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Abstract

conducted, both in-vivo and in-vitro.

Colon cancer is considered one of the primary causes of death-related cancer in Western universe. Although it is recommended
in most of advanced cases of this disease, cytotoxic chemotherapeutic agents are relatively become ineffectual. Increasing the
dietary intake of fruits and vegetables in order to reduce this disease is thought to be a viable and alternative path. Polyphenols
are commonly found in cocoa beans and cocoa products. One potential strategy to reduce inflammation and oxidative stress
is consumption of polyphenol-rich foods like cocoa or their by products, which have anti-inflammatory effects. Based on those
properties, there is a promising scenario on the therapeutic contribution of cocoa on colon cancer. Very currently, few studies have
examined the anti-carcinogenic role of cocoa. Therefore, the present review critically evaluates cocoa’s effect in colon cancer as
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Introduction

Cancerous colon is considered as a universal problem, with about
occurrence of 1 million conditions and more than 500,000 of mortality
per year [1]. This increased number in the next few decades is due
to the developing of lifestyle and population over the world. About
150,000 diagnostic cases of colonic tumor are annually found in the
United States, and the recent colorectal cancer cases that is well-
estimated in 2010 will be 72.090 and 70.480 for males and females,
respectively; at the same time, the mortality will get 26.580 and 24.790
[2]. The individuals who are over 50 are forming most of the cases.
Even though the responsibility of colorectal cancer in creating about
52,000 deaths per year has been well-expected, it is strongly curable if
diagnosed early, which reflects the importance of cancer screening in
individual. In addition to USA, New Zealand, Canada, Australia and
parts of Europe have a highest rate in colon cancer incidence [1,3-5]
although several significant programs against colon cancer is found
there. People with colonic tumor are still looking for another therapy,
despite of the diversity of treatment in this disease, such as chemical
drugs and radiation. Practically, a lot of international studies have
suggested that the quest of using naturally complementary therapy is
made by well-educated, high socioeconomic status and young persons,
and most likely, to be females. To explain more, dietary ployphenolic
supplementation has been used as a complementary therapeutic agent.
The conclusion of several preclinical studies is that dietary polyphenols
can exert a desirable result, when offered in large amount [6].

Cocoa had been considered from long time, as a food-rich
polyphenols. Flavonoids and phenolic acids are mainly forming the
type of polyphenols. In cocoa and chocolate, the monomeric modules
of the main flavonoids are flavan-3-ols, epicatechin and catechin, and
polymers of these are proanthocynidins, which are called procyanidins
[7]. As mentioned by Dreosti [8], the rate of total polyphenols in raw
cocoa is reached to be 60% in monomeric (epicatechin and catechin)
and oligomeric (procynidins) forms. Based on the method used in
producing cocoa powder, the rate of flavonoids can formalize 10%
in dried weight basis [9]. The chemical structure of polyphenols can
determine the bioavailability in humans, with changeable rate inter-
individual [10].

Cocoa and its compounds have drawn recently a lot of attention
because of its contributory role as a chemopreventive agent. In several
studies, the highly anti-oxidative effect of cocoa has been demonstrated,
comparing with other products, a special characteristic related to its

high content of procynidins [11-13], which in turn prevent the oxidation
of cholesterol-LDL [14]. In experimental trails, cocoa phenolics have
presented several beneficial effects against platelet aggregation [15],
high blood pressure [16], atherosclerosis [17], hyperglycemia and
hyperchoelstrolemia [18,19], inflammation [20], hepatocarcinogenesis
[21], DNA damage and clastogenic effect [22]. The purpose of this
review is to shed the light on promising results of cocoa’s role in colon
cancer, based on what have been conducted in this respect.

