder cancer 

experiments with green tea extracts (Chen et al. 2011). 

Conclusions 

Overall, our results demonstrated that guaraná extracts present a dual 

effect on T24 bladder cells viability. Whereas lowest concentrations decrease 

tumor cell viability, highest concentrations show protective effect. Interestingly, 

lowest guaraná concentrations reproduce similar results achieved with 

chemotherapic drugs regarding cell viability, caspases activity and ROS levels. 

In spite of  methodological limitations of the present study that was performed 

using just in vitro protocols, we believe that the results presented here are 

relevant since suggest that consumption of food and beverage rich in caffeine 
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and other bioactive molecules as guaraná present a cytotoxic effect against 

bladder cancer cells. 
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Legends 

Figure 1 T24 bladder cancer cells viability after 24 hours (data are presented as 

% of control) measured by dsDNA supernatant concentration; (A) guaraná 

exposed to guaraná chemotherapics at different concentrations (3.4  30 

hoc Dunnet test. * = p < 0.05; ** = p < 0.01, *** = p< 0.001. 

 

Figure 2 T24 bladder cancer cells proliferation after 72 hours among guaraná 

extract at different concentrations and chemotherapic drugs (data are presented 

as % of control) measured by MTT assay. The groups were compared by 

analysis of variance followed by post hoc Dunnet test. * = p < 0.05; ** = p < 

0.01, *** = p< 0.001. 

 

Figure 3 Caspase levels of T24 bladder cells exposed to different 

concentrations of guaraná extracts and chemotherapic drugs (data are 

presented as % of control) measured by immunoassays. The caspase levels of 

each group were compared by analysis of variance followed by post hoc Dunnet 

test. * = p < 0.05; ** = p < 0.01, *** = p< 0.001. 

 

Figure 4 Reactive oxygen species (ROS) concentration of T24 bladder cells 

exposed to different concentrations of guaraná extracts and chemotherapic 

drugs (data are presented as % of control) measured by fluorimetric DCFH-DA 

assay. The groups were compared by analysis of variance followed by post hoc 

Dunnet test. * = p < 0.05; ** = p < 0.01, *** = p< 0.001. 
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4. CONSIDERAÇÕES FINAIS  

 

 Este trabalho deixa algumas perspectivas para a continuação dos 

estudos relacionados à utilização do guaraná em quadros de neoplasias de 

bexiga já que pouco se sabe sobre os efeitos do extrato de Paullinia cupana 

nessa patologia. Assim, destaca-se a necessidade de investigar quais 

possíveis vias de ação do guaraná frente ao câncer de bexiga a fim de auxiliar 

na elaboração de medidas preventivas relacionadas com mudança do hábito 

de vida, emprego de quimioprevenção e alertar a população quanto aos efeitos 

maléficos do abuso de consumo do guaraná. 
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5. ANEXOS 

Anexo 1: Parecer do Comitê de Ética em Pesquisa da UFCSPA 
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Anexo 2: Autorização de acesso e de remessa de amostra de componente do 
patrimônio genético nº 010547/2013-4  
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Anexo 3: Protocolos experimentais  

Preparo do extrato de Guaraná: 

Para realização de todos os experimentos o guaraná em pó foi fornecido 

pela EMBRAPA Oriental (Empresa Brasileira de Pesquisa Agropecuária), 

localizado na Amazônia Ocidental em Maués, Amazonas - Brasil.  

Inicialmente, um extracto hidro-alcoólico de P. cupana foi produzido a 

partir de meio padrão de álcool e água (70:30) a 100 mL de fluido de extração 

preparado a uma concentração de 300 mg / mL. Após 21 dias de extração, a 

preparação foi centrifugada a 3000 rpm durante 10 min e o sobrenadante foi 

isolado .  

A solução resultante foi liofilizada para determinar xantina e catequina 

composições por meio de análise cromatográfica, tal como descrito em 

Bittencourt e cols (2013).  

