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tranferases; IκB, inhibitor of κB; HUVEC, human endothelial cell; IL, interleukin; iNOS, 

inducible nitric oxide synthase; JNK, c-Jun N-terminal kinase; Keap1, Kelch-like ECH-

associating protein-1; LPS, lipopolysaccharide; MAPKs, mitogen-activated protein kinase; 

MEK, mitogen activated protein kinase kinase; MNU, N-methylnitrosourea; NF-κB, nuclear 
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phosphatidylinositol-3-kinase; PKC, protein kinase C; PMA, phorbol 12-myristate 13-acetate; 

PB2, procyanidin B2; ROS, reactive oxygen species; SOD, superoxide dismutase; t-BOOH, 

tert-butylhydroperoxide; TPA, 12-O-tetradecanoylphorbol 13-acetate; TNFα, tumour necrosis 

factor α; Topo , topoisomerase; VEGF, vascular endothelial growth factor. 
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Abstract 

Prevention of cancer through the diet is receiving increasing interest, and cocoa because of its 

polyphenolic compounds has become an important potential chemopreventive and therapeutic 

natural agent. Cocoa and its main polyphenols have been reported to interfere at the initiation, 

promotion and progression of cancer. Cocoa flavonoids have been demonstrated to influence 

several important biological functions in vitro and in vivo by their free radical scavenging 

ability or through the regulation of signal transduction pathways to stimulate apoptosis and to 

inhibit inflammation, cellular proliferation, apoptosis, angiogenesis and metastasis. 

Nevertheless, these molecular mechanisms of action are not completely characterized and many 

features remain to be elucidated. The aim of this review is to provide insights into the molecular 

basis of the potential chemopreventive activity of cocoa and its polyphenolic components by 

summarizing cell culture and animal models studies, as well as interventional and 

epidemiological studies on humans. 

 

Keywords: Cocoa, cancer, inflammation, antioxidant defenses, cell death, survival/proliferation 

pathways. 
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Highlights 

- Cocoa promotes changes in redox-sensitive signaling pathways involved in the expression of 

many genes and cell functions. 

- Cocoa may prevent chronic inflammatory response and oxidative damage and thus affect 

carcinogenesis. 

- Cocoa has been demonstrated to increase serum antioxidant status and apoptosis of cancer 

cells, theoretically reducing cancer risk. 

- Research to date suggests that moderate cocoa or dark chocolate consumption may reduce 

cancer risks. 
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1.- Introduction 

Carcinogenesis is generally a slow process and often takes decades from tumor initiation to 

diagnosis, offering a considerable time frame for chemopreventive approaches. 

Chemoprevention is defined as the use of specific natural (dietary) or synthetic agents to 

prevent, delay, or slow the carcinogenic process (Kelloff et al., 2006). Accumulating 

epidemiological and experimental studies suggest that a high consumption of fruits and 

vegetables and the intake of certain non-nutrients that are present in foods reduce the risk of 

different cancers (Ramos, 2008, Surh, 2003). Therefore, the identification of dietary 

components as potential cancer chemopreventive agents in the form of functional foods or 

nutraceuticals has become an essential subject for study in current research. This is the case for 

polyphenols, natural dietary compounds present in fruits and vegetables, which have attracted a 

great deal of interest because of their potential ability to act as highly effective 

chemopreventive agents (Ramos, 2008). In addition, the low toxicity and the very few adverse 

side effects linked to polyphenols consumption give them potential advantages.  

Cocoa, the dried and fermented seeds derived from Theobroma cacao, has been consumed 

since 1100 B.C. by ancient civilizations such as the Mayans and Aztecs (Hurst et al., 2002). In 

the 16th century cocoa was introduced into Europe by Hernan Cortes and, three centuries later, 

Conrad van Houten developed cocoa powder as we know it today (Dillinger et al., 2000, 

Rössner, 1997). Cocoa powder is a rich source of fiber (26–40 %), proteins (15–20 %), 

carbohydrates (about 15 %) and lipids (10–24%) and it contains minerals and vitamins 

(Ramiro-Puig and Castell, 2009). Out of more than 200 compounds found in the cocoa bean 

that are thought to be beneficial for the human body, research is mainly focused on 

polyphenols, particularly the flavanols, that are so abundant in this ancient plant (Visioli et al., 

2009). Cocoa has the highest flavanol content of all foods on a weight basis and is a significant 

contributor to the total dietary intake of flavonoids (Lee et al., 2003, Rusconi and Conti, 2010, 
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Vinson et al., 1999). Principally, cocoa contains high amounts of flavonoids (-)-epicatechin 

(EC), (+)-catechin and their dimers procyanidins B2 (PB2) and B1, although other polyphenols 

such as quercetin, isoquercitrin (quercetin 3-O-glucoside), quercetin 3-O-arabinose, hyperoside 

(quercetin 3-O-galactoside), naringenin, luteolin and apigenin have also been found in minor 

quantities (Sánchez-Rabaneda et al., 2003). 

Cocoa is a rich source of antioxidants; in a study that measured the total concentration of redox 

compounds in 1,113 different foods, of the 50 foods with the highest antioxidant capacity, 5 

were cocoa based (Halvorsen et al., 2006). Besides, cocoa and derivatives are widely consumed 

worldwide due to the highly attractive organoleptic characteristics. Indeed, cocoa products 

constitute a larger proportion of the diet of many individuals than green tea, wine, or soy beans 

(Arts et al., 2001, Tabernero et al., 2006). The mean intake of catechins and procyanidins 

estimated for USA is higher than the estimated intake of other flavonoids (Gu et al., 2004). 

Chocolate consumption contributed 2 to 5 mg of daily catechin intake out of an estimated total 

of 50 mg per day in a report from the Netherlands (Arts et al., 2001). For the Spanish diet, it 

was estimated that cocoa products account for 10% of the total antioxidant capacity of dietary 

intake (Tabernero et al., 2006). 

Health effects derived from cocoa flavonoids depend on their bioavailability (absorption, 

distribution, metabolism, and elimination), a factor which is also influenced by their chemical 

structure (Manach et al., 2005). In this regard, different studies have shown the absorption of 

catechin, EC and dimeric procyanidins after the intake of different cocoa by-products by 

animals and humans (Lamuela-Raventós et al., 2005, Urpi-Sarda et al., 2009). In particular, 

monomeric flavonoids are absorbed in the small intestine and they and their metabolites (eg, 

methylated, sulfated, and glucuronidated compounds), which could also be bioactive, are 

rapidly detected in plasma at concentrations in the range of nM to μM (Baba et al., 2000, Holt 

et al., 2002, Roura et al., 2005, Uhlenhut and Högger, 2012) and urine (Tsang et al., 2005). 
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Accordingly, absorbed flavonoids are widely distributed and can be detected in lymphoid 

organs, including the thymus, spleen and mesenteric lymphoid nodes, as well as in the liver and 

testes at different concentrations (Urpi-Sarda et al., 2010). In contrast, procyanidins (dimers and 

trimers) and large proanthocyanidins appear to be 10- to 100-fold less absorbed (Manach et al., 

2005, Serra et al., 2010); therefore, their beneficial effects could be restricted to the 

gastrointestinal tract where they may have an important local function (Ramiro-Puig and 

Castell, 2009). In addition, oligomers and polymers of flavanols that are not absorbed through 

the gut barrier could be metabolized by the intestinal microbiota into various phenolic acids of 

low molecular weight, which are more bioavailable, and might be well absorbed through the 

colon (Urpi-Sarda et al., 2009, Urpi-Sarda et al., 2010). Interestingly, recent findings have 

demonstrated that some of these microbial metabolites derived from cocoa consumption also 

possess biological properties (Monagas et al., 2010). 

The present review will focus on the molecular basis of the potential chemopreventive activity 

of cocoa and their polyphenolic components. Firstly, this paper summarizes recent in vitro 

studies which have evaluated the potential anti-carcinogenic properties of cocoa and their 

components and the molecular mechanism involved. Although in vitro studies will provide a 

hint to potential cancer preventive effects in vivo, chemopreventive efficacy of natural products 

can only be demonstrated in animal models or human intervention studies. Therefore, in the 

second part, investigations on the effect of cocoa in various animal models of carcinogenesis 

are also presented. Finally, this review briefly describes the current evidence on the link 

between cocoa and cancer occurrence, based on interventional and epidemiological studies on 

humans. 

 

2.- Studies in cell culture 
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Cell culture studies constitute a useful tool to elucidate the molecular mechanisms of action 

of cocoa extracts and its polyphenolic compounds in different cancer cell lines. In this regard, 

it should be mentioned that pure compounds are metabolized and circulate in the plasma, 

although the free aglycone is accumulated in tissues as a consequence of a conjugation-

deconjugation cycle; thus, pure phenolic compounds seem not to be bioactive unless 

deconjugation occur in the cell, being the free aglycone the final effector, as already reported 

for quercetin (Perez-Vizcaino et al., 2012). Moreover, intracellular and bound phenolic 

metabolite concentrations can be higher than plasma levels and be bioactive even when 

plasma concentrations are in the nM range (Uhlenhut and Högger, 2012). 

 

2.1- Antioxidant and detoxifying effects 

Cells are continuously threatened by the damage caused by free radicals and reactive oxygen 

species (ROS), which are produced during normal oxygen metabolism or induced by exogenous 

damage (Finkel and Holbrook, 2000). In physiological conditions, there is a balance between 

ROS generation and neutralization, and to this equilibrium contribute the antioxidant-defense 

mechanisms of the body, which include enzymes such as catalase, superoxide dismutase (SOD) 

and glutathione peroxidase (GPx) and non-enzymatic defenses (glutathione, acid ascorbic, etc.) 

(Finkel and Holbrook, 2000). In pathological situations, this balance can be altered and an 

accumulation of free radicals at the early stages and in the progression of cancer might lead to 

an oxidative cellular damage or to an alteration in a signaling pathways since ROS may act as 

signaling molecules (Finkel and Holbrook, 2000). Thus, foods containing antioxidants such as 

vegetables, fruits, soy products, cocoa and tea that counteract ROS are expected to be protective 

in cancer causation and development. 

Flavonoids can prevent the DNA-damage caused by free radicals or carcinogenic agents acting 

through different ways: (i) direct radical scavenging, (ii) chelating divalent cations involved in 
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the Fenton reaction (Nakagawa et al., 2004), (iii) modulation of enzymes related to oxidative 

stress (GPx, SOD, nitric-oxide synthase, lipooxygenase, xanthine oxidase, etc.) and (iv) 

alteration of procarcinogenic metabolism by inhibiting phase-I drug-metabolizing enzymes 

(cytochrome P450, CYP) or activating phase II conjugating-enzymes (glucuronidation, 

sulfation, acetylation, methylation and conjugation). 

2.1.1.- Protective effects against oxidative stress 

Cocoa has a potent antioxidant capacity as compared with other products, and this property has 

been related to its flavonoid content (Lee et al., 2003). Thus, a cocoa extract and its main 

flavonoid, EC, exerted a similar neuroprotective effect by diminishing intracellular ROS 

production in H2O2/Fe
2+

-stimulated SH-SY5Y cells (Ramiro-Puig et al., 2009) (Table 1). In this 

line, a cocoa phenolic extract and PB2 counteracted acrylamide-induced cytotoxicity by 

inhibiting glutathione (GSH) consumption and ROS generation, and increasing the levels of 

gamma-glutamyl cysteine synthase and glutathione-S-transferase (GST) in Caco-2 cells 

(Rodriguez-Ramiro et al., 2011b). Similarly, a cocoa phenolic extract and EC induced 

beneficial changes in the antioxidant defense system in a human hepatic cell line (HepG2) 

(Granado-Serrano et al., 2007, Martín et al., 2008, Martín et al., 2010b); both substances 

prevented or delayed conditions which favored cellular oxidative stress. In particular, the cocoa 

polyphenolic extract increased the activity of GPx and glutathione reductase (GR) via 

extracellular regulated kinase (ERK) activation (Martín et al., 2010a), and the pretreatment of 

cells with the cocoa polyphenolic extract completely prevented cell damage and enhanced 

activity of the antioxidant enzymes GPx and GR induced by the pro-oxidant tert-

butylhydroperoxide (t-BOOH). Moreover, depletion of GSH and ROS over-production caused 

by t-BOOH in HepG2 cells were prevented by the pretreatment with the cocoa polyphenolic 

extract (Martín et al., 2008). Accordingly, EC is also a powerful radical scavenger. EC reduced 

the cytotoxicity induced by t-BOOH (Granado-Serrano et al., 2009, Martín et al., 2010b) and 
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conferred a protection against oxidative stress by preventing t-BOOH-induced increase of ROS, 

malondialdehyde, GPx and GR activities as well as the decrease of GSH in HepG2 cells 

(Martín et al., 2010b, Murakami et al., 2002). EC also protected cells from oxidative insults by 

preventing hydroxyl radical formation in the presence of copper (Azam et al., 2004), and played 

a role in modulating oxidative stress in lead-exposed cells through the downregulation of ROS 

generation, decrease of intracellular calcium and prevented the alteration of the mitochondrial 

membrane potential (Chen et al., 2002, Chen et al., 2003). Moreover, EC and one its major 

metabolites in vivo, 3´-O-methyl epicatechin, protected human fibroblasts against oxidative 

stress induced by H2O2 (Spencer et al., 2001b) and UVA light (Basu-Modak et al., 2003). 

Cocoa and its main flavanols prevent the oxidative damage to DNA. In calf thymus DNA, 

procyanidins isolated from cocoa, EC and (+)-catechin inhibited 8-oxo-7,8-dihydro-2´-

deoxyguanosine (8-oxodG) production in a concentration- and time-dependent manner. EC was 

more efficient than catechin with respect to inhibiting 8-oxodG formation, although monomer, 

tetramer, and hexamer fractions were equally effective in inhibiting 8-oxodG formation when 

assayed at 10 µM monomer equivalent concentration, suggesting that both epimerism and 

degree of oligomerization are important determinants for the antioxidant activity of flavan-3-ols 

and procyanidins (Ottaviani et al., 2002). EC and (+) catechin also protected HepG2 cells 

against oxidative DNA damage induced by N-nitrosamines and heterocyclic amines as reduced 

DNA strand breaks, the formation of endonuclease III and oxidized purines and pyrimidines 

(Delgado et al., 2009, Haza and Morales, 2011). 

2.1.2.- Molecular mechanisms related to the cellular protective effect 

One possible mechanism by which cocoa and its phenolic compounds might exert their 

protective effect towards oxidative stress-induced damage may be through the modulation of 

phase I and II enzyme activities. A polyphenolic cocoa extract increased CYP1A1 mRNA and 

protein levels and enzymatic activity in MCF-7 and SKBR3 breast cancer cells (Oleaga et al., 
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2012). In particular, the CYP1A1 transcriptional activation by the polyphenolic cocoa extract 

was mediated through aryl hydrocarbon receptor (AhR) binding to xenobiotic response 

elements within the CYP1A1 promoter in MCF-7 cells. Additionally, CYP1A1 overexpression 

might interfere with estrogen metabolism and the production of estrogen metabolites in breast 

cells, which suggest that the interaction between estrogen receptor α and AhR upon incubation 

with the polyphenolic cocoa extract lead to CYP1A1 induction in breast cancer cells (Oleaga et 

al., 2012). In this regard, (+)-catechin moderately inhibited CYP1A1 activity induced by 

heterocyclic amines, whereas EC showed a weaker effect on the inhibition of the activity of 

CYP1A1 in HepG2 cells (Haza and Morales, 2011). However, (+)-catechin induced the greatest 

increase in the activity of the phase II metabolizing enzyme UDP-glucuronyltransferase  (Haza 

and Morales, 2011). Similarly, EC increased NADPH cytochrome c reductase activity in MCF-

7 breast cancer cells (Rodgers and Grant, 1998). 