In vivo Studies: Suppressing the Formation of Aberrant
Crypt Foci

Rodriguez-Ramiro et al. [23] have examined effect of cocoa rich diet
on early levels of bowl tumorgenesis for the first time in vivo. 120 g/kg
of cocoa powder to AIN-93G was given to rats during 8 weeks. Cocoa
rich diet was modified to supplement 1 g of polyphenols per kg of diet.
Through using Azoxymethane for inducing colon cancer, aberrant crypt
foci (ACF) were used to detect the early stage of bowl carcinogenesis.
The results have shown a reduction, not only in formation of aberrant
crypt foci, but also crypt multiplicity in rats-induced colon cancer
fed with diet rich in cocoa. Considered as markers of oxidative stress,
carbonyl and malondialdehyde groups (protein and lipid oxidation
marker, respectively) were reduced significantly in distal bowl of AOM-
injected rat treated with cocoa-rich diet, comparing with control group.
In addition, glutathione levels and the activity of glutathione peroxidase,
glutathione reductase and glutathione S-transferase were preserved in
colonic tissue of rat-fed diet rich in cocoa, comparing with the control
group. The antiproliferative effect of cocoa-rich diet was demonstrated
by reducing the expression of extracellular regulated kinases, protein
kinase B and cycline D1; at the same time, pro-apoptosis effects were
evidenced by reducing levels of Bcl-xL and increasing levels of Bax, as
well as caspase 3 activity.
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The previous study was the first study to examine the effect of
cocoa powder in early colon carcinogenesis. Because ACF is not the
only reliable cancerous biomarker, several early precancerous lesions
have not been detected (namely MDF; Mucin Depleted Foci, BCAC;
Beta-Catenin-Accumulated Crypts, Flat-ACF), which could be better
biomarkers than ACF [24]. In the same manner, carbonyl group do
not form the only marker of protein oxidation, where there are others
group, namely protein hydroperoxide (P-OOH), advanced protein
products oxidation (AOPP), 4-mitrotyrosine. Even though MDA was
used as a marker for lipid peroxidation, Trevisan et al. [25] mentioned
that other sources could produce MDA. Therefore, measuring MDA
can be a generic marker of oxidative stress, instead of private indicator
of lipid peroxidation [26]. In the other hand, perhaps the most forceful
stimulator of apoptosis is TNF, which is absent in the previous research,
satisfied with detecting two members of Bcl-2 and one type of effectors
caspase.

In vitro Studies

Various studies have been conducted on caco-2 cell line, which
is considered as human epithelial colonic adenocarcinoma cells [27].
Indeed, one study only has experienced the direct effect of cocoa on the
bioactivity of caco-2 cell line.

Stéphanie and his colleagues have investigated the effect of cocoa
procyanidin and flavanols on the growth of cancer cells in cacao-2 cell
line. The cocoa powder extract have shown no arrest on the growth
of cells, meanwhile crud procyanidin and procynidin-enriched extract
have an inhibitory effect, at concentration of 50 ug/mL, about 25%
and 75%,respectively. The obstructed effect of the extract on the G2/M
phase of the cell cycle has been noticed, leading to non-apoptotic cell
death. The same extract also has decreased significantly, the activities
of ornithine decarboxylase and S-adenosylmethionine decarboxylase,
which are two clef enzymes for polyamine biosynthesis. Therefore, the
intracellular pool of polyamine has been reduced. This could indicate to
be an important target, in terms of the anti-proliferative effect of cocoa
extract, rich in procyanidin.

Furthermore, Rodriguez-Ramiro et al. [28] have examined
the potential inhibition of cocoa extract on the pro-inflammatory
mediators on TNF-a-sensitized Caco-2 cells. IL-8, cyclo-oxygenase-2
and inducible nitric-oxide synthase were effectively down-regulated, by
inhibiting NF-kB translocation and JNK phosphorylation.