O extrato da amostra de guaraná foi filtrada através de um filtro de 0,45 

mM para um frasco de auto-amostrador para análise. As condições de HPLC 

foram: taxa de fluxo, 1 ml / minuto, fase móvel A , 0,1% H3PO4 em água, fase 

móvel B e , com 100 % de ACN . O sistema de cromatografia foi calibrado com, 

pelo menos, uma curva padrão de cinco pontos em cada conjunto de amostras 

analisado.  

A partir destes resultados, o composto de guaraná foi preparado para 

ser adicionado ao meio de cultura. O extrato liofilizado foi diluído em água 

destilada e preparada a uma concentração de 200 mg/ml. A mistura foi 

infundida durante 7 min por ebulição, centrifugadas (1500 rpm, 15 min ) e 

filtrado. A solução foi esterilizada por filtração (0,20 mM) antes de se adicionar 

ao meio de cultura. 
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Preparo da cultura celular e tratamentos: 

A linhagem de células T24 foi cultivada em meio RPMI 1640 

suplementado com 10% de FBS, 100 unidades/ml de penicilina, 100 ug / ml de 

estreptomicina e 2 mM de L-glutamina, a 37 ° C sob 5% de CO2 umidificada e 

95% ar atmosférico.  

Para testar o efeito anticancerígeno guaraná, as células T24/poços (2 x 

105) foram semeadas em placas de 12 poços para a aderência de células com 

três poços para cada nível de concentração. Todos os ensaios foram 

realizados pelo menos em triplicata, com células em crescimento exponencial, 

após adesão ao fundo dos poços. Os extratos de guaraná foram diluídos em 

água destilada e foram adicionados nas concentrações finais de 3,8, 4,5, 6,0, 

10, 30, 100, 300, 1000, 3000, 10000 e 30000 µg/mL. 

Além disso, as células T24 também foram expostas a três drogas de 

quimioterapia utilizadas no tratamento do câncer de bexiga. Dessa forma, 

foram testadas como controlo positivo: o metotrexato, a cisplatina e a 

gencitabina em 3.8, 4.5, 6.0, 10 e 30 ug/ml de concentração. Estas 

concentrações foram escolhidas tendo como base um estudo in vitro que foi 

realizado com esses quimioterápicos e a linhagem T24 (Yoon e cols., 2011). 

 

Análises de viabilidade e proliferação celular: 

 O efeito sobre a viabilidade celular de guaraná foi observada após 24 

horas de exposição e o efeito sobre a proliferação foi observada após 72 horas. 

A análise de MTT foi determinada por [3 - (4,5-dimetiltiazol-2-il) -2,5-

difeniltetrazólio] ensaio, a lactato desidrogenase (LDH) e o conteúdo de DNA 

de cadeia dupla no sobrenadante e nas células (Wang e cols. 2010).  
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Em suma, o MTT foi dissolvido em solução salina tamponada com 

fosfato a 5 mg / ml, e adicionada a cada poço e incubou-se durante 4 horas. 

Para dissolver os cristais de formazan, foi realizada uma incubação adicional 

com 200 mL de DMSO. A absorvância foi medida com um leitor de microplacas 

a 570 nm. A viabilidade celular observada em cada tratamento foi expressa 

como uma percentagem do valor de absorvência do controle. Uma vez que o 

ensaio MTT apresenta algumas limitações que podem subestimados os efeitos 

antiproliferativos de extratos ricos em polifenóis, antes da análise, as células 

foram centrifugadas a 3000 rpm durante 3 minutos, o sobrenadante descartado 

e as células foram ressuspensas em tampão de PBS.  

Pela mesma razão, a análise de LDH foi determinada. Esta é uma 

enzima solúvel localizada no citoplasma que é libertada para o meio de cultura 

circundante a um dano celular ou lise, os processos que ocorrem na apoptose 

e necrose (Haslam e cols. 2000). A atividade da LDH foi medida utilizando a 

técnica colorimétrica, seguindo as instruções do fabricante (Labtest CO, São 

Paulo, Brasil). 