PB2 dimer and to a lesser extent EC and related metabolites [3′-O-methyl epicatechin, 4′-O-

methyl epicatechin, and (−)-epicatechin glucuronide] inhibited the activity of NADPH-oxidase 

in cultures of human umbilical vein endothelial cells (Steffen et al., 2008, Steffen et al., 2007). 

Interestingly, flavanols and procyanidins of cocoa were able to alter the cellular oxidant 

production as a result of inhibiting the binding of a ligand to its receptor. This is the case for 

tumor necrosis factor (TNF)-α, whose binding to TNFα receptor 1 leads to the activation of 

NADPH-oxidase and to the subsequent superoxide anion production (Yang and Rizzo, 2007). 

In intestinal cells, EC, (+)-catechin, B2 dimers, and hexameric procyanidins decreased the 

transient increase in oxidants associated with TNFα-triggered signaling (Erlejman et al., 2008). 

Upregulation of cytoprotective enzymes by therapeutic agents to prevent damage by ROS and 

xenobiotic electrophiles is a strategy for cancer chemoprevention. The Kelch-like ECH-

associated protein 1 (Keap1) and its binding partner, transcription factor NF-E2-related factor-2 

(Nrf2), are chemopreventive targets because of their role in regulating the antioxidant response 
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element (ARE), which is present in the promoter region of many antioxidant genes, in response 

to oxidative stress and exposure to electrophiles. Modification of the sensor protein Keap1 by 

electrophiles such as the cocoa and its phenolic compounds can direct Nrf2 accumulation in the 

nucleus and subsequent ARE activation. In this regard, it has been described that EC induces 

Nrf2 translocation and phosphorylation via ROS generation, through the modulation of 

proliferation/survival pathways in human HepG2 cells (Granado-Serrano et al., 2010). EC also 

increased GSH content and stimulated Nrf2 via AKT (protein kinase B) in astrocytes (Bahia et 

al., 2008). Accordingly, catechin decreased lipid peroxidation and ROS, and increased the 

activity of GPx, GR total sulfhydryl groups and the expression of Nrf2 and heme oxygenase-1 

in intestinal Int-407 cells (Cheng et al., 2012). PB2 also evoked a dose-dependent increase in 

GPx, GR and GST, which could be related to an improved cell response to an oxidative 

challenge (Rodriguez-Ramiro et al., 2011a). Hence, Caco2 cells treated with PB2, and then 

submitted to an oxidative stress induced by t-BOOH showed a reduced ROS production, 

restricted activation of caspase 3 and higher viability than cells only submitted to the stressor 

(Rodriguez-Ramiro et al., 2011a). PB2 also showed a protective effect against the oxidative 

injury induced by t-BOOH in colonic cells through the upregulation of the expression of 

GSTP1 via a mechanism that involved ERK and p38 mitogen-activated protein kinase (MAPK) 

activation and Nrf2 translocation (Rodrıguez-Ramiro et al., 2011). 

Procyanidin dimers and trimers isolated from cocoa can provide protection against the attack of 

oxidants and other molecules that challenge the integrity of the bilayer by interacting with 

membrane phospholipids, presumably with their polar headgroup (Verstraeten et al., 2005). 

Similarly, a hexameric procyanidin fraction isolated from cocoa interacted with Caco-2 cell 

membranes preferentially at the water–lipid interface without affecting their integrity, and it 

inhibited the deoxycholic (DOC)-induced cytotoxicity, oxidant generation, NADPH oxidase 
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activation, loss of monolayer integrity and DOC-triggered increase in cellular calcium (Da 

Silva et al., 2012, Erlejman et al., 2006). 

2.1.3.- Pro-oxidative effect 

Despite these well-defined antioxidant characteristics, flavonoids can become pro-oxidants 

under certain conditions, such as high flavonoid concentrations and the presence of redox-

active metals (Sakano et al., 2005). PB2 inhibited the formation of 8-oxodG in the human 

leukemia cell line HL-60 treated with an H2O2-generating system. In contrast, a high 

concentration of PB2 increased the formation of 8-oxodG in HL-60 cells (Sakano et al., 2005). 

Experiments with calf thymus DNA also revealed that PB2 decreased 8-oxodG formation by 

Fe(II)/H2O2, whereas PB2 induced DNA damage in the presence of Cu(II), and H2O2 

extensively enhanced it. This suggests that PB2 exerts both antioxidant and pro-oxidant 

properties by interacting with H2O2 and metal ions (Sakano et al., 2005). 

 

2.2- Anti-inflammatory effects 

The association between inflammation and cancer involves key inflammatory mediators such as 

nuclear factor kappa B (NF-ĸB), TNFα, cyclooxygenase-2 (COX-2), etc. These proteins are 

also related to cell proliferation, anti-apoptotic activity, angiogenesis and metastasis (Table 2) 

(Ramos, 2008). 

Cocoa phenolic extract inhibited the inflammatory mediator prostaglandin E2 in human 

intestinal Caco-2 cells (Romier-Crouzet et al., 2009). Similarly, a cocoa polyphenolic extract 

dose-dependently diminished the secretion of monocyte chemoattractant protein 1 and TNFα, 

this effect being greater than that produced by equivalent concentrations of EC (Ramiro et al., 

2005). Interestingly, cocoa extract added prior to monocyte activation with lipopolysaccharide 

(LPS) resulted in a significantly greater inhibition of TNFα secretion. Both cocoa extract and 

EC decreased TNFα, interleukin (IL) 1α and IL-6 mRNA expression, and cocoa phenolic 
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extract also diminished NO secretion in a dose-dependent manner and with a greater effect than 

that produced by EC (Ramiro et al., 2005). Accordingly, two cocoa extracts inhibited phorbol 

12-myristate 13-acetate (PMA)- induced superoxide production, IL-1 and IL-6 release in human 

monocytes (Zeng et al., 2011), and cocoa polyphenols also dose-dependently inhibited xanthine 

oxidase activity and 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced superoxide-anion 

generation in cultured human promyeolcytic leukemia HL-60 cells (Lee et al., 2006). In mouse 

epidermal cells, cocoa polyphenols inhibited TNFα-induced phosphorylation of AKT and ERK, 

as well as the activation of downstream kinases (p70 kDa ribosomal protein S6 kinase and p90 

kDa ribosomal protein S6 kinase) and suppressed the TNFα-induced MEK1 (mitogen activated 

protein kinase kinase-1) activity and the phosphatidylinositol-3-kinase (PI3K) activity via 

binding PI3K directly, suggesting a chemopreventive potential against pro-inflammatory 

cytokine-mediated skin cancer and inflammation (Kim et al., 2010). Correspondingly, (+)-

catechin and EC inhibited nitrite and TNFα production in LPS-stimulated macrophages and 

murine aorta endothelial cells, respectively (Guruvayoorappan and Kuttan, 2008, Schroeder et 

al., 2001). More recently, a cocoa phenolic extract significantly reduced the increase in 

inflammatory markers such as IL-8 secretion, COX-2 and inducible nitric oxide synthase 

(iNOS) expression induced by the pro-inflammatory agent TNFα in Caco-2 cells (Rodrıiguez-

Ramiro et al., 2012). In this study, cocoa phenolic extract selectively decreased both the 

phosphorylation of c-Jun N-terminal kinase (JNK) and the nuclear translocation of NK-κB 

induced by TNFα, indicating that this pathway could be an important mechanism contributing 

to the reduction of intestinal inflammation. 

EC and procyanidins can inhibit NF-κB at different levels in the activation pathway. A decrease 

in cell oxidants that are involved in NF-κB activation is a potential mechanism of modulation 

by these compounds. Thus, hexameric procyanidins inhibited TNFα-induced NF-ĸB activation 

[inhibitor of κB (IĸB) phosphorylation and degradation, p50 and RelA nuclear translocation, 
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and NF-ĸB–DNA binding], iNOS, and cell oxidant increase in Caco-2 cells (Erlejman et al., 

2008). These effects occurred because hexameric procyanidins can inhibit NF-ĸB activation by 

interacting with the plasma membrane of intestinal cells, and through these interactions 

preferentially inhibit the binding of TNFα to its receptor and the subsequent NF-ĸB activation 

(Erlejman et al., 2008). PB2 also inhibited the binding of NF-κB proteins, i.e., RelA and p50, to 

its κB DNA consensus sequence in whole cells, nuclear fractions, and purified chemical 

systems (Mackenzie et al., 2008, Mackenzie et al., 2004, Mackenzie et al., 2009). Thus, 

procyanidins B1 and B2 inhibited TNFα and PMA-induced transactivation of NF-ĸB and NF-

ĸB–DNA nuclear binding in Jurkat T cells, whereas none of these effects were observed with 

A1 and A2 procyanidins, suggesting that B-type dimeric procyanidins can provide anti-

inflammatory benefits due to their ability to reduce NF-ĸB binding to the DNA (Mackenzie et 

al., 2009). To a lesser degree, EC can also interact with NF-κB and inhibit TNFα-stimulated 

and constitutive NF-κB activation in T lymphocytes (Jurkat) and Hodgkin lymphoma cells, 

respectively (Mackenzie et al., 2004, Mackenzie and Oteiza, 2006). However, in HepG2 cells, 

EC transiently stimulated the NF-ĸB pathway: increased NF-ĸB(p65) levels and IκB kinase, 

induced NF-ĸB nuclear translocation and NF-ĸB-binding activity, as well as IĸB 

phosphorylation and degradation (Granado-Serrano et al., 2010). The induction of the redox-

sensitive transcription factor NF-ĸB was connected to ERK, which is involved in the control of 

hepatic cell survival and proliferation, pointing out to the role of EC in the promotion of cell 

protection and survival pathways (Granado-Serrano et al., 2010). 

 

2.3.- Effects on apoptosis and proliferation 

In chemoprevention, suppression of cell proliferation and induction of differentiation and 

apoptosis are important strategies, with the induction of programmed cell death currently 

considered as one relevant target in a preventive approach. 
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2.3.1.- Cell cycle 

Deregulated cell cycle and resistance to apoptosis are hallmarks of cancer (Ramos, 2008). Cell 

cycle control is a highly regulated process that involves the modulation of cell cycle regulatory 

proteins, including cyclins (cyclin A, B, D, or E), cyclin-dependent kinases (CDKs) (CDK 1, 2, 

4, or 6), and CDK inhibitors, such as p21, p27, p53, and phosphorylated retinoblastoma (pRb) 

(Ramos, 2008). Any alteration of cell cycle-specific proteins can affect and/or block the 

continuous proliferation of cancer cells. In addition, cell cycle checkpoints, such as G1/S and 

G2/M, are also important targets for cocoa and its polyphenols (Table 3). 

Type II topoisomerases (topo II) are enzymes that transiently modify the DNA topology to 

allow DNA replication, transcription and chromosomal recombination and segregation. Thus, 

inhibition of topoisomerases leads to cellular accumulation of DNA strand breaks and can result 

in cell death, which is the desired effect of anti-cancer drugs (Lanoue et al., 2009). Limited topo 

II inhibition and low cellular toxicity were observed for a procyanidin-rich cocoa extract in 

leukemia cells (Lanoue et al., 2009). The dimers (B2, B5 and a mix of both) were the most 

active inhibitors of topo II and proliferation in HL-60 and Raji cells lines (Lanoue et al., 2009). 

Cocoa-derived pentameric procyanidin (pentamer) caused G0/G1 cell cycle arrest in human 

breast cancer  MDA MB-231, MDA MB-436, MDA MB-468, SKBR-3, and MCF-7 cells and 

in benzo(a)pyrene-immortalized 184A1N4 and 184B5 cells, whereas normal human mammary 

epithelial cells in primary culture and spontaneously immortalized MCF-10A cells were 

resistant (Ramljak et al., 2005). Pentamer caused depolarization of mitochondrial membrane in 

MDA MB231 cells but not in MCF-10A cells. In addition, in MDA MB-231 cells, pentamer 

induced a specific dephosphorylation, without changes in protein expression, of key G1-

modulatory proteins, such as Cdc2, forkhead transcription factor and p53, although expression 

and phosphorylation of retinoblastoma protein decreased after pentamer treatment (Ramljak et 

al., 2005). These results showed that breast cancer cells are selectively susceptible to the 
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cytotoxic effects of pentameric procyanidin, and suggested the inhibition of cellular 

proliferation. Accordingly, a natural and synthetic pentameric EC-derived procyanidin inhibited 

the growth of breast cancer MDA MB 231 cells through the induction of cell cycle arrest in 

G0/G1 phase, the subsequent cell death being more likely necrotic rather than apoptotic 

(Kozikowski et al., 2003). Similarly, procyanidin-enriched extracts from cocoa caused growth 

inhibition with a blockade of the cell cycle at G2/M phase in human colonic Caco-2 cells 

(Carnésecchi et al., 2002), and EC induced S phase arrest in the cell cycle progression in LoVo 

colon cancer cells (Tan et al., 2000). Flavanol dimers B1-B4 decreased growth of the androgen-

sensitive (LnCaP) and androgen-resistant (DU145) human prostate cancer cell lines, and PB2, 

oleylated or not, displaced testosterone from membrane androgen receptors and induced DU145 

tumor xenograft regression (Kampa et al., 2011). In addition, procyanidin B3 inhibited 

acetylation-dependent prostate cell proliferation and expression of cell-cycle control genes 

(cyclin E and D1), subsequently increasing cell death in LNCaP cell line (Choi et al., 2011). 

EC seemed to be inactive to induce growth suppression, apoptosis induction, ROS formation 

and mitochondrial depolarization in the metastatic human prostate cancer DU145 cells (Chung 

et al., 2001, Ravindranath, M.H. et al., 2006), but it reduced proliferation of the poorly 

differentiated HH639 epithelial ovarian cancer cells (Ravindranath et al., 2006). 

2.3.2.- Apoptosis 

Apoptosis induction may be considered one of the important targets in a preventive approach 

against cancer. This programmed-cell death is a complex process that involves the active 

participation of affected cells in a self-destruction cascade and is defined by a set of 

characteristic morphological features such as membrane blebbing, shrinkage of the cell and 

nuclear volume, chromatin condensation and nuclear DNA fragmentation due to endonuclease 

activation (Ramos, 2007, Ramos, 2008). At the molecular level, apoptosis shows characteristic 

biochemical hallmarks, and two effector mechanisms: (a) extrinsic, mediated by death receptors 
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CD95/Fas/ Apo1, TNF receptor 1, TNF receptor 2, and death receptors 3 to 6, and (b) intrinsic 

(mitochondria-mediated) (Ramos, 2007). In the mitochondria, propagation of the apoptotic 

signal is regulated by proteins such as Bcl-2 family members (Bcl-2, Bcl-xL, and Bcl-w), which 

exert anti-apoptotic effects, and Bid, Bad, Bak, Bax, and Bim, which exert pro-apoptotic effects 

(Ramos, 2007). Both cascades converge in a common executor mechanism involving DNA 

endonucleases, which cleave regulatory and structural molecules and activated proteases 

(caspases) and lead to the cellular death (Table 4) (Ramos, 2007, Ramos, 2008). 

Procyanidin induced apoptosis in prostate cancer PC-3 cells by altering the mitochondrial 

membrane potential, but when the incubation time was extended the necrotic rate was higher 

than that of the apoptosis (Shang et al., 2009). Accordingly, procyanidin B2 decreased 

expression of the NF-ĸB-regulated anti-apoptotic proteins such as Bcl-xL, Bcl-2, X-linked 

inhibitor of apoptosis protein and cellular FLICE-inhibitory protein (cFLIP), leading to a 

decreased cell viability, although it did not significantly affect the progression of the cell cycle, 

or parameters of apoptosis in Hodgkin´s lymphoma cells (KM-H2, L-428, L-540 and L-1236 

cells) (Mackenzie et al., 2008). Importantly, PB2 did not affect cell viability of Daudi B 

lymphoblast cells and Jurkat T leukemia cells, both lacking constitutive NF-ĸB activation. This 

suggests the involvement of B2-mediated NF-ĸB inhibition in Hodgkin´s lymphoma cell 

survival and the low toxicity of this procyanidin to other cells (Mackenzie et al., 2008). In 

neurons and fibroblasts treated with H2O2, EC glucuronide did not affect the peroxide-increased 

caspase-3 activity, whilst EC and 3´-O-methyl EC reduced the peroxide-induced caspase-3 

activation (Spencer et al., 2001a, Spencer et al., 2001b). In this line, the protection elicited by 

3´-O-methyl EC was not different from that of EC, suggesting that the hydrogen-donating 

antioxidant activity is not the primary mechanism of protection (Spencer et al., 2001b). 