In an attempt to show the indirectly anti-inflammatory and
anticarcinogenic effect of cocoa’s oligomers, by protecting the intestinal
epithlum barrier from toxic substances, a study was conducted by
Erlejman et al. [29], to experience the cytoprotective effect of isolated-
procynidine cocoa on Caco2-cell line, a standard design of cancerous
intestinal cells. Considered as a kind of bile acids and pathogenic factor,
Deoxycholic can support the tumorogenesis of intestine. In this study,
it has been proven that the protective effect of hexameric procynidine
on Caco2-cell from DOC-induced membrane damage and oxidative
production has been cleared. In this sense, there was no detection
for other compounds-related to carcinogenic effect, which arise us
to ask, is protecting cell membrane from DOC enough to inhibit any
inflammatory or carcinogenic attempt in the human body cells. On the
other hand, studying the direct effect of procynidine on colon cancer
cell line growth, such as cocoa 2 cells and HT-29, is considerably more
effective.

Conclusion

In order to determine potential health benefits of cocoa polyphenols,

large scale, long term, randomized, placebo controlled studies with a
cross ideal design, as well as prospective studies, are warranted. It is,
therefore, suggested that before drawing conclusions, confirmation by
further epidemiological and experimental studies on cocoa polyphenols
is needed. Furthermore, the inhibitory effect of phenolic compounds-
derived cocoa in colon cancer development may be through cancer
regulating genes, such as oncogenes, tumor suppressor genes, resulting
in altered cellular processes, namely (apoptosis, cell cycle, inflammation,
angiogenesis, invasion and metastasis [30]. Studies in human Caco2
cells [31], have been reported that the changes in the expression of signal
transducer and activator of transcription 1 (STAT1), mitogen-activated
protein kinase kinase 1 (MAPKK1), and ferritin heavy polypeptide
1(FTH1) genes, which are involved in the cellular response to oxidative
stress, are in agreement with the antioxidant properties of cocoa
flavonoids. In addition, the changes in the expression of topoisomerase
1 suggest novel mechanisms of action of flavonoids at the molecular
level. More specifically, study on the effects of cocoa polyphenols on
the expression of the hereditary colon cancer genes, such as familial
adenomatous polyposis (FAP) and adenomatous polyposis coli (APC),
is also needed in the future.

Thus, extensive studies at the molecular level are still required to
reveal the efficiency of the anti-carcinogenic activity of polyphenols-
rich cocoa products, as well as provide us novel information about
the mechanisms of action of cocoa polyphenols in colorectal cancer.
However, it should be considered that the products used in controlled
studies, often contain much higher polyphenol contents than most of
the commercial products [32]; as much as large amount of polyphenols
may be lost due cocoa processing [33]. Thus, it needs to be established
whether the consumption of products with lower polyphenol content
are associated with any health benefits in humans, especially on
colon [34,35]. Finally the food industry is encouraged to label the
polyphenolic content on their cocoa derived products.

References

1. Ferlay J, Bray F, Pisani P, Parkin D M. Globocan (2002) Cancer incidence,
mortality and prevalence worldwide. International Agency for Research on
Cancer, Lyon, France.

2. American Cancer Society (2010) Cancer facts and figures. American Cancer
Society, Atlanta, USA.

3. World Health Organization Cancer Incidence in Five Continents (2002) The
World Health Organization and the International Agency for Research on
Cancer, Lyon, France.

4. Boyle P, Ferlay J (2005) Mortality and survival in breast and colorectal cancer.
Nat Clin Pract Oncol 2: 424-425.

5. Ferlay J, Parkin DM, Steliarova-Foucher E (2010) Estimates of cancer
incidence and mortality in Europe in 2008. Eur J Cancer 46: 765-781.

6. Hu M (2007) Commentary: Bioavailability of flavonoids and polyphenols: call to
arms. Mol Pharm 4: 803-806.

7. Lamuela-Ravento’s RM, Andre’s-Lacueva C, Permanyer J, Izquierdo-Pulido M
(2001) More antioxidants in cocoa. J Nutr 131: 834.

8. Dreosti IE (2000) Antioxidant polyphenols in tea, cocoa and wine. Nutrition 16:
692-694.

9. Steinberg FM, Bearden MM, Keen CL (2003) Cocoa and chocolate flavonoids:
implications for cardiovascular health. J Am Diet Assoc 103: 215-223.

