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SUMMARY 
Cancer is growing health problem all over the world and is the second leading cause of 

morbidity and mortality after hearth disease. The WHO has reported that high proportion of 

cancer incidence and deaths are due to the some leading behavioral and dietary risks. That is 

why the prevention of cancer by changes of the diet is one of the leading strategies for 

decreasing of cancer morbidity and mortality. Cancer chemoprevention refers to the usage of 

synthetic or natural chemical agents that are able to prevent, suppress or to revert the step-wise 

processes of carcinogenesis or tumor progression. The natural chemopreventive agents can be 

obtained by different sources, such as microbial, marine, and plant sources. Dietary plant – such 

as fruits, vegetables, spices, cereals, nuts, and edible tubers or roots, are important source of 

bioactive natural compounds with anticarcinogenic activity.  

In the current short review we attempt to overview some of the main classes of the natural 

phytochemicals with cancer chemopreventive effects, such as natural phonolic compounds, 

carotenoids and retinoids, terpenoids, isothiocyanates and other organosulfur compounds 

(organosulfides) and dietary fibers. We also present some of the proposed mechanisms involved 

in their cancer chemopreventive and anticarcinogenic effects.  
Key words: cancer chemoprevention, natural phonolic compounds, carotenoids, terpenoids, 

isothiocyanates, dietary fibers 

 

Introduction 

Cancer, a multifactorial disease, is growing health problem all over the world and is the 

second leading cause of morbidity and mortality after hearth disease. Cancer accounted for 7.6 

million deaths in 2008 worldwide, which is 13% of all deaths (WHO 2013) and deaths from cancer 

are suggested to continue rising, with an estimated 13.1 million deaths in 2030 (IARC 2008). New 

cancer incidence in Bulgaria in 2010 accounted for 34071 cases, as the mortality was 16562 

(Dimitrova, Vukov et al. 2012). The WHO has reported that high proportion of cancer incidence 

and deaths are due to the some leading behavioral and dietary risks: high body mass index, low fruit 

and vegetable intake, lack of physical activity, tobacco use, alcohol use, chronic infections from 

hepatitis B (HBV), hepatitis C virus (HCV) and some types of Human Papilloma Virus (HPV) and 

suggested that about 30% of cancers could be prevented (WHO 2013). The main prevention 

strategies include the increase avoidance of the risk factors, vaccination against HPV and HBV, 

control of the occupational hazards and reduce exposure to sunlight (WHO 2013). 

Cancer chemoprevention refers to the usage of synthetic or natural chemical agents that are 

able to prevent, suppress or to revert the step-wise processes of carcinogenesis or tumor progression 

(Priyadarsini and Nagini 2012). Chemoprevention is intended to interfere to the multistep nature of 

carcinogenesis and tumor progression which are characterized by six main biological capabilities 

acquired by tumor cells:  sustaining proliferative signaling (self-sufficiency of in growth signals or 

growth autonomy); evading growth suppressors (insensitivity to antigrowth signals); resisting cell 

death (evading apoptosis); enabling replicative immortality (limitless replicative potential); 

inducing angiogenesis (sustained angiogenesis); activating invasion and metastases (Hanahan and 

Weinberg 2000; Hanahan and Weinberg 2011).  

According to Wattenberg (Wattenberg 1985) chemoprevention agents could be categorized 

into three main classes depending on the time in the carcinogenic process at which they are 

effective: 1) compounds preventing formation of carcinogen from precursor compounds; 2) 

blocking agents – preventing carcinogens from reaching or reacting with critical target sites in the 
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tissues; 3) suppressing agents- suppressing the expression of neoplasia characteristics in affected 

cells (Wattenberg 1985; Priyadarsini and Nagini 2012). 

The natural chemopreventive agents can be obtained by different sources, such as microbial, 

marine, and plant sources (Priyadarsini and Nagini 2012). Dietary plants – such as fruits, 

vegetables, spices, cereals, nuts, and edible tubers or roots, are important source of bioactive natural 

compounds with anticarcinogenic activity (Huang, Cai et al. 2010). So far more than 10000 

different dietary phytochemicals have been described. They are widely present in plant derived 

foods and beverages (tee, coffee, wine, beer and chocolate) (Russo, Spagnuolo et al. 2010; Tasinov, 

Kiselova – Kaneva et al. 2012; Ivanova 2013). The cancer prevention by dietary phytochemicals is 

an attractive approach due to their inherent biological activity, easy availability, affordability, lack 

of substantial toxicity and ability to modulate a variety of signaling pathways and cell processes 

(Priyadarsini and Nagini 2012; Ivanova 2013). 

Phytochemicals belong to diverse structural and functional chemical classes such as phonolic 

compounds, carotenoids, vitamins, alkaloids,  nitrogen-containing and organosuphur compounds 

phytoalexins, etc. (Fresco, Borges et al. 2010; Huang, Cai et al. 2010; Priyadarsini and Nagini 2012; 

Romagnolo and Selmin 2012; Ivanova 2013). Phytochemicals are able to act via multiple 

mechanisms targeting cell receptors, structural proteins, membrane lipids, reactive oxygen species 

(ROS), the oxidative biomolecule damage products, signaling pathway molecules involved in cell 

cycle, apoptosis, differentiation and migration (Fresco, Borges et al. 2006; Fresco, Borges et al. 