Similarly, phenolic-rich extracts of both unroasted and roasted cocoa prevented the 

programmed cell death induced by celecoxib in MLP29 liver cells, i.e.: diminished the number 
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of cells in the sub-G1 peak and the activation of Bax, partially restored the levels of Bcl-2, and 

decreased the released cytochrome c in the cytosol and the activation of caspase 3 (Arlorio et 

al., 2009). Moreover, the protective effect of cocoa against liver cytotoxicity provoked by 

celecoxib was probably attributable to induction of the autophagic process, as shown by 

enhanced Beclin 1 expression and accumulation of monodansylcadaverine in autolysosomes, 

suggesting that apoptosis was prevented by stimulating autophagy (Arlorio et al., 2009). 

Hexameric procyanidins also delayed the DOC-induced Caco-2 cell apoptosis (Da Silva et al., 

2012). 

Interestingly, a synergistic effect has been reported to induce apoptosis by combination of drugs 

and/or natural compounds and cocoa phenols (Ramos, 2007). In this line, EC showed a major 

synergistic effect on the induction of apoptosis in gastric cancer MKN-45 cells treated with 

epigallocatechin-3-gallate (Horie et al., 2005) and in human lung cancer PC-9 cells (Suganuma 

et al., 1999). Similarly, the combination of curcumin with EC increased the inhibition of cell 

growth as compared to curcumin or EC alone, as well as the apoptosis rate and the expression 

of related genes to the programmed cell death such as GADD153 and GADD45 in PC-9 cells 

(Saha et al., 2010). 

2.3.3.- Proliferation/survival 

The most important signaling pathways regulating cell proliferation and survival involve 

PI3K/AKT, growth factor receptors/Ras/MAPKs, and NF-κB, which also importantly 

contributes to the inflammatory process, as mentioned above (Table 5) (Ramos, 2008). 

Cocoa phenolic compounds can interact with signaling proteins and modulate their activity. A 

cocoa extract and EC exerted a neuroprotective effect by down-regulating proteins involved in 

apoptosis such as p38 and phosphorylated JNK (Ramiro-Puig et al., 2009). Moreover, a cocoa 

procyanidin fraction and PB2 inhibited TPA-induced neoplastic transformation of JB6 P+ 

mouse epidermal cells, COX-2 expression, phosphorylation of MEK and p90 ribosomal s6 
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kinase and attenuated activator protein-1 (AP1) and NF-ĸB stimulations (Kang et al., 2008). In 

this study, it was demonstrated that the cocoa procyanidin fraction and PB2 inhibited the kinase 

activity of MEK1 and directly bound with MEK1. PB2 and a cocoa polyphenolic extract also 

protected colonic Caco-2 cells against acrylamide-induced cytotoxicity by blocking the 

activation of the apoptotic pathway as prevented the increase in the levels of p-JNK induced by 

the toxicant, whereas ERK seemed to play an indirect protective role through the promotion of 

cell proliferation and survival signaling (Rodriguez-Ramiro et al., 2011b). Similarly, hexameric 

procyanidins prevented oncogenic events initiated by DOC through the interaction with Caco-2 

cell membranes, and inhibited the DOC-promoted activation of AKT, ERK and p38, as well as 

the downstream transcription factor AP-1 (Da Silva et al., 2012). In monocytes, PB2 dimer 

decreased the endotoxin-induced expression of COX-2, through the inhibition of MAPKs (p38, 

JNK, and ERK) and NF-κB (Zhang, et al., 2006). However, PB2 and EC did not have an 

obvious effect on Caco-2 and SW480 colon carcinoma cells, whereas PB2 promoted cell 

growth in SW480 cells by increasing p-AKT and p-ERK levels (Ramos et al., 2011). This 

different response depends on the distinct chemical structure of the compound and the different 

degree of cell differentiation: it ranges from no effect of any of the flavanols on Caco-2 cells to 

a survival/proliferative effect of PB2 on SW480 cell line. This highlights the importance of an 

holistic approach to the study of the biological effects of phytochemicals and calls for caution 

on the conclusions derived from their studies (Ramos et al., 2011). In addition, it has been 

suggested that the capacity of procyanidins to interact with the cell membrane and to prevent 

those cell membrane-associated events can in part explain their effects (Da Silva et al., 2012). 

EC had no prominent effects on the HepG2 cell rate (Ramos et al., 2005), it did not induce the 

caspase cascade for apoptosis or affect the expression of pro-apoptotic Bcl-2 proteins, such as 

Bax or Bcl-x, but induced a sustained activation of the major survival signals (Granado-Serrano 

et al., 2007). In this regard, EC induced a time-dependent regulation of survival/proliferation 
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pathways in HepG2 cells (Granado-Serrano et al., 2009). EC-induced cell survival was a rapid 

event that was accompanied by early and sustained activation of AKT and ERK, as well as 

protein kinase C (PKC)-α, in concert with unaltered JNK levels and early inactivation of key 

death-related signals like PKC-δ. All these suggest that EC induces cellular survival through a 

tight regulation of survival/proliferation pathways that required the integration of different 

signals and persists over time (Granado-Serrano et al., 2009).  

 

2.4.- Effects on angiogenesis and metastasis 

Angiogenesis, the formation and growth of new blood vessels from preexisting 

microvasculature (Ramos, 2008), is a key stage in tumor growth, invasion, and metastasis 

(Table 6). 

Cocoa polyphenols inhibited TNFα-induced up-regulation of vascular endothelial growth factor 

(VEGF) by reducing TNFα-induced activation of the nuclear transcription factors AP-1 and 

NF-ĸB, which are key regulators of VEGF expression (Kim et al., 2010). Similarly, (+)-

catechin inhibited tumour-specific angiogenesis by regulating the production of pro- and anti-

angiogenic factors such as pro-inflammatory cytokines, nitric oxide, VEGF, IL-2 and tissue 

inhibitor of metalloproteinase-1 (Guruvayoorappan and Kuttan, 2008). In addition, in (+)-

catechin-treated animals the TNFα production, the proliferation, migration and tube formation 

of endothelial cells as well as the microvessel outgrowth in the rat aortic ring assay were 

inhibited (Guruvayoorappan and Kuttan, 2008). Accordingly, it has been reported that the 

chemical modification of EC by its acylation improved the anti-cancer and anti-angiogenic 

activities of this flavanol (Matsubara et al., 2007). EC conjugated with fatty acid (acyl-catechin) 

strongly inhibited DNA polymerase activity, HL-60 cell growth and angiogenesis. EC 

conjugated with palmitic acid ((2R,3R)-3′,4′,5,7-tetrahydroxyflavan-3-yl hexadecanoate, 

epicatechin-C16) was the strongest inhibitor in DNA polymerase α, β, λ and angiogenesis 
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assays. Epicatechin-C16 also suppressed human endothelial cell (HUVEC) tube formation on 

reconstituted basement membrane, suggesting that it affected not only DNA polymerase 

activity but also the signal transduction pathways needed for the tube formation in HUVECs 

(Matsubara et al., 2007). 

Metastasis involves the interplay of extracellular matrix degradation, proteolysis, cell adhesion, 

cell migration, angiogenesis, and invasion. Dietary polyphenols have also been reported to 

interfere with cancer cell adhesion and movement processes through multiple mechanisms 

(Ramos, 2008). Inhibition of gap-junction intercellular communication is strongly related to 

tumorigenesis (Ramos, 2008). Cocoa polyphenol extracts dose-dependently attenuated H2O2-

induced inhibition of gap-junction intercellular communication in rat liver epithelial cells (Lee 

et al., 2010). Cocoa polyphenol extracts also inhibited the H2O2-induced phosphorylation and 

internalization of connexin 43, the accumulation of ROS and activation of ERK through the 

direct binding to MEK1, to inhibit its activity (Lee et al., 2010). Importantly, EC arrested 

growth of murine mammary 4T1 cancer cells, decreased ROS generation, downregulated 

metalloprotease-9 and inhibited invasion of tumor cells into embryonic stem cell-derived and 

into vascularized tissues (Günther et al., 2007). 

 

3.- Studies in animal models 

Animal studies offer a unique opportunity to assess the contribution of the physiological effects 

of consumption of cocoa and cocoa components in different models of carcinogenesis.  

Before considering application of a compound or product for prevention of cancer, 

toxicological and safety issues also have to be considered. Hence, no evidence of 

carcinogenicity was found in a chronic study of dietary doses as high as 5% of cocoa powder in 

rats (Tarka et al., 1991). On the contrary, extracts of cocoa have been shown to decrease the 

mutagenicity of carcinogens assayed by different tests. Cocoa liquor polyphenols showed an 
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inhibition of the mutagenic effect of the heterocyclic amines in the Ames test (Yamagishi et al., 

2000, Yamagishi et al., 2002). Likewise, in the micronucleus test in mice, cocoa liquor 

polyphenols administered orally reduced the occurrence of micronucleated cells after the 

injection of the potent DNA crosslinker mitomycin C (Yamagishi et al., 2001). 

Although current data are limited, cancer prevention by cocoa and its major components has 

been studied in different animal models for genetic and chemically-induced cancer, including 

mammary, pancreatic, lung, thyroid, prostate, leukemia, hepatic and colorectal cancers. Most of 

these studies have been conducted with cocoa polyphenol extracts or with pure compounds, 

whereas two of them have been conducted with a cocoa enriched diet (Table 7). The 

mechanisms involved in this protective effect of cocoa and its flavonoids appear at different 

stages of the carcinogenesis process, both in phases of tumor initiation and promotion and in 

tumor progress and metastasis. The following is a review of studies on the individual cancer 

types (Table 7). 

 

3.1.- Mammary and pancreatic cancers 

Cacao liquor is a major ingredient of chocolate and cocoa that is abundant in polyphenols, 

including catechins and their oligomers B-type proanthocyanidins (Natsume et al., 2000). 

Cacao liquor proanthocyanidins (CLPr) exerted inhibitory effects on the mutagenicity induced 

by diverse heterocyclic amines such as 1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) 

(Yamagishi et al., 2000, Yamagishi et al., 2002). Yamagishi et al. (2002) investigated the 

potential protective effect of CLPr on PhIP-induced mammary and pancreas carcinogenesis in 

female Sprague–Dawley rats. CLPr were incorporated into the basal diet at doses of 0.025% or 

0.25% during the initiation or the post-initiation period of PhIP-induced carcinogenesis. They 

found that the incidences of pre-neoplastic lesions in the exocrine pancreas were dose-

dependently decreased by CLPr given during the initiation period, although the multiplicities in 
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each group were not significantly different. On the other hand, the incidences, multiplicities, 

and volumes of fibroadenomas or adenocarcinomas in mammary tumors showed a tendency to 

decrease at the dose of 0.25% CLPr (post-initiation) although without statistical significance. 

This different organ effect might be due to dissimilar concentrations of CLPr in the target 

tissues. Altogether, CLPr diet administered during the initiation period of PhIP-induced 

carcinogenesis was able to inhibit the initiation stage of pancreatic but not mammary 

carcinogenesis. Irrespective of the mechanisms involved, oxidative stress is implicated in the 

initiation phases of carcinogenesis (Reuter et al., 2010); therefore, due to the amount of 

antioxidant flavonoids in CLPr (Natsume et al., 2000), their administration during the initiation 

period seems to provoke an inhibitory effect against oxidative stress associated with the 

initiation stage of carcinogenesis. 

 

3.2.- Lung and thyroid cancers 

CLPr administered in the post-initiation period was also effective in suppressing lung and 

thyroid carcinogenesis (Yamagishi et al., 2003). In this study, the inhibitory effect of CLPr 

against tumorigenesis was examined in F344 male rats using a multi-organ initiation model. 

The multi-organ carcinogenesis model using diethylnitrosamine (DEN), N-methylnitrosourea 

(MNU), N-butyl-N-(4-hydroxybutyl)nitrosamine, dimethylhydrazine and 2,2’-dihydroxy-di-n-

propylnitrosamine as initiators (DMBDD treatment) is a useful tool for screening 

chemopreventive as well as tumorigenic activities of chemicals (Ito et al., 1996). CLPr was 

incorporated into the basal diet at a dose of 0.025% or 0.25%, starting 1 week after the final 

carcinogen treatment. At the end of the experimental period (36 weeks), significant reduction of 

adenocarcinoma development in the lungs and a tendency for a decrease in thyroid lesions were 

found, without any adverse effects in any major organ. Furthermore, the fact that CLPr 

decreased the development of carcinomas in the lung but not that of hyperplasias and adenomas 
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suggested some influence on progression from adenoma to carcinoma. Interestingly, the 

DMBDD group treated with the highest dose of CLPr further exhibited a higher survival rate 

than the DMBDD alone group. This effect seems to be the consequence of a delay in tumor 

development in the CLPr group, as evidenced by a significantly lower incidence of lung tumors, 

and albeit non-significant, lower incidences of pituitary, Zymbal’s gland and urinary bladder 

tumors, kidney nephroblastomas and angiosarcomas. 

 

3.3.- Prostate cancer 

The effects of cocoa polyphenols have also been studied against experimental prostate 

carcinogenesis in male Wistar–Unilever rats (Bisson et al., 2008). In this study, a polyphenolic 

extract obtained from a polyphenolic-enriched cocoa powder (Acticoa powder –AP-) was used. 

AP is a cocoa that contains a high percentage of flavanols preserved thanks to a patented 

process developed by Barry Callebaut (Louviers, France). The polyphenolic-enriched cocoa 

extract was given orally at doses of 24 and 48 mg/kg body weight starting two weeks before 

induction of prostate carcinogenesis and throughout the experiment (36 weeks). The induction 

of prostate tumors was performed using the direct acting chemical carcinogen MNU followed 

by chronic androgen stimulation with testosterone (Boileau et al., 2003). The administration of 

24 mg/kg of AP extract before the initiation and the promotion phases of cancer induction 

significantly reduced the incidence of prostate lesions in rats. However, the number of 

preneoplastic and neoplastic lesions observed in rats given 48 mg/kg of AP extract was higher 

than the observed in the group treated with 24 mg/kg. The reasons for this result could be that a 

higher dose of cocoa rich-polyphenolic extract may involve a mechanism of regulation such as 

a negative feedback that might enhance the development of prostate tumors rather than 

inhibiting them. Finally, similar to what has been found with cocoa liquor procyanidins 
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(Yamagishi et al., 2003), the preventive treatment of rats with AP extract at the low dose of 24 

mg/kg was associated with greater longevity. 

 

3.4.- Leukemia 

One of the major cocoa constituent, EC, has also showed to possess anti-carcinogenic activity 

in vivo. Papiez et al. (2011) have recently demonstrated that EC exert genotoxic and necrotic 

effects in Brown Norway rat myeloid leukemia cells. These properties may have utility in 

anticancer therapy against acute myeloid leukemia. The Brown Norway rat myeloid leukemia 

model used in this work was developed after intravenous inoculation with 10
6
 splenic-derived 

leukemia cells in Brown Norway rats. EC was given by gavage at a dose of 40 mg/kg body 

weight for 22 consecutive days from the second day after inoculation. The results indicated that 

EC was able to induce selective necrotic cell death in leukemia bone marrow. Likewise, there 

was a tendency for an increase of early apoptotic cells. On the contrary, EC induced neither 

necrosis nor apoptosis of non-leukemia cells. Thus, it could be suggested that EC will be 

helpful by inducing death in cancerous cells which are resistant to apoptosis, while inducing no 

toxicity in healthy cells. 