10. Rein D, Lotito S, Holt RR, Keen CL, Schmitz HH, et al. (2000) Epicatechin in
human plasma: in vivo determination and effect of chocolate consumption on
plasma oxidation capacity. J Nutr 130: 2109S-2114S.

11. Gu L, House SE, Wu X, Ou B, Prior RL (2006) Procyanidin and catechin
contents and antioxidant capacity of cocoa and chocolate products. J Agric
Food Chem 54: 4057-4061.

12.Lee KW, Kim YJ, Lee HJ, Lee CY (2003) Cocoa has more phenolic

J Nutr Food Sci
ISSN: 2155-9600 JNFS, an open access journal

Volume 3 » Issue 2 + 1000193


http://www.ncbi.nlm.nih.gov/pubmed/16264992
http://www.ncbi.nlm.nih.gov/pubmed/16264992
http://www.ncbi.nlm.nih.gov/pubmed/20116997
http://www.ncbi.nlm.nih.gov/pubmed/20116997
http://www.ncbi.nlm.nih.gov/pubmed/18052085
http://www.ncbi.nlm.nih.gov/pubmed/18052085
http://www.ncbi.nlm.nih.gov/pubmed/10906600
http://www.ncbi.nlm.nih.gov/pubmed/10906600
http://www.ncbi.nlm.nih.gov/pubmed/12589329
http://www.ncbi.nlm.nih.gov/pubmed/12589329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Epicatechin+in+human+plasma%3A+in+vivo+determination+and+effect+of+chocolate+consumption+on+plasma+antioxidant+capacity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Epicatechin+in+human+plasma%3A+in+vivo+determination+and+effect+of+chocolate+consumption+on+plasma+antioxidant+capacity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Epicatechin+in+human+plasma%3A+in+vivo+determination+and+effect+of+chocolate+consumption+on+plasma+antioxidant+capacity
http://www.ncbi.nlm.nih.gov/pubmed/16719534
http://www.ncbi.nlm.nih.gov/pubmed/16719534
http://www.ncbi.nlm.nih.gov/pubmed/16719534
http://www.ncbi.nlm.nih.gov/pubmed/14640573

Citation: Ranneh Y, Ali F, Esa NM (2013) The Protective Effect of Cocoa (Theobroma cacao L.) in Colon Cancer. J Nutr Food Sci 3: 193.

doi:10.4172/2155-9600.1000193

Page 3 of 3

phytochemicals and a higher antioxidant capacity than teas and red wine. J
Agric Food Chem 51: 7292-7295.

3. Vinson JA, Proch J, Bose P, Muchler S, Taffera P, et al. (2006) Chocolate is
a powerful ex vivo and in vivo antioxidant, an antiatherosclerotic agent in an
animal model, and a significant contributor to antioxidants in the European and
American diets. J Agric Food Chem 54: 8071-8076.

14. Weisburger JH (2001) Chemopreventive effects of cocoa polyphenols on

chronic diseases. Exp Biol Med (Maywood) 226: 891-897.

5. Steinberg FM, Bearden MM, Keen CL (2003) Cocoa and chocolate flavonoids:
implications for cardiovascular health. J Am Diet Assoc 103: 215-223.

16. Buijsse B, Feskens EJ, Kok FJ, Kromhout D (2006) Cocoa intake, blood

2

2

2

2

pressure, and cardiovascular mortality: the Zutphen elderly study. Arch Intern
Med 166: 411-417.

7. Kurosawa T, ltoh F, Nozaki A, Nakano Y, Katsuda S, et al. (2005) Suppressive
effect of cocoa powder on atherosclerosis in Kurosawa and Kusanagi-
hypercholesterolemic rabbits. J Atheroscler Thromb 12: 20-28.