Um teste adicional foi feito a fim de confirmar o efeito citotóxico do 

extrato de guaraná em células de câncro de bexiga. A viabilidade foi medida a 

partir da análise das concentrações de DNA livre presentes nas células. Essa 

medição foi feita pelo método fluorimétrico usando corante de DNA PicoGreen 

® com um protocolo análogo descrito por Ha e cols. (2011). 

As células T24 tratadas com extrato de guaraná foram analisados para 

observar a potencial indução de determinação da apoptose das caspases 1, 3 

e 8 níveis. As atividades das caspases foram determinadas por imunoensaio 
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seguindo as instruções do fabricante (BioVision, Mountain View, CA). Todos os 

experimentos foram realizados em triplicata. 

Como guaraná é rico em antioxidante molecules seu potencial efeito 

anticancerígeno provavelmente envolve desequilíbrio do metabolismo oxidativo 

das células cancerosas. Para testar essa hipótese, também foram analisadas 

as espécies reativas de oxigênio intracelulares (ROS) de produção de células 

de câncer de bexiga T24. A concentração de ROS foi determinada usando a 

célula não fluorescente que permeia composto diacetato de ensaio de 2'-7'-

diclorofluoresceína (DCFDA). Nesta técnica, o DCFDA é hidrolisado por 

esterases intracelulares para DCFH, que está retido dentro da célula. Esta 

molécula não fluorescente é então oxidado para fluorescente 

diclorofluoresceína (DCF) por oxidantes celulares. Após o tempo de exposição 

designado, as células foram tratadas com DCFDA (10 fiM) durante 60 minutos 

a 37 ° C. A fluorescência foi medida a uma excitação de 485nm e uma emissão 

de 520 nm. 
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Composition Study Guide).  

table, e.g. nitrogen conversion factors, fatty acid conversion factors, energy conversion factors 
or vitamin conversion factors when used in vitamin equivalents (existing for niacin, vitamin E, 
vitamin D, vitamin A and folate. In these cases, the vitamin equivalent formula should be 
provided as well).  
 
Examples for consistency checks 

-103 
(Greenfield and Southgate, 2003) or 95-105. Proximates are: water, protein, fat, carbohydrates, 
dietary fibre (except if total carbohydrates are used), alcohol and ash.  
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Illustrations  
 
Illustrations (line drawings, halftones, photos, photomicrographs, etc.) should be submitted as 
digital files for highest quality reproduction and should follow these guidelines:  

 300 dpi or higher  
 Sized to fit on journal page  
 EPS, JPG, TIFF, or PSD format only  
 All illustrations should be submitted as separate files, not embedded in the text  
 Legends or captions for figures should be listed on a separate page, double spaced  

 
For information on submitting animations, movie files and sound files or any additional 
information including indexes and calendars please click here.  
 
For information on colour figures and charges please click here.  
 
Notes on Style  
 
Style  
 
Abbreviations and nomenclature  
For abbreviations and nomenclature, authors should refer to The Proceedings of the Nutrition 
Society (1972: 31, 239-

provide scientific names (and references where applicable) for animals, microorganisms, and 
plants, including the full generic name at first mention. Full names should also be provided in 
captions, section heads, and keywords. All enzymes should be accompanied by its EC number.  
 
Units/ Mathematical Modelling of Nutritional Processes  
Data, including dosage forms, enzyme activity, and dietary ingredients, should be provided in SI 
units only, and energy values should be provided in both, kilocalories and kilojoules. Vitamin 
measurements must use the units mg, not IU. In all, units are year, month, week, d, h, min, s, 

should be reported in degrees celsius.  
 
Statistics  
All methods of statistical analysis (and their software packages) should be described in the text. 
Both confidence intervals (CI) or significance assessments (provide p-values) are acceptable; 
standard deviation should only be used in instances in which emphasis needs to be given on 
varying individual values.  
 