 

3.5.- Hepatic cancer 

The first animal study on the chemopreventive effects of a cocoa diet was performed by 

Granado-Serrano et al. (2009). Male Wistar rats were treated with DEN, a potent hepatotoxic 

agent, to induce liver hepatocarcinogenesis (Köhle et al., 2008, Sivaramakrishnan et al., 2008, 

Sundaresan and Subramanian, 2008). The basal diet was supplemented with 16% powdered 

Natural Forastero cocoa. To test both the preventive and the potential therapeutic activity of the 

cocoa-rich diet, the dietary intervention started either before or after the induction of 

hepatotoxicity. At the end of the intervention period (6 weeks), it was observed that the cocoa 
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diet protected the liver against the oxidative damage induced by DEN through the modulation 

of the activities of several Phase I (GR, GPx and catalase) and Phase II (GST) enzymes. More 

interestingly, the protective effect of cocoa also involved the regulation of key proteins of cell 

signaling cascades, which play a main role in the promotion of carcinogenesis. In particular, 

cocoa exerted an anti-apoptotic effect in the liver of DEN-treated animals that was associated 

with the prevention of both JNK and caspase-3 activations. The cocoa-diet also prevented the 

DEN-induced increase of the survival/proliferation signal PI3K/AKT, which has been 

considered a critical factor in the aggressiveness of hepatocellular cancer and has been 

associated with poor prognosis in liver cancer (Parekh and Rao, 2007, Schimtz et al., 2007). In 

detail, cocoa diet completely counteracted the hepatic damage induced by DEN in both pre-and 

post-treated animals, as phase I and II enzymes showed comparable values to those of animals 

only fed with cocoa or to control rats, and JNK levels were similar to untreated animals 

(Granado-Serrano et al., 2009). In addition, caspase-3 activity was not modified in animals fed 

with cocoa before DEN injection when compared to control rats, whereas animals receiving 

cocoa after DEN injection showed values of caspase-3 activity in between the levels of 

untreated animals and rats only injected with DEN. Altogether, these effects indicated a 

potential attenuation of the post-necrotic proliferation induced by DEN and a reduction of the 

number of initiated cells. 

 

3.6.- Colon cancer 

Cocoa has a high concentration of polyphenols such as procyanidins that are poorly absorbed in 

the intestine where they may have an important antioxidant and anti-inflammatory local 

function; therefore, they could have a major role in the prevention of colorectal cancer onset 

and development. Accordingly, the potentially important role of cocoa and their phenolic 

compounds for colon cancer prevention was first demonstrated by Weyant et al. (2001). In this 
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study, a genetic model of multiple intestinal neoplasia, the C57BL/6J Min/+ (Min/+) mice, was 

used. Min/+ mice have one mutated allele of the adenomatous polyposis coli (Apc) gene and 

spontaneously develop multiple intestinal tumors (Su et al., 1992); therefore, it is considered a 

reasonable murine model of inherited (familial adenomatous polyposis) and sporadic colorectal 

cancer in humans. Using this model, the authors demonstrated that the cocoa flavonoid catechin 

added to a diet in concentrations of 0.1 and 1%, was able to diminish the formation of intestinal 

tumors by 75 and 71%, respectively. Further mechanistic studies linked this effect to (+)-

catechin-induced changes in integrin-mediated intestinal cell-survival signaling, including 

structural alteration of the actin cytoskeleton and decreased focal adhesion kinase (FAK) 

tyrosine phosphorylation. FAK has been implicated in the regulation of cell migration, one of 

the earliest changes in adenoma development (Mahmoud et al., 1999), suggesting that (+)-

catechin could prevent the progression of initiated enterocytes to the adenoma stage.  

More recently, the chemopreventive ability of a cocoa rich-diet on colon carcinogenesis has 

been studied in detail in male Wistar rats using the well-defined azoxymethane (AOM)-induced 

colon cancer model (Rodrıiguez-Ramiro et al., 2011). Administration of the colon-specific 

carcinogen AOM to rodents provokes the development of aberrant crypt foci, pre-neoplastic 

lesions in the colon that may progress into cancer later on (Pritchard and Grady, 2011). Animals 

were fed with a cocoa-enriched diet (12%) starting two weeks before the carcinogenic induction 

and throughout the experimental period (8 weeks). This study demonstrated that a cocoa-rich 

diet could prevent the early stage of chemically induced colorectal cancer in rats. Cocoa feeding 

significantly reduced AOM-induced colonic aberrant crypt foci formation and crypt 

multiplicity. At the molecular level, the chemopreventive effects elicited by cocoa were due at 

least in part to its anti-oxidative and anti-inflammatory properties. Indeed, cocoa feeding was 

able to prevent oxidative stress by reverting to control values the diminished levels of GSH and 

the activities of GPx, GR and GST provoked by the toxicant. The cocoa-rich diet also prevented 



28 

 

the subsequent increase in AKT and ERK phosphorylation induced by AOM and the decrease 

in the levels of the proliferative marker cyclin D1 as well as cell proliferation. In addition, 

cocoa polyphenols suppressed intestinal inflammation induced by AOM through the inhibition 

of NF-κB signaling and the downregulation of the pro-inflammatory enzyme expressions of 

COX-2 and iNOS (Rodrıiguez-Ramiro et al., 2012). Finally, cocoa was also able to induce 

apoptosis as another complementary mechanism of chemoprevention during the progression of 

carcinogenesis through the upregulation of Bax levels and the downregulation of Bcl-xL 

(Rodrıiguez-Ramiro et al., 2012). 

 

4.- Studies in humans 

Although animal studies have indicated cancer preventive activity of cocoa, extrapolation of the 

results to the human situation is difficult. Exposure of humans to low doses of endogenous or 

exogenous carcinogens and tumor promoters may occur constantly and life-long. Additionally, 

the response of humans to carcinogens and chemoprotective agents may be influenced by 

genetic polymorphisms, changes in DNA methylation and epigenomic events (Milner, 2006). 

Indeed, epidemiologic studies of cocoa intake and cancer risk are few, and those assessing 

mortality by cancer provide only weak support for a benefit of cocoa. Consequently, 

confirmation of cancer preventive efficacy in humans requires large and long-lasting controlled 

clinical trials. 

 

4.1.- Epidemiologic studies 

Substantial laboratory data suggest that flavonoid-rich food could help to prevent 

cardiovascular disease and cancer (Andújar et al., 2012). Since cocoa is one of the richest 

sources of flavonoids, populations with a diet rich in cocoa products should show a significant 

protection against these two pathologies. 
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Perhaps the most prominent case in support of the cancer preventive effect of cocoa in humans 

is the Kuna tribe in Panama. The Kuna living in the San Blas district of Panama drink a 

flavanol-rich cocoa as their main beverage, contributing more than 900 mg/day and thus 

probably have the most flavonoid-rich diet of any population (Bayard et al., 2007). Examination 

of death certificates to compare cause-specific death rates from year 2000 to 2004 in mainland 

Panama and the San Blas islands where Kuna live, indicated that the rate of cardiovascular 

disease, diabetes mellitus and cancer among island-dwelling Kuna was much lower than in 

mainland Panama. This comparatively lower risk among Kuna from two of the most common 

causes of morbidity and mortality possibly reflects a very high flavanol intake. However, there 

are many risk factors and an observational study cannot provide definitive evidence (Bayard et 

al., 2007).  

Also in support of the anticancer effect of cocoa is a case-control study carried out in Spain 

(Garcia-Closas et al., 1999). The authors reported an inverse relation between the incidence of 

gastric cancer and flavonoid consumption. Additionally, data from the Iowa Women’s Study, 

established an inverse epidemiological relation between catechin consumption and the 

incidence of rectal cancer in post-menopausal women (Arts et al., 2002). 

Nevertheless, some human studies have failed to show a beneficial impact of cocoa intake in 

the rate of cancer appearance. A French study showed no significant association between a high 

chocolate dietary pattern and any stage of colorectal disease ranging from polyps, to adenomas, 

and colorectal cancer (Rouillier et al., 2005). An adenoma study in North Carolina also failed to 

observe a significantly lower prevalence of adenomatous polyps and colorectal cancer with 

chocolate consumption (McKelvey et al., 2000). Panelli et al. (1989) examined changes in 

mortality from urinary bladder cancer in Italy during the years 1950-81 in relation to changes in 

smoking habits and in coffee, cocoa and tea consumption. The authors found an increase of 

mortality throughout this period that was related to occupational exposures and to high-tar-
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content tobacco smoking, but consumption of coffee, cocoa and tea did not seem to be related 

to the increase in bladder cancer risk in Italy.  

In the Zutphen study, a prospective cohort study of 806 men aged 65 to 84 years at baseline, 

catechin intake was not associated with epithelial cancer or lung cancer when the models were 

adjusted for confounders (Arts et al., 2001). In a clinical trial carried out in Greece with cases 

(820) and controls (1,548) no significant association was found between flavanol consumption 

and the incidence of breast cancer (Peterson et al., 2003). In addition, in a recent update 

including data from 1965 to 2011, the authors showed a lack of solid evidence supporting a 

prevention of oral cancer by flavonoid intake (Varoni et al., 2012). 

Finally, there are a number of human studies that have shown a negative effect of cocoa intake 

on cancer incidence. In a case-control study in Burgundy (France), chocolate was identified as a 

risk factor for colorectal cancer (Boutron-Ruault et al., 1999). A correlation study on the 

association of disease rates with the dietary practices in various geographical areas has 

suggested that exposure to cocoa during prenatal life or childhood may be associated to the risk 

of both hypospadias and testicular cancer in the offspring (Giannandrea, 2009). However, the 

association between male reproductive diseases and consumption of cocoa has been linked to 

reproductive toxicity of cocoa theobromine (EFSA, 2008, Wang et al., 1992). In any case, the 

overall association at least may serve to stimulate further epidemiological and experimental 

studies. 

 

4.2.- Intervention studies 

Research on the incidence of flavanol intake and cancer risk in human subjects has been mostly 

focused on green and black tea consumption (Yang et al., 2009). Cocoa flavanols, monomeric 

catechins and polymeric procyanidins, are similar to those in tea and they also decrease the 

adverse effects of ROS. However, they have different chemical structures and different 
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metabolic functions, therefore, antimutagenic and anticancer properties reported for tea 

phenolics could not be attributed to cocoa flavanols. There are properly no human intervention 

studies attempting to show a correlation between cocoa intake and cancer prevention, but a few 

human intervention trials indicate that cocoa favorably affects intermediary factors in cancer 

progression (Maskarinec, 2009). 

Chronic inflammation and oxidative stress are significant contributing factors to carcinogenesis. 

ROS can damage DNA and interfere with DNA repair, leading to mutations that favor 

uncontrolled cell growth and replication. Thus, the antioxidant activity of cocoa flavanols is of 

particular interest for its potential influence on the initiation stage of carcinogenesis. In this line, 

Spadafranca et al. (2010) have demonstrated that dark chocolate consumption significantly 

improved DNA resistance to oxidative stress. In this study healthy subjects were assigned to a 

daily intake of 45 g of dark chocolate or white chocolate for 14 days and oxidative damage to 

mononuclear blood cells DNA was reduced in the dark chocolate group 2 h after consumption; 

22 h later the effect disappeared. 

In vitro and ex vivo studies support an anti-inflammatory effect of cocoa flavanols, but these 

effects have not always been replicated in vivo (Selmi et al., 2008). Thus, cocoa consumption 

reduced NF-κB activation in peripheral blood mononuclear cells in healthy voluntaries 

(Vázquez-Agell et al., 2011), but biomarkers of inflammation, including IL-6, were unaffected 

in patients at high risk of cardiovascular disease consuming cocoa powder (Monagas et al., 

2009). Overall, an increasing number of human trials have assessed changes in markers of 

oxidative stress and inflammation with cocoa products (reviewed by Maskarinec, 2009). 

However, whether modification of any of these parameters will correlate with a lower incidence 

of appearance or development of specific cancers is highly debatable. 

 

5.- Conclusion 
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This review addresses the potential anti-carcinogenic mechanisms of action that have been so 

far identified for cocoa and its main phenolic compounds, as well as the feasibility that they 

could occur in vivo. In general terms, those cellular mechanisms include the modulation of the 

redox status and multiple key elements in signal transduction pathways related to cell 

proliferation, differentiation, apoptosis, inflammation, angiogenesis and metastasis. Studies 

performed in animals have demonstrated that cocoa and its main phenolic components can 

prevent and/or slow down the initiation-progression of different types of cancers such as cancer 

of prostate, liver, colon, leukemia, etc. In addition, several human intervention studies have 

reported some favorable changes in biomarkers assessing antioxidant status. However, caution 

is needed when attempting to extrapolate the in vitro observations to in vivo animal tumor 

models and, most importantly, to humans. Cocoa products deserve further investigations since 

the molecular mechanisms of action are not completely characterized and many features remain 

to be elucidated. Additionally, more extensive, well-controlled clinical trials are needed to fully 

evaluate the potential of cocoa in terms of optimal dose, route of administration and cancer 

targets. Overall, these studies suggest that the daily consumption of small amounts of flavanols 

and procyanidins from cocoa or chocolate, in conjunction with usual dietary intake of 

flavonoids from mixed food sources, could offer a natural therapeutic approach to improve 

individual health status including potential efficient cancer prevention with minimal toxicity. 



33 

 

Conflict of interest  

The authors declare that there are no conflicts of interest. 

 

Acknowledgements 

This work was supported by the grants AGL2010-17579 and CSD2007-00063 from the Spanish 

Ministry of Science and Innovation (MICINN). 



34 

 

References 

Andújar, I., Recio, M.C., Giner, R.M. and Ríos, J.L., 2012. Cocoa polyphenols and their 

potential benefits for human health. Oxid. Med. Cell. Longev. 

doi:10.1155/2012/906252,  

Arlorio, M., Bottini, C., Travaglia, F., Locatelli, M., Bordiga, M., Coïsson, J.D., Martelli, 

A. and Tessitore, L., 2009. Protective activity of Theobroma cacao L. phenolic 

extract on AML12 and MLP29 liver cells by preventing apoptosis and inducing 

autophagy. J. Agric. Food Chem. 57, 10612-10618. 

Arts, C., Holmann, P., Bueno de Mesquita, H., Feskens, E. and Kromhout, D., 2001. 

Dietary catechins and epithelial cancer incidence: The Zutphen elderly study. Int. 

J. Cancer. 92, 298–302. 

Arts, I., Jacobs Jr, D., Gross, M., Harnack, L. and Folsom, A., 2002. Dietary catechins and 

cancer incidence among postmenopausal women: the Iowa Women’s Health Study 

(United States). Cancer Causes Control. 13, 373-382. 

Azam, S., Hadi, N., Khan, N. and Hadi, S., 2004. Prooxidant property of green tea 

polyphenols epicatechin and epigallocatechin-3-gallate: implications for anticancer 

properties. Toxicol. in Vitro. 18, 555-61. 

Baba, S., Osakabe, N., Yasuda, A., Natsume, M., Takizawa, T., Nakamura, T. and Terao, 

J., 2000. Bioavailability of (2)-epicatechin upon intake of chocolate and cocoa in 

human volunteers. Free Radic. Res. 33, 635-641. 

Bahia, P., Rattray, M. and Williams, R., 2008. Dietary flavonoid (-)epicatechin stimulates 

phosphatidylinositol 3-kinase-dependent anti-oxidant response element activity 

and up-regulates glutathione in cortical astrocytes. J. Neurochem. 106, 2194-2204. 

Basu-Modak, S., Gordon, M.J., Dobson, L.H., Spencer, J.P.E., Rice-Evans, C. and Tyrrell, 

R.M., 2003. Epicatechin and its methylated metabolite attenuate UVA-induced 

oxidative damage to human skin fibroblasts. Free Rad. Biol. Med. 35, 910-921. 