8. Ruzaidi A, Abbe Maleyki MJ, Amin |, Nawalyah AG, Muhaijir H (2005) Protective
effect of polyphenol-rich extract prepared from Malaysian cocoa (Theobroma
cacao) on glucose levels and lipid profiles in streptozotocin-induced diabetic
rats. J Sci Food Agric 88: 1442-1447.

9. Amin |, Faizul HA, Azli R (2004) Effect of cocoa powder extract on plasma
glucose levels in hyperglycemic rats. Nutr Food Sci 34: 116-121.

0. Selmi C, Mao TK, Keen CL, Schmitz HH, Eric Gershwin M (2006) The anti-
inflammatory properties of cocoa flavanols. J Cardiovasc Pharmacol 47:
S163-S171.

=

. Amin |, Koh BK, Asmah R (2004) Effect of cacao liquor extract on tumor marker
enzymes during chemical hepatocarcinogenesis in rats. J Med Food 7: 7-12.

2. Yamagishi M, Osakabe N, Natsume M, Adachi T, Takizawa T, et al. (2001)
Anticlastogenic activity of cacao: inhibitory effect of cacao liquor polyphenols
against mitomycin C-induced DNA damage. Food ChemToxicol 39: 1279-1283.

w

. Rodriguez-Ramiro I, Ramos S, Lépez-Oliva E, Agis-Torres A, Gomez-Juaristi

24,

2

[}

26.

27.
28.

2

[{e]

30.

31.

32.

33.

34.

35.

M, et al. (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.

Denis Corpet (2010) Pre-Cancerous Lesions.

. Trevisan M, Browne R, Ram M, Muti P, Freudenheim J, et al. (2001) Correlates

of markers of oxidative status in the general population. Am J Epidemiol 154:
348-356.

Armstrong D, Browne R (1994) The analysis of free radicals, lipid peroxides,
antioxidant enzymes and compounds related to oxidative stress as applied to
the clinical chemistry laboratory. Adv Exp Med Biol 366: 43-58.

Fogh J, Trempe G (1975) Human tumor cells in vitro.

Rodriguez-Ramiro |, Ramos S, Lépez-Oliva E, Agis-Torres A, Bravo L, et al.
(2012) Cocoa polyphenols prevent inflammation in the colon of azoxymethane-
treated rats and in TNF-a-stimulated Caco-2 cells. Br J Nutr 28: 1-10.

. Erlejman AG, Fraga CG, Oteiza Pl (2006) Procyanidins protect Caco-2 cells

from bile acid- and oxidant-induced damage. Free Radic Biol Med 41: 1247-
1256.

Kampa M, Nifli AP, Notas G, Castanas E (2007) Polyphenols and cancer cell
growth. Rev Physiol Biochem Pharmacol 159: 79-113.

Noé V, Pefiuelas S, Lamuela-Raventés RM, Permanyer J, Ciudad CJ, et al.
(2004) Epicatechin and a cocoa polyphenolic extract modulate gene expression
in human Caco-2 Cells. J Nutr 134: 2509-2516.

Buijsse B, Feskens EJ, Kok FJ, Kromhout D (2006) Cocoa intake, blood
pressure and cardiovascular mortality: The Zutphen elderly study. Arch Intern
Med 166: 411-417.

Hollenberg NK, Fisher ND (2007) Is it the dark in dark chocolate? Circulation
116: 2360-2362.

Giilgin 1 (2012) Antioxidant activity of food constituents: an overview. Arch
Toxicol 86: 345-391.

Gilgin 1, Beydemir S (2012) Phenolic compounds as antioxidants: carbonic
anhydrase isoenzymes inhibitors. Mini Rev Med Chem 13: 408-430.