Solutions and Concentrations  
Please use Metric Units, Conversion Factors and Nomenclature in Nutritional and Food 
Sciences. London: The Royal Society, 1972 for style requirements. Analytes in blood and other 
body fluids should be reported as molar concentrations (e.g. mmol/l).  
 
Footnotes  
Footnotes are not to be used except for designation of the corresponding author of the paper or 
current address information for an author (if different from that shown in the affiliation). 
Information concerning grant support of reviews should appear in a separate Declaration of 
Interest section at the end of the paper. Acknowledgments of the assistance of colleagues or 
similar notes of appreciation belong in a separate Acknowledgments section.  
Footnotes to tables should be typed directly below the table and are indicated by the following 

mark), || (parallels), # (number sign). Reinitialize symbol sequence within tables.  
 
General Style  
Authors are asked to take into account the diverse audience of the journal. Please avoid the use 
of terms that might be meaningful only to a local or national audience, and do provide a clear 
explanation where this is unavoidable.  
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1. Plant classifications should follow the International Code of Botanical Nomenclature 
guidelines, put forth by the International Association for Plant Taxonomy. These guidelines can 
be found here.  
2. Elements and chemicals should use standard Mendelian classifications.  
3. When using a word which is or is asserted to be a proprietary term or trademark, authors 

wording: This article includes a word that is or is asserted to be a proprietary term or trademark. 
Its inclusion does not imply that it has acquired for legal purposes a non-proprietary or general 
significance, nor is any other judgement implied concerning its legal status.  
4. Authors should write in clear, concise UK English. If English is not your native language, 
please ensure the manuscript has been reviewed by a native speaker. Please note: extensive 
rewriting of the text will not be undertaken by the editorial staff. For a list of English 
language writing services Informa Healthcare recommends, please click here.  

 
6. Upper case characters in headings and references should be used sparingly, e.g. only the 
first word of paper titles, subheadings and any proper nouns begin upper case; similarly for the 
titles of papers from journals in the references and elsewhere.  
7. All acronyms for national agencies, examinations, etc., should be spelled out the first time 
they are introduced in text or references. Thereafter the acronym can be used if appropriate, 

yms must not be used in the title of the manuscript.  
 
Editorial Policies  
 
Authorship  
 
According to the International Committee on Medical Journal Ethics (ICMJE), an author is 
defined as one who has made substantial contributions to the conception and development of a 
manuscript. Informa Healthcare adheres to the ICMJE guidelines 

following: 1) substantial contributions to conception and design, acquisition of data, or analysis 
and interpretation of data; 2) drafting the article or advising it critically for important intellectual 

1. All other contributors should be 
listed in the Acknowledgements section.  
All submissions are expected to comply with the above definition. Changes to the authorship list 
after submission will result in a query from the publisher requesting written explanation.  
 
Redundant publications and plagiarism  
 
The International Journal of Food Science and Nutrition considers all manuscripts on the 
strict condition that they have not been published already, nor are they under consideration for 
publication or in press elsewhere.  
The International Journal of Food Science and Nutrition will not consider, in general, redundant 

http://www.icmje.org/publishing_4overlap.html). This rule applies whether the overlapping 
papers are from the same authors or not.  
In addition, Informa has a strict policy against plagiarism. We define plagiarism as the use of 
extracts from another person's work that are not placed in quotation marks, without the 
permission of that person, and without acknowledgement to that person (using the appropriate 
reference style), with the result that your article presents these extracts as original to you. By 
submitting your work to an Informa Healthcare journal, you warrant that it is your original work, 
and that you have secured the necessary written permission from the appropriate copyright 
owner or authority for the reproduction of any illustration or other material.  

king portions of text from one or more sources, crediting the 
author/s, but only changing one or two words or simply rearranging the order, voice (i.e., active 