35 

 

Bayard, V., Chamorro, F., Motta, J. and Hollenberg, N.K., 2007. Does flavanol intake 

influence mortality from nitric oxide-dependent processes? Ischemic heart disease, 

stroke, diabetes mellitus, and cancer in Panama. Int. J. Med. Sci. 4, 53-58. 

Bisson, J.F., Guardia-Llorens, M.A., Hidalgo, S., Rozan, P. and Messaoudi, M., 2008. 

Protective effect of Acticoa powder, a cocoa polyphenolic extract, on prostate 

carcinogenesis in Wistar-Unilever rats. Eur. J. Cancer Prev. 17, 54-61. 

Boileau, T.W., Liao, Z., Kim , S., Lemeshow, S., Erdman, J.W. and Clinton, S.K., 2003. 

Prostate carcinogenesis in N-methyl-N-nitrosourea (NMU)-testosteronetreated rats 

fed tomato powder, lycopene, or energy-restricted diets. J. Natl. Cancer Inst. 95, 

1578-1586. 

Boutron-Ruault, M.C., Senesse, P., Faivre, J., Chatelain, N., Belghiti, C. and Méance, S., 

1999. Foods as risk factors for colorectal cancer: a case-control study in Burgundy 

(France). Eur. J. Cancer Prev. 8, 229-235. 

Carnésecchi, S., Schneider, Y., Lazarus, S.A., Coehlo, D., Gossé, F. and Raul, F., 2002. 

Flavanols and procyanidins of cocoa and chocolate inhibit growth and polyamine 

biosynthesis of human colonic cancer cells. Cancer Lett. 175, 147-155. 

Chen, L., Yang, X., Jiao, H. and Zhao, B., 2002. Tea catechins protect against lead-

induced cytotoxicity, lipid peroxidation, and membrane fluidity in HepG2 cells. 

Toxicol. Sci. 69, 149-156. 

Chen, L., Yang, X., Jiao, H. and Zhao, B., 2003. Tea catechins protect against lead-

induced ROS formation, mitochondrial dysfunction, and calcium dysregulation in 

PC12 cells. Chem. Res. Toxicol. 16, 1155-1161. 

Cheng, Y.T., Wu, C.H., Ho, C.Y. and Yen, G.C., 2013. Catechin protects against 

ketoprofen-induced oxidative damage of the gastric mucosa by up-regulating Nrf2 

in vitro and in vivo. J. Nutr. Biochem. 24, 475-483.  



36 

 

Choi, K.C., Park, S.Y., Lim, B.J., Sung, A.R., Lee, Y.H., Shiota, M., Yokomizo, A., 

Naito, S., Na, Y. and Yoon, H.G., 2011. Procyanidin B3, an inhibitor of histone 

acetyltransferase, enhances the action of antagonist for prostate cancer cells via 

inhibition of p300-dependent acetylation of androgen receptor. Biochem. J. 433, 

235-244. 

Chung, L., Cheung, T., Kong, S., Fung, K., Choy, Y., Chan, Z. and Kwok, T., 2001. 

Induction of apoptosis by green tea catechins in human prostate cancer DU145 

cells. Life Sci. 68, 1207–1214. 

Da Silva, M., Jaggers, G.K., Verstraeten, S.V., Erlejman, A.G., Fraga, C.G. and Oteiza, 

P.I., 2012. Large procyanidins prevent bile-acid-induced oxidant production and 

membrane-initiated ERK1/2, p38, and Akt activation in Caco-2 cells. Free Rad. 

Biol. Med. 52, 151-159. 

Delgado, M.E., Haza, A.I., García, A. and Morales, P., 2009. Myricetin, quercetin, (+)-

catechin and (-)-epicatechin protect against N-nitrosamines-induced DNA damage 

in human hepatoma cells. Toxicol. in Vitro. 23, 1292-1297. 

Dillinger, T.L., Barriga, P., Escarcega, S., Jimenez, M., Salazar-Lowe, D. and Grivetti, 

L.E., 2000. Food of the gods: cure for humanity? A cultural history of the 

medicinal and ritual use of chocolate. J. Nutr. 130, 2057S-2072S. 

Erlejman, A.G., Fraga, C.G. and Oteiza, P.I., 2006. Procyanidins protect Caco-2 cells 

from bile acid- and oxidant-induced damage. Free Rad. Biol. Med. 41, 1247-1256. 

Erlejman, A.G., Jaggers, G., Fraga, C.G. and Oteiza, P.I., 2008. TNFα-induced NF-κB 

activation and cell oxidant production are modulated by hexameric procyanidins in 

Caco-2 cells. Arch. Biochem. Biophys. 476, 186-195. 



37 

 

European Food Safety Authority (EFSA). Theobromine as undesirable substances in 

animal feed. Scientific opinion of the panel on contaminants in the food chain, 

2008. EFSA J. 725, 1-66. 

Finkel, T. and Holbrook, N., 2000. Oxidants, oxidative stress and the biology of ageing. 

Nature. 408, 239-247. 

Garcia-Closas, R., Gonzalez, C., Agudo, A. and Riboli, E., 1999. Intake of specific 

carotenoids and flavonoids and the risk of gastric cancer in Spain. Cancer Causes 

Control. 10, 71-75. 

Giannandrea, F., 2009. Correlation analysis of cocoa consumption data with worldwide 

incidence rates of testicular cancer and hypospadias. Int. J. Environ. Res. Public 

Health. 6, 568-578. 

Granado-Serrano, A., Martin, M., Goya, L., Bravo, L. and Ramos, S., 2009. Time-course 

regulation of survival pathways by epicatechin on HepG2 cells. J. Nutr. Biochem. 

20, 115-124. 

Granado-Serrano, A., Martin, M., Izquierdo-Pulido, M., Goya, L., Bravo, L. and Ramos, 

S., 2007. Molecular mechanisms of (-)-epicatechin and chlorogenic acid on the 

regulation of the apoptotic and survival/proliferation pathways in a human 

hepatoma cell line. J. Agric. Food Chem. 55, 2020-2027. 

Granado-Serrano, A.B., Martín, M.A., Bravo, L., Goya, L. and Ramos, S., 2009. A diet 

rich in cocoa attenuates N-nitrosodiethylamine-induced liver injury in rats. Food 

Chem. Toxicol. 47, 2499-2506. 

Granado-Serrano, A.B., Martín, M.A., Haegeman, G., Goya, L. and Bravo, L., 2010. 

Epicatechin induces NF-kB, activator protein-1 (AP-1) and nuclear transcription 

factor erythroid 2p45-related factor-2 (Nrf2) via phosphatidylinositol-3-



38 

 

kinase/protein kinase B (PI3K/AKT) and extracellular regulated kinase (ERK) 

signalling in HepG2 cells. Brit. J. Nutr. 103, 168-179. 

Gu, L., Kelm, M.A., Hammerstone, J.F., Beecher, G., Holden, J., Haytowitz, D., 

Gebhardt, S. and Prior, R.L., 2004. Concentrations of proanthocyanidins in 

common foods and estimations of normal consumption. J. Nutr. 134, 613-617. 

Günther, S., Ruhe, C., Derikito, M.G., Böse, G., Sauer, H. and Wartenberg, M., 2007. 

Polyphenols prevent cell shedding from mouse mammary cancer spheroids and 

inhibit cancer cell invasion in confrontation cultures derived from embryonic stem 

cells. Cancer Lett. 250, 25-35. 

Guruvayoorappan, C. and Kuttan, G., 2008. (+)-Catechin inhibits tumour angiogenesis 

and regulates the production of nitric oxide and TNF-alpha in LPS-stimulated 

macrophages. Innate Immun. 14, 160-174. 

Halvorsen, B.L., Carlsen, M.H., Phillips, K.M., Bohn, S.K., Holte, K., Jacobs, D.R.J. and 

Blomhoff, R., 2006. Content of redox-active compounds (i.e., antioxidants) in 

foods consumed in the United States. Am. J. Clin. Nutr. 84, 95-135. 

Haza, A.I. and Morales, P., 2011. Effects of (+)catechin and (-)epicatechin on heterocyclic 

amines-induced oxidative DNA damage. J. Appl. Toxicol. 31, 53-62. 

Holt, R.R., Lazarus, S.A., Sullards, M.C., Zhu, Q.Y., Schramm, D.D., Hammerstone, J.F., 

Fraga, C.G., Schmitz, H.H. and Keen, C.L., 2002. Procyanidin dimer B2 

[epicatechin-(4b-8)-epicatechin] in human plasma after the consumption of a 

flavanol-rich cocoa. Am. J. Clin. Nutr. 76, 798-804. 

Horie, N., Hirabayashi, N., Takahashi, Y., Miyauchi, Y., Taguchi, H. and Takeishi, K., 

2005. Synergistic effect of green tea catechins on cell growth and apoptosis 

induction in gastric carcinoma cells. Biol. Pharm. Bull. 28, 574-579. 



39 

 

Hurst, W.J., Tarka, S.M.J., Powis, T.G., Valdez, F.J. and Hester, T.R., 2002. Cacao usage 

by the earliest Maya civilization. Nature. 418, 289-290. 

Ito, N., Hasegawa, R., Imaida, K., Hirose, M. and Shirai, T., 1996. Medium-term liver and 

multi-organ carcinogenesis bioassay for carcinogens and chemopreventive agents. 

Exp. Toxicol. Pathol. 48, 113-119. 

Kampa, M., Theodoropoulou, K., Mavromati, F., Pelekanou, V., Notas, G., Lagoudaki, 

E.D., Nifli, A.P., Morel-Salmi, C., Stathopoulos, E.N., Vercauteren, J. and 

Castanas, E., 2011. Novel oligomeric proanthocyanidin derivatives interact with 

membrane androgen sites and induce regression of hormone-independent prostate 

cancer. J. Pharmacol. Exp. Ther. 337, 24-32. 

Kang, N.J., Lee, K.W., Lee, D.E., Rogozin, E.A., Bode, A.M., Lee, H.J. and Dong, Z., 

2008. Cocoa procyanidins suppress transformation by inhibiting mitogen-activated 

protein kinase kinase. J. Biol. Chem. 30, 20664-20673. 

Kelloff, G.J., Lippman, S.M., Dannenberg, A.J., Sigman, C.C., Pearce, H.L., Reid, B.J., 

Kim, J., Arun, B., Lu, K.H., Thomas, M.E., Rhodes, H.E., Brewer, M.A., Follen, 

M., Shin, D.M., Parnes, H.L., Siegfried, J.M., Evans, A.A., Blot, W.J., Chow, 

W.H., Blount, P.L., Maley, C.C., Wang, K.K., Lam, S., Lee, J.J., Dubinett, S.M., 

Engstrom, P.F., Meyskens, F.L.J., O'Shaughnessy, J., Hawk, E.T., Levin, B., 

Nelson, W.G., Hong, W.K. and Prevention, A.T.F.o.C., 2006. Progress in 

chemoprevention drug development: the promise of molecular biomarkers for 

prevention of intraepithelial neoplasia and cancer- a plan to move forward. Clin. 

Cancer Res. 12, 3661-3697. 

Kim, J.E., Son, J.E., Jung, S.K., Kang, N.J., Lee, C.Y., Lee, K.W. and Lee, H.J., 2010. 

Cocoa polyphenols suppress TNF-a-induced vascular endothelial growth factor 

expression by inhibiting phosphoinositide 3-kinase (PI3K) and mitogen-activated 



40 

 

protein kinase kinase-1 (MEK1) activities in mouse epidermal cells. Brit. J. Nutr. 

104, 957-964. 

Köhle, C., Schwarz, M. and Bock, K., 2008. Promotion of hepatocarcinogenesis in 

humans and animal model. Arch. Toxicol. 82, 623-631. 

Kozikowski, A.P., Tückmantel, W., Böttcher, G. and Romanczyk, L.J.J., 2003. Studies in 

polyphenol chemistry and bioactivity. 4. Synthesis of trimeric, tetrameric, 

pentameric, and higher oligomeric epicatechin-derived procyanidins having all-

4beta,8-interflavan connectivity and their inhibition of cancer cell growth through 

cell cycle arrest. J. Org. Chem. 68, 1641-1658. 

Lamuela-Raventós, R.M., Romero-Pérez, A.I., Andrés-Lacueva, C. and Tornero, A., 2005. 

Health effects of cocoa flavonoids. Food Sci. Tech. Int. 11, 159-176. 

Lanoue, L., Green, K.K., Kwik-Uribe, C. and Keen, C.L., 2009. Dietary factors and the 

risk for acute infant leukemia: evaluating the effects of cocoa-derived flavanols on 

DNA topoisomerase activity. Exp. Biol. Med. 235, 77-89. 

Lee, D.E., Kang, N.J., Lee, K.M., Lee, B.K., Kim, J.H., Lee, K.W. and Lee, H.J., 2010. 

Cocoa polyphenols attenuate hydrogen peroxide-induced inhibition of gap-junction 

intercellular communication by blocking phosphorylation of connexin 43 via the 

MEK/ERK signaling pathway. J. Nutr. Biochem. 21, 680-686. 

Lee, K.W., Kim, Y.J., Lee, H.J. and Lee, C.Y., 2003. Cocoa has more phenolic 

phytochemicals and a higher antioxidant capacity than teas and red wine. J. Agric. 

Food Chem. 51, 7292-7295. 

Lee, K.W., Kundu, J.K., Kim, S.O., Chun, K.S., Lee, H.J. and Surh, Y.J., 2006. Cocoa 

polyphenols inhibit phorbol ester-induced superoxide anion formation in cultured 

HL-60 cells and expression of cyclooxygenase-2 and activation of NF-kB and 

MAPKs in mouse skin in vivo. J. Nutr. 136, 1150-1156. 



41 

 

Mackenzie, G., Adamo, A., Decker, N. and Oteiza, P., 2008. Dimeric procyanidin B2 

inhibits constitutively active NF-kB in Hodgkin’s lymphoma cells independently 

of the presence of IkB mutations. Biochem. Pharmacol. 75, 1461-1471. 

Mackenzie, G., Carrasquedo, F., Delfino, J., Keen, C., Fraga, C. and Oteiza, P., 2004. 

Epicatechin, catechin, and dimeric procyanidins inhibit PMA-induced NF-kB 

activation at multiple steps in Jurkat T cells. FASEB J. 18, 167-169. 

Mackenzie, G. and Oteiza, P., 2006. Modulation of transcription factor NF-kB in 

Hodgkin´s lymphoma cell lines: effect of (-)-epicatechin. Free Rad. Res. 40, 1086-

1094. 

Mackenzie, G.G., Delfino, J.M., Keen, C.L., Fraga, C.G. and Oteiza, P.I., 2009. Dimeric 

procyanidins are inhibitors of NF-kB–DNA binding. Biochem. Pharmacol. 78, 

1252-1262. 

Mahmoud, N.N., Kucherlapati, R., Bilinski, R.T., Churchill, M.R., Chadburn, A. and 

Bertagnolli, M.M., 1999. Genotype-phenotype correlation in murine Apc mutation: 

differences in enterocyte migration and response to sulindac. Cancer Res. 59, 353-

359. 

Manach, C., Williamson, G., Morand, C., Scalbert, A. and Rémésy, C., 2005. 

Bioavailability and bioefficacy of polyphenols in humans. I. Review of 97 

bioavailability studies. Am. J. Clin. Nutr. 81(suppl), 230S-242S. 

Martín, M.A., Granado-Serrano, A.B., Ramos, S., Izquierdo-Pulido, M., Bravo, L. and 

Goya, L., 2010a. Cocoa flavonoids up-regulate antioxidant enzyme activity via the 

ERK1/2 pathway to protect against oxidative stress-induced apoptosis in HepG2 

cells. J. Nutr. Biochem. 21, 196-205. 



42 

 

Martín, M.A., Ramos, S., Mateos, R., Granado-Serrano, A.B., Izquierdo-Pulido, M., 

Bravo, L. and Goya, L., 2008. Protection of human HepG2 cells against oxidative 

stress by cocoa phenolic extract. J. Agric. Food Chem. 56, 7765-7772. 