J Nutr Food Sci
ISSN: 2155-9600 JNFS, an open access journal

Volume 3 * Issue 2 + 1000193


http://www.ncbi.nlm.nih.gov/pubmed/21953728
http://www.ncbi.nlm.nih.gov/pubmed/21953728
http://www.ncbi.nlm.nih.gov/pubmed/21953728
http://www.ncbi.nlm.nih.gov/pubmed/11495858
http://www.ncbi.nlm.nih.gov/pubmed/11495858
http://www.ncbi.nlm.nih.gov/pubmed/11495858
http://www.ncbi.nlm.nih.gov/pubmed/7771281
http://www.ncbi.nlm.nih.gov/pubmed/7771281
http://www.ncbi.nlm.nih.gov/pubmed/7771281
http://www.ncbi.nlm.nih.gov/pubmed/23186731
http://www.ncbi.nlm.nih.gov/pubmed/23186731
http://www.ncbi.nlm.nih.gov/pubmed/23186731
http://www.ncbi.nlm.nih.gov/pubmed/17015171
http://www.ncbi.nlm.nih.gov/pubmed/17015171
http://www.ncbi.nlm.nih.gov/pubmed/17015171
http://www.ncbi.nlm.nih.gov/pubmed/17551696
http://www.ncbi.nlm.nih.gov/pubmed/17551696
http://www.ncbi.nlm.nih.gov/pubmed/15465739
http://www.ncbi.nlm.nih.gov/pubmed/15465739
http://www.ncbi.nlm.nih.gov/pubmed/15465739
http://www.ncbi.nlm.nih.gov/pubmed/16505260
http://www.ncbi.nlm.nih.gov/pubmed/16505260
http://www.ncbi.nlm.nih.gov/pubmed/16505260
http://circ.ahajournals.org/content/116/21/2360.full
http://circ.ahajournals.org/content/116/21/2360.full
http://www.ncbi.nlm.nih.gov/pubmed/22102161
http://www.ncbi.nlm.nih.gov/pubmed/22102161
http://www.ncbi.nlm.nih.gov/pubmed/23190033
http://www.ncbi.nlm.nih.gov/pubmed/23190033
http://www.ncbi.nlm.nih.gov/pubmed/14640573
http://www.ncbi.nlm.nih.gov/pubmed/14640573
http://www.ncbi.nlm.nih.gov/pubmed/17032011
http://www.ncbi.nlm.nih.gov/pubmed/17032011
http://www.ncbi.nlm.nih.gov/pubmed/17032011
http://www.ncbi.nlm.nih.gov/pubmed/17032011
http://www.ncbi.nlm.nih.gov/pubmed/11682694
http://www.ncbi.nlm.nih.gov/pubmed/11682694
http://www.ncbi.nlm.nih.gov/pubmed/12589329
http://www.ncbi.nlm.nih.gov/pubmed/12589329
http://www.ncbi.nlm.nih.gov/pubmed/16505260
http://www.ncbi.nlm.nih.gov/pubmed/16505260
http://www.ncbi.nlm.nih.gov/pubmed/16505260
http://www.ncbi.nlm.nih.gov/pubmed/15725692
http://www.ncbi.nlm.nih.gov/pubmed/15725692
http://www.ncbi.nlm.nih.gov/pubmed/15725692
http://openagricola.nal.usda.gov/Record/IND43644711
http://openagricola.nal.usda.gov/Record/IND43644711
http://www.ncbi.nlm.nih.gov/pubmed/16794453
http://www.ncbi.nlm.nih.gov/pubmed/16794453
http://www.ncbi.nlm.nih.gov/pubmed/16794453
http://www.ncbi.nlm.nih.gov/pubmed/15117546
http://www.ncbi.nlm.nih.gov/pubmed/15117546
http://www.ncbi.nlm.nih.gov/pubmed/11696402
http://www.ncbi.nlm.nih.gov/pubmed/11696402
http://www.ncbi.nlm.nih.gov/pubmed/11696402
http://www.ncbi.nlm.nih.gov/pubmed/21953728

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	In vivo Studies: Suppressing the Formation of Aberrant Crypt Foci  
	In vitro Studies  
	Conclusion
	References