(http://ori.dhhs.gov/education/products/plagiarism/7.shtml), will not be accepted if found to be 
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used extensively and to make up large sections of the manuscript. Extensive paraphrasing will 
not be deemed original work and will be viewed as redundant publication and/or plagiarism.  
Informa Healthcare adheres to the Code of Conduct and Best Practice Guidelines set forth by 
the Committee on Publication Ethics (COPE). As per these guidelines, failure to adhere to the 
above conditions will result in the editor and Informa publishing an appropriate correction, a 
statement of retraction, or enacting a withdrawal of the article. In extreme cases (e.g. when an 

may be banned from submitting to Informa Healthcare journals in the future. Please refer to the 
COPE website for the detailed workflows for handling allegations of plagiarism or redundant 
publication (http://www.publicationethics.org/resources/flowcharts).  
 
Peer Review  
 
All manuscripts will be subjected to confidential peer review by experts in the field and on the 

revision or rejected. Authors are required to submit the names of two to three recommended 

in the same lab group as the authors, nor should they have published with the authors within the 
last two years.  
 
Ethics and Consent  
 

 Do not use patients' names, initials, or hospital numbers, especially in illustrative 
material. Identifying information should not be published in written descriptions, 
photographs, and pedigrees unless the information is essential for scientific purposes 
and the patient (or parent or guardian) gives written informed consent for publication. 
Informed consent for this purpose requires that the patient be shown the manuscript to 
be published.  

 To comply with FDAAA legislation, Informa Healthcare requires trial registration as a 
condition of publication for all studies involving clinical trials. Trial registration 
numbers should be included in the abstract, with full details provided in the methods 
section.  

 Papers including clinical trials must be conducted with approval by human subject 
committees. All manuscripts, except reviews, must include a statement in the 
Introduction or Methods section that the study was approved by an Investigational 
Review Board (Human Studies Committee or Ethics Committee). Authors who do not 
have formal ethics review committees should include a statement that their study 
followed principles in the Declaration of Helsinki (http://www.wma.net/e/policy/b3.htm).  

 When a product has not yet been approved by an appropriate regulatory body for the 
use described in the manuscript, the author must specify that the product is not 
approved for the use under discussion or that the product is still under investigation.  

 
Further information on Ethics and Consent can be found by clicking here  
 
Copyright  
 
It is a condition of publication that authors assign copyright or license the publication rights in 
their articles, including abstracts, to Informa UK Ltd. This enables us to ensure full copyright 
protection and to disseminate the article, and the Journal, to the widest possible readership in 
print and electronic formats as appropriate. Authors may, of course, use the article elsewhere 
after publication without prior permission from Informa UK Ltd., provided that acknowledgement 
is given to the journal as the original source of publication, and that Informa Healthcare is 
notified so that our records show that its use is properly authorised. Authors retain a number of 
other rights under the Informa UK Ltd. rights policies documents.  
Authors are required to sign an agreement for the transfer of copyright to the publisher. All 
accepted manuscripts, artwork, and photographs become the property of the publisher. A 
copyright agreement form can be downloaded by corresponding authors of accepted 
manuscripts with proofs. This should be signed and returned to Informa Healthcare.  
Authors are themselves responsible for obtaining permission to reproduce copyright material 
from other sources.  
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Further information on Permissions can be found by clicking here.  
 
Declaration of Interest  
 
It is the policy of all Informa Healthcare, to adhere in principle to the Conflict of Interest policy 
recommended by the ICMJE. All authors must disclose any financial and personal relationships 
with other people or organizations that could influence (bias) their work. It is the sole 
responsibility of authors to disclose any affiliation with any organization with a financial interest, 
direct or indirect, in the subject matter or materials discussed in the manuscript (such as 
consultancies, employment, paid expert testimony, honoraria, speakers bureaus, retainers, 
stock options or ownership, patents or patent applications or travel grants) that may affect the 
conduct or reporting of the work submitted. All sources of funding for reviews are to be explicitly 
stated. If uncertain as to what might be considered a potential conflict of interest, authors should 
err on the side of full disclosure.  
 