Martín, M.A., Ramos, S., Mateos, R., Izquierdo-Pulido, M., Bravo, L. and Goya, L., 

2010b. Protection of human HepG2 cells against oxidative stress by the flavonoid 

epicatechin. Phytother. Res. 24, 503-509. 

Maskarinec, G., 2009. Cancer protective properties of cocoa: a review of the 

epidemiologic evidence. Nutr. Cancer. 61, 573-579. 

Matsubara, K., Saito, A., Tanaka, A., Nakajima, N., Akagi, R., Mori, M. and Mizushina, 

Y., 2007. Epicatechin conjugated with fatty acid is a potent inhibitor of DNA 

polymerase and angiogenesis. Life Sci. 80, 1578-1585. 

McKelvey, W., Greenland, S. and Sandler, R.S., 2000. A second look at the relation 

between colorectal adenomas and consumption of foods containing partially 

hydrogenated oils. Epidemiology. 11, 469-473. 

Milner, J.A., 2006. Diet and cancer: facts and controversies. Nutr Cancer. 56, 216-224. 

Monagas, M., Khan, N., Andres-Lacueva, C., Casas, R., Urpi-Sarda, M., Llorach, R., 

Lamuela-Raventos, R.M. and Estruch, R., 2009. Effect of cocoa powder on the 

modulation of inflammatory biomarkers in patients at high risk of cardiovascular 

disease. Am. J. Clin. Nutr. 90, 1144-1150. 

Monagas, M., Urpi-Sarda, M., Sanchez-Patan, F., Llorach, R., Garrido, I., Gomez-

Cordoves, C., Andres-Lacueva, C. and Bartolome, B., 2010. Insights into the 

metabolism and microbial biotransformation of dietary flavan-3-ols and the 

bioactivity of their metabolites. Food Funct. 1, 233-253. 



43 

 

Murakami, C., Hirakawa, Y., Inui, H., Nakano, Y. and Yoshida, H., 2002. Effect of tea 

catechins on cellular lipid peroxidation and cytotoxicity in HepG2 cells. Biosci. 

Biotechnol. Biochem. 66, 1559-1562. 

Nakagawa, H., Hasumi, K., Woo, J., Nagai, K. and Wachi, M., 2004. Generation of 

hydrogen peroxide primarily contributes to the induction of Fe(II)-dependent 

apoptosis in Jurkat cells by (-)-epigallocatechin gallate. Carcinogenesis. 25, 1567-

1574. 

Natsume, M., Osakabe, N., Yamagishi, M., Takizawa, T., Nakamura, T., Miyatake, H., 

Hatano, T. and Yoshida, T., 2000. Analyses of polyphenols in cacao liquor, cocoa, 

and chocolate by normal-phase and reversed-phase HPLC. Biosci. Biotechnol. 

Biochem. 64, 2581-2587. 

Oleaga, C., Garcıa, M., Sole´, A., C.J., C., Izquierdo-Pulido, M. and Noe, V., 2012. 

CYP1A1 is overexpressed upon incubation of breast cancer cells with a 

polyphenolic cocoa extract. Eur. J. Nutr. 51, 465-476. 

Ottaviani, J.I., Carrasquedo, F., Keen, C.L., Lazarus, S.A., Schmitz, H.H. and Fraga, C.G., 

2002. Influence of flavan-3-ols and procyanidins on UVC-mediated formation of 

8-oxo-7,8-dihydro-20-deoxyguanosine in isolated DNA. Arch. Biochem. Biophys. 

406, 230-208. 

Pannelli, F., La Rosa, F., Saltalamacchia, G., Vitali, R., Petrinelli, A.M. and Mastrandrea, 

V., 1989. Tobacco smoking, coffee, cocoa and tea consumption in relation to 

mortality from urinary bladder cancer in Italy. Eur. J. Epidemiol. 5, 392-397. 

Papiez, M., Baran, J., Bukowska-Strakova, K. and Krosniak, M., 2011. Epicatechin 

administration leads to necrotic cell death of rat leukaemia promyelocytes in vivo. 

In vivo. 25, 29-34. 



44 

 

Parekh, P. and Rao, K.V.K., 2007. Overexpression of cyclin D1 is associated with 

elevated levels of MAP kinases, Akt and Pak1 during diethylnitrosamine-induced 

progressive liver carcinogenesis. Cell Biol. Int. 31, 35-43. 

Perez-Vizcaino, F., Duarte, J., Santos-Buelga, C., 2012. The flavonoid paradox: 

conjugation and deconjugation as key steps for the biological activity of 

flavonoids. J. Sci. Food Agric. 92, 1822-1825. 

Peterson, J., Lagiou, P., Samoli, E., Lagiou, A., Katsouyanni, K., La Vecchia, C., Dwyer, 

J. and Trichopoulos, D., 2003. Flavonoid intake and breast cancer risk: a 

casecontrol study in Greece. Brit. J. Cancer. 89, 1255-1259. 

Pritchard, C.C. and Grady, W.M., 2011. Colorectal cancer molecular biology moves into 

clinical practice. Gut 60, 116-129. 

Ramiro-Puig, E., Casadesus, G., Lee, H.G., Zhu, X., McShea, A., Perry, G., Perez-Cano, 

F.J., Smith, M.A. and Castell, M., 2009. Neuroprotective effect of cocoa flavonids 

on in vitro oxidative stress. Eur. J. Nutr. 48, 54-61. 

Ramiro-Puig, E. and Castell, M., 2009. Cocoa: antioxidant and immunomodulator. Br. J. 

Nutr. 101, 931-940. 

Ramiro, E., Franch, A., Castellote, C., Perez-Cano, F., Permanyer, J., Izquierdo-Pulido, 

M. and Castell, M., 2005. Flavonoids from Theobroma cacao down-regulate 

inflammatory mediators. J. Agric. Food Chem. 53, 8506-8511. 

Ramljak, D., Romanczyk , L.J., Metheny-Barlow, L.J., Thompson, N., Knezevic, V., 

Galperin, M., Ramesh, A. and Dickson, R.B., 2005. Pentameric procyanidin from 

Theobroma cacao selectively inhibits growth of human breast cancer cells. Mol. 

Cancer Ther. 4, 537-546. 

Ramos, S., 2007. Effects of dietary flavonoids on apoptotic pathways related to cancer 

chemoprevention. J. Nutr. Biochem. 18, 427-442. 



45 

 

Ramos, S., 2008. Cancer chemoprevention and chemotherapy: dietary polyphenols and 

signalling pathways. Mol. Nutr. Food Res. 52, 507-526. 

Ramos, S., Alia, M., Bravo, L. and Goya, L., 2005. Comparative effects of food-derived 

polyphenols on the viability and apoptosis of a human hepatoma cell line (HepG2). 

J. Agric. Food Chem. 53, 1271-1280. 

Ramos, S., Rodriguez-Ramiro, I., Martin, M.A., Goya, L. and Bravo, L., 2011. Dietary 

flavanols exert different effects on antioxidant defenses and apoptosis/proliferation 

in Caco-2 and SW480 colon cancer cells. Toxicol. in Vitro. 25, 1771-1781. 

Ravindranath, M.H., Saravanan, T.S., Monteclaro, C.C., Presser, N., Ye, X., Selvan, S.R. 

and Brosman, S., 2006. Epicatechins purified from green tea (Camelia sinensis) 

differentially suppress growth of gender-dependent human cancer cell lines. 

eCAM. 3, 237-247. 

Reuter, S., Gupta, S.C., Chaturvedi, M.M. and Aggarwal, B.B., 2010. Oxidative stress, 

inflammation, and cancer: How are they linked? Free Rad. Biol. Med. 49, 1603-

1616. 

Rodgers, E.H. and Grant, M.H., 1998. The effect of the flavonoids, quercetin, myricetin 

and epicatechin on the growth and enzyme activities of MCF7 human breast cancer 

cells Chem. Biol. Interact. 116, 213-228. 

Rodriguez-Ramiro, I., Martin, M.A., Ramos, S., Bravo, L. and Goya, L., 2011a. 

Comparative effects of dietary flavanols on antioxidant defences and their response 

to oxidant-induced stress on Caco2 cells. Eur. J. Nutr. 50, 313-322. 

Rodriguez-Ramiro, I., Ramos, S., Bravo, L., Goya, L. and Martín, M.A., 2011b. 

Procyanidin B2 and a cocoa polyphenolic extract inhibit acrylamide-induced 

apoptosis in human Caco-2 cells by preventing oxidative stress and activation of 

JNK pathway. J. Nutr. Biochem. 22, 1186-1194. 



46 

 

Rodrıguez-Ramiro, I., Ramos, S., Bravo, L., Goya, L. and Martín, M.A., 2012. 

Procyanidin B2 induces Nrf2 translocation and glutathione S-transferase P1 

expression via ERKs and p38-MAPK pathways and protect human colonic cells 

against oxidative stress. Eur. J. Nutr. 51, 881-892.  

Rodrıiguez-Ramiro, I., Ramos, S., Lopez-Oliva, E., Agis-Torres, A., Bravo, L., Goya, L. 

and Martin, M.A., 2012. Cocoa polyphenols prevent inflammation in the colon of 2 

azoxymethane-treated rats and in TNF-a-stimulated Caco-2 cells. Br. J. Nutr 

DOI:10.1017/S0007114512004862.  

Rodrıiguez-Ramiro, I., Ramos, S., Lopez-Oliva, E., Agis-Torres, A., Gomez-Juaristi, M., 

Mateos, R., Bravo, L., Goya, L. and Martin, M.A., 2011. Cocoa-rich diet prevents 

azoxymethane-induced colonic preneoplastic lesions in rats by restraining 

oxidative stress and cell proliferation and inducing apoptosis. Mol. Nutr. Food Res. 

55, 1895-1899. 

Romier-Crouzet, B., Van De Walle, J., During, A., Joly, A., Rousseau, C., Henry, O., 

Larondelle, Y. and Schneider, Y.J., 2009. Inhibition of inflammatory mediators by 

polyphenolic plant extracts in human intestinal Caco-2 cells. Food Chem. Toxicol. 

47, 1221-1230. 

Rössner, S., 1997. Chocolate - divine food, fattening junk or nutritious supplementation? 

Eur. J. Clin. Nutr. 51, 341-345. 

Rouillier, P., Senesse, P., Cottet, V., Valleau, A., Faivre, J. and Boutron-Ruault, M.C., 

2005. Dietary patterns and the adenomacarcinoma sequence of colorectal cancer. 

Eur. J. Nutr. 44, 311-318. 

Roura, E., Andres-Lacueva, C., Jauregui, O., Badia, E., Estruch, R., Izquierdo-Pulido, M. 

and Lamuela-Raventós, R.M., 2005. Rapid liquid chromatography tandem mass 

spectrometry assay to quantify plasma (2)-epicatechin metabolites after ingestion 



47 

 

of a standard portion of cocoa beverage in humans. J. Agric. Food Chem. 53, 6190-

6194. 

Rusconi, M. and Conti, A., 2010. Theobroma cacao L., the Food of the Gods: A scientific 

approach beyond myths and claims. Pharmacol. Res. 61, 5-13. 

Saha, A., Kuzuhara, T., Echigo, N., Suganuma, M. and Fujiki, H., 2010. New role of (−)-

epicatechin in enhancing the induction of growth inhibition and apoptosis in 

human lung cancer cells by curcumin. Cancer Prev. Res. 3, 953-962. 

Sakano, K., Mizutani, M., Murata, M., Oikawa, S., Hiraku, Y. and Kawanishi, S., 2005. 

Procyanidin B2 has anti- and pro-oxidant effects on metal-mediated DNA damage. 

Free Rad. Biol. Med. 39, 1041-1049. 

Sánchez-Rabaneda, F., Jáuregui, O., Casals, I., Andrés-Lacueva, C., Izquierdo-Pulido, M. 

and Lamuela-Raventós, R.M., 2003. Liquid chromatographic/electrospray 

ionization tandem mass spectrometric study of the phenolic composition of cocoa 

(Theobroma cacao). J. Mass. Spectrom. 38, 35-42. 

Schimtz, K.J., Wohlschlaeger, J., Lang, H., Sotiropoulos, G.C., Malago, M., Steveling, K., 

Reis, H., Cicinnati, V.R., Schmid, K.W. and Baba, H.A., 2007. Activation of the 

ERK and AKT signaling pathway predicts poor prognosis in heptocellular 

carcinoma and ERK activation in cancer tissue is associated with hepatitis virus 

infection. J. Hepatol. 48, 83-90. 

Schroeder, P., Klotz, L.O., Buchczyk, D.P., Sadik, C.D., Schewe, T. and Sies, H., 2001. 

Epicatechin selectively prevents nitration but not oxidation reactions of 

peroxynitrite. Biochem. Biophys. Res. Comm. 285, 782-787. 

Selmi, C., Cocchi, C.A., Lanfredini, M., Keen, C.L. and Gershwin, M.E., 2008. Chocolate 

at heart: the anti-inflammatory impact of cocoa flavanols. Mol. Nutr. Food Res. 52, 

1340-1348. 



48 

 

Serra, A., Macia, A., Romero, M.P., Valls, J., Blade, C., Arola, L. and Motilva, M.J., 

2010. Bioavailability of procyanidin dimers and trimers and matrix food effects in 

in vitro and in vivo models. Br. J. Nutr. 103, 944-952. 

Shang, X.J., Yao, G., Ge, J.P., Sun, Y., Teng, W.H. and Haung, Y.F., 2009. Procyanidin 

induces apoptosis and necrosis of prostate cancer cell line PC-3 in a 

mitochondrion-dependent manner. J. Androl. 30, 122-126. 

Sivaramakrishnan, V., Shilpa, P., Kumar, V. and Devaraj, S., 2008. Attenuation of 

Nnitrosodiethylamine induced hepatocellular carcinogenesis by a novel flavonol- 

morin. Chem. Biol. Interact. 171, 79-88. 

Spadafranca, A., Martinez Conesa, C., Sirini, S. and Testolin, G., 2010. Effect of dark 

chocolate on plasma epicatechin levels, DNA resistance to oxidative stress and 

total antioxidant activity in healthy subjects. Br. J. Nutr. 103, 1008-1114. 

Spencer, J.P.E., Schroeter, H., Crossthwaithe, A.J., Kuhnle, G., Williams, R.J. and Rice-

Evans, C., 2001a. Contrasting influences of glucuronidation and O-methylation of 

epicatechin on hydrogen peroxide-induced cell death in neurons and fibroblasts 

Free Rad. Biol. Med. 31, 1139-1146. 

Spencer, J.P.E., Schroeter, H., Kuhnle, G., Srai, S., Tyrrell, R., Hahn, U. and Rice-Evans, 

C., 2001b. Epicatechin and its in vivo metabolite 3´-O-methyl epicatechin, protect 

human fibroblasts from oxidative-stress-induced cell death involving caspase-3. 

Biochem. J. 354, 493-500. 

Steffen, Y., Gruber, C., Schewe, T. and Sies, H., 2008. Mono-O-methylated flavanols and 

other flavonoids as inhibitors of endothelial NADPH oxidase. Arch. Biochem. 

Biophys. 469, 209-219. 



49 

 

Steffen, Y., Schewe, T. and Sies, H., 2007. (−)-Epicatechin elevates nitric oxide in 

endothelial cells via inhibition of NADPH oxidase. Biochem. Biophys. Res. 

Comm. 359, 828-833. 

Su, L.-K., Kinzler, K.W., Vogelstein, B., Preisinger, A.C., Moser, A.R., Luongo, C., 

Gould, K.A. and Dove, W.F., 1992. Multiple intestinal neoplasia caused by a 

mutation in the murine homolog of the APC gene. Science. 256, 668-670. 

Suganuma, M., Okabe, S., Kai, Y., Sueoka, N., Sueoka, E. and Fujiki, H., 1999. 

Synergistic effects of (-)-epigallocatechin gallate with (-)-epicatechin, sulindac, or 

tamoxifen on cancer-preventive activity in the human lung cancer cell line PC-9. 

Cancer Res. 59, 44–47. 

Sundaresan, S. and Subramanian, P., 2008. Prevention of N-nitrosodiethylamine induced 

hepatocarcinogenesis by S-allylcysteine. Mol. Cell. Biochem. 310, 209-214. 

Surh, Y.-J., 2003. Cancer chemoprevention with dietary phytochemicals. Nat. Rev. 

Cancer. 3, 768-780. 

Tabernero, M., Serrano, J. and Saura-Calixto, F., 2006. The antioxidant capacity of cocoa 

products: contribution to the Spanish diet. Int J Food Sci Tech 41. 1 Suppl, 28-32. 

Tan, X., Hu, D., Li, S., Han, Y., Zhang, Y. and Zhou, D., 2000. Differences of four 

catechins in cell cycle arrest and induction of apoptosis in LoVo cells. Cancer Lett. 

158, 1-6. 

Tarka, S.M., Morrissey, R.B., Apgar, J.L., Hostetler, K.A. and Shively, C.A., 1991. 

Chronic toxicity/carcinogenicity studies of cocoa powder in rats. Food Chem. 

Toxicol. 29, 7-19. 

Tsang, C., Auger, C., Mullen, W., Bornet, A., Rouanet, J.M., Crozier, A. and Teissedre, 

P.L., 2005. The absorption, metabolism and excretion of flavan-3-ols and 



50 

 

procyanidins following the ingestion of a grape seed extract by rats. Br. J. Nutr. 94, 

170-181. 

Uhlenhut, K., and Högger, P., 2012. Facilitated cellular uptake and suppression of 

inducible nitric oxide synthase by a metabolite of maritime pine bark extract 

(Pycnogenol). Free Radic. Biol. Med. 53, 305-313. 

Urpi-Sarda, M., Monagas, M., Khan, N., Lamuela-Raventos, R.M., Santos-Buelga, C., 

Sacanella, E., Castell, M., Permanyer, J. and Andres-Lacueva, C., 2009. 

Epicatechin, procyanidins, and phenolic microbial metabolites after cocoa intake in 

humans and rats. Anal. Bioanal. Chem. 394, 1545-1556. 

Urpi-Sarda, M., Ramiro-Puig, E., Khan, N., Ramos-Romero, S., Llorach, R., Castell, M., 

Gonzalez-Manzano, S., Santos-Buelga, C. and Andres-Lacueva, C., 2010. 

Distribution of epicatechin metabolites in lymphoid tissues and testes of young rats 

with a cocoa-enriched diet. Brit. J. Nutr. 103, 1393-1397. 

Varoni, E.M., Lodi, G., Sardella, A., Carrassi, A. and Iriti, M., 2012. Plant polyphenols 

and oral health: old phytochemicals for new fields. Curr. Med. Chem. 19, 1706-

1720. 

Vázquez-Agell, M., Urpi-Sarda, M., Sacanella, E., Camino-López, S., Chiva-Blanch, G., 

Llorente-Cortés, V., Tobias, E., Roura, E., Andres-Lacueva, C., Lamuela-

Raventós, R.M., Badimon, L. and Estruch, R., 2011. Cocoa consumption reduces 

NF-κB activation in peripheral blood mononuclear cells in humans. Nutr. Metab. 

Cardiovasc. Dis. doi:10.1016/j.numecd.2011.03.015,  

Verstraeten, S.V., Hammerstone, J.F., Keen, C.L., Fraga, C.G. and Oteiza, P.I., 2005. 

Antioxidant and membrane effects of procyanidin dimers and trimers isolated from 

peanut and cocoa. J. Agric. Food Chem. 53, 5041-5048. 



51 

 

Vinson, J.A., Proch, J. and Zubik, L., 1999. Phenol antioxidant quantity and quality in 

foods: cocoa, dark chocolate, and milk chocolate. J. Agric. Food Chem. 47, 4821-

4824. 

Visioli, F., Bernaert, H., Corti, R., Ferri, C., Heptinstall, S., Molinari, E., Poli, A., Serafini, 

M., Smit, H.J., Vinson, J.A., Violi, F. and Paoletti, R., 2009. Chocolate, lifestyle, 

and health. Crit. Rev. Food Sci. Nutr. 49, 299-312. 

Wang, Y., Waller, D.P., Hikim, A.P., Russell, L.D, 1992. Reproductive toxicity of 

theobromine and cocoa extract in male rats. Reprod. Toxicol. 6, 347-353. 

Weyant, M.J., Carothers, A.M., Dannenberg, A.J. and Bertagnoll, M.M., 2001. (+)-

Catechin inhibits intestinal tumor formation and suppresses focal adhesion kinase 

activation in the Min/1 mouse. Cancer Res. 61, 118-125. 

Yamagishi, M., Natsume, M., Nagaki, A., Adachi, T., Osakabe, N., Takizawa, T., Kumon, 

H. and Osawa, T., 2000. Antimutagenic activity of cacao: inhibitory effects of 

cacao liquor polyphenols on the mutagenic action of heterocyclic amines. J. Agric. 

Food Chem. 48, 5074-5078. 

Yamagishi, M., Natsume, M., Osakabe, N., Nakamura, H., Furukawa, F., Imazawa, T., 

Nishikawa, A. and Hirose, M., 2002. Effects of cacao liquor proanthocyanidins on 

PhIP-induced mutagenesis in vitro, and in vivo mammary and pancreatic 

tumorigenesis in female Sprague-Dawley rats. Cancer Lett. 185, 123-130. 

Yamagishi, M., Natsume, M., Osakabe, N., Okazaki, K., Furukawa, F., Imazawa, T., 

Nishikawa, A. and Hirose, M., 2003. Chemoprevention of lung carcinogenesis by 

cacao liquor proanthocyanidins in a male rat multi-organ carcinogenesis model. 

Cancer Lett. 191, 49-57. 

Yamagishi, M., Osakabe, N., Natsume, M., Adachi, T., Takizawa, T., Kumon, H. and 

Osawa, T., 2001. Anticlastogenic activity of cacao: inhibitory effects of cacao 



52 

 

liquor polyphenols against mitomycin C-induced DNA damage. Food Chem. 

Toxicol. 39, 1279-1283. 

Yang, B. and Rizzo, V., 2007. TNF-alpha potentiates protein-tyrosine nitration through 

activation of NADPH oxidase and eNOS localized in membrane rafts and caveolae 

of bovine aortic endothelial cells. Am. J. Physiol. Heart. Circ. Physiol. 292, H954-

H962. 

Yang, C.S., Wang, X., Lu, G. and Picinich, S.C., 2009. Cancer prevention by tea: animal 

studies, molecular mechanisms and human relevance. Nat. Rev. Cancer. 9, 429-

439. 

Zeng, H.W., Locatelli, M., Bardelli, C., Amoruso, A., Coisson, J.D., Travaglia, F., 

Arlorio, M. and Brunelleschi, S., 2011. Anti-inflammatory properties of clovamide 

and Theobroma cacao phenolic extracts in human monocytes: evaluation of 

respiratory burst, cytokine release, NF-KB activation, and PPARγ modulation. J. 

Agric. Food Chem. 59, 5342-5350. 

Zhang, W.Y., Liu, H.Q., Xie, K.Q., Yin, L.L., Li, Y., Kwik-Uribe, C.L. and Zhu, X.Z., 

2006. Procyanidin dimer B2 [epicatechin-(4β-8)-epicatechin] suppresses the 

expression of cyclooxygenase-2 in endotoxin-treated monocytic cells. Biochem. 

Biophys. Res. Commun. 345, 508-515. 



53 

 



54 

 

Table 1.- Cocoa and cocoa polyphenols modulation of cellular antioxidant status and phase I and II enzymes
a
. 

 

Polyphenol Concentration System studied Effects Reference 

Cocoa 

 

 

5-30 µg/mL 

 

10 µg/mL 

0.05-50 µg/mL 

0.05-50 µg/mL 

 

0.25 μg/ mL 

 

SH-SY5Y 

(neuroblastoma) 

Caco-2 (colon) 

HepG2 (hepatoma) 

 

HepG2 (hepatoma) 

 

MCF-7, SKBR3 

(breast) 

↓ H2O2/Fe
2+

 induced ROS production 

 

↓ acrylamide-induced GSH depletion, ↓ ROS generation, ↑ γ-GCS, ↑ GST 

↓ t-BOOH-induced death, ↓ GSH depletion, ↓ MDA, ↓ ROS generation, ↓ 

GPx and GR activation 

↑ GPx and GR 

 

↑ CYP1A1 mRNA, protein and activity, ↑ binding to XRE 

 

Ramiro-Puig, et al., 2009 

 

Rodriguez-Ramiro, et al., 2011b 

Martin,  et al., 2008 

 

Martin,  et al., 2010a 

Oleaga, C. et al, 2012 

 

Polymers 

procyanidins
b 

0.1-100 µM (0.03-

29 μg/mL) 

2.5-60 µM (0.73-

17.4 μg/mL) 

2.5-20 µM (0.73-

5.81 μg/mL) 

Calf thymus DNA 

 

Caco-2 (colon) 

 

Caco-2 (colon) 

↓ UVC-induced 8-oxodG 

 

(hexamer) ↓ TNF-induced oxidation 

 

(hexamer) ↓ DOC-induced cytotoxicity, ↓ oxidant generation, ↓ NADPH 

oxidase, ↓ Ca
2+

 

Ottaviani,  et al., 2002 

 

Erlejman,  et al., 2008 

 

Da Silva, et al., 2012; Erlejman,. et 

al., 2006 

Procyanidin B2 10 µM (5.79 

μg/mL) 

0.1-100 µM (0.06-

57.9 μg/mL) 

60 µM (34.71 

μg/mL) 

10-30 µM (5.79-

17.37 μg/mL) 

1-10 µM (0.6-5.79 

μg/mL) 

1-20 µM (0.6-11.57 

μg/mL) 

Caco-2 (colon) 

 

HUVEC (umbilical 

vein endothelial) 

Caco-2 (colon) 

 

Hl-60 (leukemia) 

 

Caco-2 (colon) 

 

Caco-2 (colon) 

↓ acrylamide-induced GSH depletion, ↓ ROS generation, ↑ γ-GCS, ↑ GST 

 

↓ NADPH oxidase 

 

↓ TNF-induced oxidant formation 

 

↑↓ H2O2-induced 8-oxodG formation, ↓ H2O2/Fe
2+-

induced DNA damage, 

↑ H2O2/Cu
2+ 

induced DNA damage 

↑ GPx, GST and GR, ↓ t-BOOH-induced ROS production and ↓ caspase 

activation 

↑ GST, ↑ Nrf2 translocation 

Rodriguez-Ramiro,  et al., 2011b 

 

Steffen,  et al., 2008 

 

Erlejman,  et al., 2008 

 

Sakano, et al., 2005 

 

Rodriguez-Ramiro,  et al., 2011ª 

 

Rodriguez-Ramiro,  et al., 2011b 
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Epicatechin 12.4-100 μM (3.6-

29 µg/mL) 

50-100 µM (14.5-29 

μg/mL) 

2.5-25 µM (0.73-

7.26 μg/mL) 

2.5-300 µM (0.73-

87 μg/mL) 

5-100 µM (1.45-29 

μg/mL) 

 

0.1-100 µM (0.029-

29 μg/mL) 

10-50 µM (2.9-14.5 

μg/mL) 

10-50 µM (2.9-14.5 

μg/mL) 

25-100 µM (7.26-29 

μg/mL) 

0.1-100 µM (0.029-

29 μg/mL) 

120 µM (34.8 

μg/mL) 

10 µM (2.9 μg/mL) 

0.1-0.3 μM (0.029-

0.087 μg/mL) 

SH-SY5Y 

(neuroblastoma) 

HepG2 (hepatoma) 

 

HepG2 (hepatoma) 

 

Calf thymus DNA 

 

HepG2 (hepatoma), 

PC12 

(pheochromocytoma) 

Calf thymus DNA 

 

HepG2 (hepatoma) 

 

HepG2 (hepatoma) 

 

MCF-7 (breast) 

 

HUVEC (umbilical 

vein endothelial) 

Caco-2 (colon) 

 

HepG2 (hepatoma) 

Astrocytes and 

neurons (primary 

culture) 

↓ H2O2/Fe
2+-

induced ROS production 

 

↓ t-BOOH-induced death, ↓ GSH depletion, ↓ ROS generation, ↑ GPx and 

GR 

↓ t-BOOH-induced lipid peroxidation, ↓ GSH and tocopherol depletion, ↑ 

GPx 

↓ Cu
2+

 induced radical formation 

 

↓ Pb
2+ 

induced cell death, ↓ ROS formation, ↓ mitochondrial dysfunction, 

↑ Ca
2+

dysregulation, ↓ lipid oxidation, ↓ membrane fluidity 

 

↓ UVC-induced 8-oxodG 

 

↓ N-nitrosamine-induced DNA damage 

 

↓ heterocycle amine-induced DNA damage, ↓ CYP1A1 activity 

 

↑ NADPH cytochrome c reductase activity 

 

↓ NADPH-oxidase 

↓ TNF-induced oxidant formation 

 

↑ Nrf2 translocation 

↑ Nrf2, ↑ GSK 

Ramiro-Puig,  et al., 2009 

 

Martin,  et al., 2010b 

 

Murakami,  et al., 2002 

 

Azam, et al., 2004 

 

Chen,  et al., 2002 and 2003 

 

 

Ottaviani,  et al., 2002 

 

Delgado,  et al., 2009 

 

Haza . and Morales, 2011 

 

Rodgers,  and Grant,  1998 

Steffen, Y., 2007 and 2008 

Erlejman,  et al., 2008 

 

Granado-Serrano,  et al, 2010 

Bahia, et al., 2008 

3´O-methyl 

epicatechin 

1-30 µM (0.3-9.15 

μg/mL) 

 

Cortical neurons 

(primary culture), 

dermal fibroblasts 

↓ H2O2-induced cell death and caspase-3 activity 

 

 

Spencer,  et al., 2001b 
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1-30 µM (0.3-9.15 

μg/mL) 

0.1-100 µM (0.03-

30.5 μg/mL) 

FEK4 (skin 

fibroblasts) 

HUVEC (umbilical 

vein endothelial) 

↓ UVA-induced oxidative damage 

 

↓ NADPH-oxidase (= 4´-O-methyl EC and EC-glucuronide) 

Basu-Modak, et al., 2003 

 

Steffen, et al., 2008 

Catechin 0.1-100 µM (0.029-

29 μg/mL) 

10-50 µM (2.9-14.5 

μg/mL) 

10-50 µM (2.9-14.5 

μg/mL) 

120 µM (34.8 

μg/mL) 

100 µM (29 μg/mL) 

Calf thymus DNA 

 

HepG2 (hepatoma) 

 

HepG2 (hepatoma) 

 

Caco-2 (colon) 

 

Int-407 (intestine) 

↓ UVC-induced 8-oxodG 

 

↓ N-nitrosamine-induced DNA damage 

 

↓ heterocycle amine-induced DNA damage, ↓ heterocycle amine-induced 

CYP1A1 activity, ↑ UGT activity 

↓ TNF-induced oxidant formation 

 

↓ lipid peroxidation, ↓ ROS formation, ↑ GPx, ↑ GR, ↑ Nrf2, ↑ HO-1 

Ottaviani,  et al., 2002 

 

Delgado, et al., 2009 

 

Haza,  and Morales, 2011 

 

Erlejman,  et al., 2008 

 

Cheng, et al., 2012 

 
a
 The arrow indicates an increase (↑) or decrease (↓) in the levels or activity of the different analysed parameters. In certain cases, opposing results have been 

obtained since the studies were carried out in different cell types (non-tumorigenic, different cancer cell lines, etc.) and/or the final effects may depend on the 

dose and time of treatment with the phenolic compound. 

b
 Concentration in μg/mL was calculated as epicatechin equivalents. 
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Table 2.- Cocoa and cocoa polyphenols modulation of proteins involved in the inflammatory process
a
. 