Declarations of Interest should be stated at the point of submission (within the manuscript, after 
the main text, under a subheading "Declaration of interest", and within the appropriate field on 
the journal's ScholarOne site). Manuscript submission cannot be completed unless a 
declaration of interest statement is included.  
 
Declaration of Interest statements will be made available to reviewers and will appear in the 
published article. If any potential conflicts of interest are found to have been withheld following 
publication, the journal will proceed according to COPE guidance.  
The intent of this policy is not to prevent authors with any particular relationship or interest from 
publishing their work, but rather to adopt transparency such that reviewers, editors, the 
publisher, and most importantly readers can make objective judgements concerning the work 
product.  
 
NIH/Wellcome Public and Open Access Policies  
 
In consideration of the National Institutes of Health (NIH) and Wellcome Public and Open 
Access Policies, Informa Healthcare acknowledges that the broad and open dissemination of 
NIH/Wellcome-funded research results may benefit future scientific and medical research. 
Because we value the current and future contributions our journals make to the scientific body 
of knowledge, we have made certain that our policies accommodate those authors who wish to 
submit to PubMed Central.  
As part of our author services program, Informa Healthcare will deposit to PubMed Central 
(PMC) and UK PubMed Central (UKPMC) author manuscripts reporting NIH or Wellcome Trust 
funded research.  
This service will help authors to comply with the NIH and Wellcome Trust revised 'Public Access 

 
 
NIH policy  
NIH-funded authors must submit to PMC, or have submitted on their behalf, at the point of 
acceptance, their peer-reviewed author manuscripts, to appear on PMC no later than 12 months 
after final publication.  
Click here for more information.  
 
Wellcome Trust policy  
Wellcome-funded authors must submit to UKPMC, or have submitted on their behalf, at the 
point of acceptance, their peer-reviewed author manuscripts, to appear on UKPMC no later than 
6 months after final publication.  
Click here for more information.  
 
Informa Healthcare will deliver to PMC/UKPMC the final peer-reviewed manuscript, which was 
accepted for publication and that reflects any author-agreed changes made in response to the 

(NIH) or 6 months (Wellcome Trust) after final publication in print or electronic form (whichever 
is the sooner). Following the deposit, authors will receive further communications from the NIH 
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Manuscript Submission System/UK Manuscript Submission System with respect to the 
submission.  
 
Under our Author Rights policy, authors also have the right to post their version of the submitted 
author manuscript (pre-print), or their version of the final published article (post-print) on their 
personal or institutional web site. Post-print web postings are subject to an embargo of 12 
months. Please note that authors should not post manuscripts directly to PMC/UKPMC or other 
third party sites for any systematic external distribution by a third party (e.g., to a listserv or 
database connected to a public access server).  
 
Additional Information  
 
Proofs  
 
Usual practice will involve corresponding authors receiving email notification with a password 
and web address from which to download a PDF. Hard copies of proofs will not be mailed. To 
avoid delays in publication, corrections to proofs must be returned within 48 hours, by electronic 
transmittal, fax or mail. Authors will be charged for excessive correction at this stage of 
production. If authors do not return page proofs promptly, the Publisher reserves the choice to 
either delay publication to a subsequent issue or to proceed to press without author corrections. 
The Publisher reserves the right to proceed to press without submitting page proofs to the 
author.  
 
Reprints  
 
Each corresponding author will receive a PDF file of the final version of their article. Reprints of 
individual articles are available for order at the time authors review page proofs. A discount on 
reprints is available to authors who order before print publication. Copies of the journal can be 

 
 
Further information on Reprints can be found by clicking here.  
 
Colour figure charges  
 

ne edition free 
of charge. Print copy colour reproduction will only be considered on condition that authors bear 
the associated costs. The charge for an article with colour is US $575. There are no charges for 
non-colour pages.  
 
Contact the publisher  
 

Click here for contact details for the Publisher. 

 

 

 

 

 

 

  