 

Polyphenol Concentration System studied Effects Reference 

Cocoa 

 

 

50 µM GAE (14.5 

μg/mL) 

5-80 µg/mL 

0.1-10 µg/mL 

0.5-20 mg/L 

10 µg/mL 

Caco-2 (colon) 

 

ELY.BU.OU6 

(thymoma) 

Monocytes 

HL-60 (leukemia) 

Caco-2 (colon) 

↓ PGE2 

 

↓ MCP1, ↓ TNF-α, ↓ IL1α, ↓ IL6, ↓ LPS-induced TNF-α secretion, ↓ NO 

 

↓ PMA-induced superoxide production, ↓ IL1α, ↓ IL6 

↓ XO- and TPA-induced superoxide production 

↓ TNF-induced IL-8, COX-2, iNOS and NFκB activation 

Romier-Crouzet, et al., 2009 

 

Ramiro, et al., 2005 

 

Zeng, et al., 2011 

Lee, et al., 2006 

Rodriguez-Ramiro et al., 2012 

Polymers 

procyanidins 

2.5-60 µM (0.73-

17.4 μg/mL) 

Caco-2 (colon) (hexamer) ↓ TNF-induced NFκB activation and iNOS Erlejman, et al., 2008 

Procyanidin B2 1.7-50 µM (1-29 

μg/mL) 

50 µM (29 μg/mL) 

Jurkat T, H-RS, 

Daudi (Hodgkin 

lymphoma) 

Jurkat T 

(lymphocyte) 

↓ NFκB binding 

 

 

↓ TNF- and PMA-induced NFκB activation (=PB1) 

Mackenzie, et al., 2004, 2008 and 

2009 

 

Mackenzie, et al., 2009 

Epicatechin 200-400 µM (58-

116 μg/mL) 

1.7-8.6 μM 

(5-25 µg/mL) 

1-10000 µM 

(0.29-2900 μg/mL) 

1.7-17.2 µM 

(4.93-49 μg/mL) 

10 µM (2.9 μg/mL) 

ELY.BU.OU6 

(thymoma) 

Macrophages 

(primary culture) 

Aortic endothelial 

 

Jurkat T 

(lymphocyte) 

HepG2 (hepatoma) 

↓ MCP1, ↓ TNF-α, ↓ IL1α, ↓ IL6, ↓ NO 

 

↓ LPS-induced nitrite and TNFα production 

 

↓ LPS-induced nitrite and TNFα production 

 

↓ TNF-stimulated NFκB 

 

↑ NFκB 

Ramiro, et al., 2005 

 

Guruvayoorappan, and Kuttan, 2008 

Schroeder, et al., 2001 

 

Mackenzie, et al., 2004 and 2006 

 

Granado-Serrano, et al, 2010 

Catechin 1.7-8.6 μM 

(5-25 µg/mL) 

1-10000 µM 

(0.29-2900 μg/mL) 

Macrophages 

(primary culture) 

Aortic endothelial 

↓ LPS-induced nitrite and TNFα production 

 

↓ LPS-induced nitrite and TNFα production 

Guruvayoorappan, and Kuttan, 2008 

Schroeder, et al., 2001 
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a
 The arrow indicates an increase (↑) or decrease (↓) in the levels or activity of the different analysed parameters.  

b
 Concentration (μM) was in gallic acid equivalents (GAE). 
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Table 3.- Cocoa and cocoa polyphenols modulation on cell cycle
a
. 

 

Polyphenol Concentration System studied Effects Reference 

Polymers 

procyanidins 

0.25-5 µM (0.073-

1.45 μg/mL)
b
 

100 µg/mL 

 

 

25-100 µg/mL 

 

5-100 µg/mL 

0.1-100 nM (0.06-

57.9 ng/mL) 

25-100 µM (14.5-

57.9 μg/mL) 

Raji (lymphoma), 

HL-60 (leukemia) 

MDA-MB231, 

MB231, MDA-

MB468 (breast) 

MBA-MB 231 

(breast) 

Caco-2 (colon) 

LNCaP, DU145 

(prostate) 

LNCaP, PC-3 

(prostate) 

↓ Topo II (= B2, B5 and B2+B5) 

 

(pentamer) G0/G1 arrest, ↓ p-Cdc2, ↓ p-FOXO, ↓ p-p53, = pRb 

 

 

(synthethic pentamer) G0/G1 arrest 

 

G2/M arrest 

(dimers B1 and B4) ↓ cell growth 

 

(Procyanidin B3) ↓ cell growth, ↓ cyclin E, ↓ cyclin D1 

Lanoue, et al., 2009 

 

Ramljak, et al., 2005 

 

 

Kozikowski, et al., 2003 

 

Carnésecchi, et al., 2002 

Kampa, et al., 2001 

 

Choi, et al., 2011 

Procyanidin B2 0.1-100 nM (0.06-

57.9 ng/mL) 

LNCaP, DU145 

(prostate) 

↓ cell growth Kampa, et al., 2001 

Epicatechin 5-1000 µM (1.45-

290 μg/mL) 

50-100 µM (14.5-29 

μg/mL) 

LoVo (colon) 

 

DU145 (prostate), 

HH639 (ovary) 

S arrest 

 

= ↓ growth, apoptosis, mitochondrial depolarization 

Tan, et al., 2000 

 

Chung, et al, 2001, Ravindranath,et 

al., 2006 

 
a
 The arrow indicates an increase (↑) or decrease (↓) in the levels or activity of the different analysed parameters. In certain cases, opposing results have 

been obtained since the studies were carried out in different cell types and/or the final effects may depend on the dose and time of treatment with the 

phenolic compound. 

b
 Concentration in μg/mL was calculated as epicatechin equivalents. 
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Table 4.- Cocoa and cocoa polyphenols modulation of the apoptotic process
a
. 

 

Polyphenol Concentration System studied Effects Reference 

Cocoa 

 

0.5 mg/mL MLP29, AML12 

(liver) 

↓ celecoxib-induced sub-G1 peak, ↓ Bax, ↑ Bcl-2, ↓ cytochrome c release, 

↓ caspase-3 activity, ↑ Beclin-1 

Arlorio, et al., 2009 

Polymers 

procyanidins 

300 µg/mL 

2.5-20 µM
b
 (0.73-

5.8 μg/mL) 

PC-3 (prostate) 

Caco-2 (colon) 
↓ m 

(hexamer) ↓ DOC-induced apoptosis 

Shang, et al., 2009 

Da Silva, et al., 2012 

Procyanidin B2 2.5-50 µM (1.6-

28.92 μg/mL) 

Daudi, H-RS 

(lymphoma 

Hodgkin) 

↓ BclxL, ↓ Bcl-2, ↓ XIAP, ↓ cFLIP Mackenzie, et al., 2008 

Epicatechin 30 µM (8.7 μg/mL) 

 

50-300 µM (14.5-87 

μg/mL) 

(+ 100 µM, 45.84 

μg/mL) 

100-200 µM (29-58 

μg/mL) 

(+ 10-20 µM, 3.7-

7.4 μg/mL) 

FEK4 (skin 

fibroblasts) 

KATO-III, MKN-45 

(gastric) 

 

 

A549, PC-9 (lung) 

↓ H2O2
 
induced caspase-3 

 

(+ EGCG) ↑ apoptosis induction 

 

 

 

(+ curcumin) ↓ cell growth, ↑ apoptosis rate, ↑ GADD153, ↑ GADD45 

Spencer, et al., 2001b 

 

Horie, et al., 2005 

 

 

 

Saha, et al., 2010 

3´O-methyl 

epicatechin 

10-30 µM (3-9.15 

μg/mL) 

Cortical neurons 

(primary culture), 

dermal fibroblasts 

FEK4 (skin 

fibroblasts) 

↓ H2O2-induced caspase-3 activity Spencer, et al., 2001a and 2001b 

EC-glucuronide 10-30 µM (2.9-8.7 

μg/mL) 

Cortical neurons 

(primary culture) 

↓ H2O2-induced caspase-3 activity Spencer, et al., 2001a 

 
a
 The arrow indicates an increase (↑) or decrease (↓) in the levels or activity of the different analysed parameters. 
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b
 Concentration in μg/mL was calculated as epicatechin equivalents. 
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Table 5.- Cocoa and cocoa polyphenols modulation on cell survival/proliferation
a
. 

 

Polyphenol Concentration System studied Effects Reference 

Cocoa 

 

5-30 µg/mL 

 

0.05-50 µg/mL 

10 µg/mL 

SH-SY5Y 

(neuroblastoma) 

HepG2 (hepatoma) 

Caco-2 (colon) 

↓ p38, ↓ JNK 

 

↑ ERK 

↓ acrylamide-induced p-JNK 

Ramiro-Puig, et al., 2009 

 

Martin, et al., 2010a 

Rodriguez-Ramiro, t al., 2011b 

Polymers 

procyanidins
b
 

17-138 μM
 

(5-40 µg/mL) 

2.5-20 µM (0.73-

5.81 μg/mL) 

JB6P+ (epidermal) 

 

Caco-2 (colon) 

↓ TPA-induced neoplastic transformation, ↓ COX-2, ↓ p-MEK, ↓ p90s6 

kinase, ↓ AP-1, ↓ NFκB 

(hexamer) ↓ DOC-induced AKT, ERK, p38 and AP-1 

Kang, et al., 2008 

 

Da Silva, et al., 2012 

Procyanidin B2 8.6-69 μM 

(5-40 µg/mL) 

10 µM (5.79 

μg/mL) 

10 µM (5.79 

μg/mL) 

10-100 µM (5.79-

57.9 μg/mL) 

10-50 µM (5.79-

28.93 μg/mL) 

JB6P+ (epidermal) 

 

Caco-2 (colon) 

 

Caco-2 (colon) 

 

THP-1 (monocytes) 

 

SW480 (colon) 

↓ TPA-induced neoplastic transformation, ↓ COX-2, ↓ p-MEK, ↓ p90s6 

kinase, ↓ AP-1, ↓ NFκB 

↓ acrylamide-induced p-JNK 

 

↑ ERK, ↑ p38 

 

↓ endotoxin-induced COX-2, ↓ p38, ↓ JNK, ↓ ERK, ↓ NFκB 

 

= ↑ proliferation, = ↑ p-AKT, = ↑ p-ERK 

Kang, et al., 2008 

 

Rodriguez-Ramiro, et al., 2011b 

 

Rodriguez-Ramiro, et al., 2011ª 

 

Zhang, et al., 2006 

 

Ramos, et al., 2011 

Epicatechin 12-100 μM 

(3.6-29 µg/mL) 

10-50 µM (2.9-14.5 

μg/mL) 

1-1000 µM (0.29-

290.5 μg/mL) 

SH-SY5Y 

(neuroblastoma) 

Caco-2, SW480 

(colon) 

HepG2 (hepatoma) 

↓ p38, ↓ JNK 

 

= proliferation, = p-AKT, = p-ERK 

 

= Bax, = Bclx, ↑ p-AKT, ↑ p-ERK, ↑ PKCα, = JNK, ↓ PKCδ 

Ramiro-Puig, et al., 2009 

 

Ramos, et al., 2011 

 

Ramos, et al., 2005, Granado-

Serrano et al., 2007 and 2010 
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a
 The arrows indicate an increase (↑) or decrease (↓) in the levels or activity of the different analysed parameters. In certain cases, opposing results have been 

obtained since the studies were carried out in different cell types (non-tumorigenic, different cancer cell lines, etc.) and/or the final effects may depend on the 

dose and time of treatment with the phenolic compound. 

b
 Concentration in μg/mL was calculated as epicatechin equivalents. 
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Table 6.- Cocoa and cocoa polyphenols modulation on angiogenesis and metastasis
a
. 

 

Polyphenol Concentration System studied Effects Reference 

Cocoa 

 

 

5-40 µg/mL 

10-100 µg/mL 

JB6P+ (epidermal) 

RLE (liver) 

↓ TNF-induced VEGF, ↓ AP-1, ↓ NFκB 

↓ H2O2-induced inhibition of gap-junction phosphorylation and 

internalization of connexion 43, ↓ ROS generation, ↓ ERK, ↓ MEK1, = 

p38 

Kim, et al., 2010 

Lee, et al., 2010 

Epicatechin 1-100 µM (0.29-29 

μg/mL) 

10 µM (2.9 μg/mL) 

HL-60 (leukemia) 

 

CGR8 (embryonic 

stem cells) 

(EC-acylated and EC-C16) ↓ DNA polymerase and angiogenesis 

 

↓ growth, ↓ ROS generation, ↓ MMP-9, ↓ angiogenesis 

Matsubara, et al., 2007 

 

Günther, et al., 2007 

Catechin 17-86 μM 

(5-25 µg/mL) 

B16F.10 (melanoma) ↓ NO, ↓ VEGF, ↓ IL2, ↓ TIMP-1, ↓ TNF production, ↓ pro-inflammatory 

cytokines 

Guruvayoorappan, and Kuttan,, 

2008 

 
a
 The arrow indicates an increase (↑) or decrease (↓) in the levels or activity of the different analysed parameters. 
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Table 7.- Summary of cancer preventive effects of cocoa and cocoa flavonoids in animal models  

 

 

 

Cancer 

type 

 

Model (carcinogen) 

 

 

Intervention dose 

 

Duration
a
 

 

Main outcomes
b
 

 

Reference 

 

Mammary 

Pancreatic  

 

Lung 

Thyroid  

 

Prostate  

 

 

Leukaemia 

 

 

Hepatic  

 

 

Colon  

 

 

Colon  

 

Female Sprague-Dawley 

rats (PhIP) 

 

Male F344 (DMBDD) 

 

 

Male Wistar-Unilever 

rats (MNU+ TP) 

 

Brown Norway rat 

(leukaemia cells) 

 

Male Wistar rats (DEN) 

 

 

Female C57BL/6J-Min/1 

mouse 

 

Male Wistar (AOM).  

 

 

Procianidims of cocoa liquor  

(0.025% or 0.25%) 

 

Procianidims of cocoa liquor  

(0.025% or 0.25%) 

 

Cocoa rich-polyphenolic extract 

(24 or 48 mg/kg body weight) 

 

(−)-Epicatechin (40 mg/kg body 

weight) 

 

Cocoa rich-diet (16%) 

 

 

(+)-Catechin (0,1% or 1%) 

 

 

Cocoa-rich diet (12%) 

 

48w (d) or (p) 

 

 

36w (p) 

 

 

36w (b-d-p) 

 

 

3w (p) 

 

 

6w (b-d-p) or (p) 

 

 

10w  

 

 

8 w (b-d-p) 

 

 

 

↓ Incidence and multiplicity of 

pancreatic lesions  

 

↓ Incidence and multiplicity of 

carcinomas in lung and thyroid  

 

↓ Incidence of prostate tumours 

at 24 mg/kg body weight. 

 

↑ Necrosis of leukaemia bone 

marrow cells  

 

↓ Post-necrotic proliferation and 

reduced initiated cells. 

 

↓ Intestinal tumour number  

 

 

↓ pre-neoplastic lesions (aberrant 

crypt foci) 

 

 

Yamagishi, M. et al., 2002 

 

 

Yamagishi, M. et al., 2003 

 

 

Bisson, J.F. et al., 2008 

 

 

Papiez, M. et al., 2011 

 

 

Granado-Serrano, A.B. et 

al., 2009 

 

Weyant, M.J. et al., 2001 

 

 

Rodriguez-Ramiro, I. et al., 

2012 

 
a
w, weeks; dietary intervention before (b), during (d), post (p) carcinogen treatment. 
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b
 The arrow indicate an increase (↑) or decrease (↓). 

 

 

 