2010; Huang, Cai et al. 2010; Russo, Spagnuolo et al. 2010; Priyadarsini and Nagini 2012; Ivanova 

2013) 

Natural phenolic compounds  

The most attractive phytochemicals are those belonging to the natural phenolic compound 

because of their abundance in vegetables and fruits and wide variety of bioactivities. Phenolic 

compound are essential in plants because they are involved in reproduction and growth of plants, 

contribute to the color of plants and may act as defense molecules against pathogens, parasites, 

predators (Huang, Cai et al. 2010). 

The characteristic feature in the structure of all phenolic compounds is the aromatic ring 

bearing one of more hydroxyl groups. More than 8000 structural variants have been described so 

far. They have been classified in 20 families (Ullah and Khan 2008; Fresco, Borges et al. 2010). 

The most important families of natural phenolic compounds and some of the most known 

compounds belonging to those families are listed further (Ivanova, Gerova et al. 2005; Ullah and 

Khan 2008; Kidd 2009; Fresco, Borges et al. 2010; Huang, Cai et al. 2010; Ivanova 2013):  

1. Phenolic acids and analogs - gallic acid and its alkyl esters found in vegetables, fruits, 

beverage, additives; 

2. Cinamic acids and derivatives - caffeic acid, chlorogenic acid, caffeic acid phenetyl ester 

and other derivatives, isolated from vegetables, fruits, propolis, cocoa, rice, oat, mustard seed, 

coffee, wine, tee, roasted coffee bean;   

3. Vanilloids – capsaicin and derivatives in hot chili and hot red pepper and 6-gingerol in 

ginger root. 

4. Tannins – gallotannins as tannic acid and ellagitannins in fruits, vegetables, wine, tee, 

coffee, cocoa, chocolate, nuts, haricot bean;  

5. Stilbenes – trans-resveratrol and derivatives in grapes, wine, peanuts;  

6. Cucruminoids - curcumin and derivatives, abundant in turmeric an curry spice;  

7. Flavonoids subgroup Flavonols – quercetin, rutin, and kaemferol in grapes, citrus fruits, 

berries, vegetables, olive oil, red wine, tee, cocoa;  

8. Flavonoids subgroup Flavones – flavone, crysin, luteolin and apigenin in fruits, olives, 

cherries, vegetables, legumes, broccoli, celery, spices – parsley, thyme, rosmary, oregano; 

9. Flavonoids subgroup Isoflavones –genestein in soy, soybeans, other soy products, legumes, 

citrus fruits, grapes; 
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10. Flavonoids subgroup Flavanones – pinocembrin, naringenin, hesperidin  in citrus fruits, 

vegetables, peppermint, hops;  

11. Flavonoids subgroup Proanthocyanidins and Theaflavins – propolins in fruits, tee, red and 

white wine, chololate;  

12. Flavonoids subgroup Flavanos - catechins as epicatechin, epigalocatechin, epicatechin 

gallate etc – mainly in green tee 

13. Flavonoid analogues - Flavonolignans – silybin, silymarin  

14. Anthocyanins – pelagronidin, cyaniding, peonidin ets in grapes, berries, pomegranate 

plumps, red wine 

15. Coumarins – fraxin,  aesculin, psoralen, isopsoralen, 5,7-dihydroxy-4-methylcoumarin in 

fruits, vegetables, olive oil, beverages-tee, coffee, wine; 

16. Lignans – lignanolides as matairesinol and derivatives, cyclolignanoides as chinensis and 

neolignans as magnolol in fruits, vegetables, legumes, grains, nuts, seeds, beverages; 

17. Hydroxytyrosol in wine, olive oil, and other edible oils and biphenyls as honokiol and 

magnolol in apricot seed, ginger, rhubarb 

18. Chalcones – xanthohumol and isoxanthohumol in fruits, vegetables, hops extract, beer 

19. Ellagic acid found in berries, walnut, pomegranate 

20. Quinones – anthraquinones, phenanthraquinones, naphthoquinones and benzoquinones-

as aloe-emodin, pupuri, alizarin in medicina and dietary plants, maize. 

There are abundant amount of data confirming the role of phenolic phytochemicals in cancer 

prevention. Most of those compounds have antioxidant capacity and radical scavenging ability 

(Ivanova, Gerova et al. 2005; Fresco, Borges et al. 2006; Kiselova, Ivanova et al. 2006; Kidd 2009; 

Fresco, Borges et al. 2010; Huang, Cai et al. 2010; Kiselova, Ivanova et al. 2011; Priyadarsini and 

Nagini 2012; Romagnolo and Selmin 2012).  In addition they can inhibit tumor cell proliferation 

and induce apoptosis by triggering the cell cycle arrest, interfering signal transduction pathways, 

inducing or inhibiting enzymes, involved in antioxidant defense and xonobiotic-metabolizing 

processes (Fresco, Borges et al. 2006; Neto 2007; Fresco, Borges et al. 2010; Huang, Cai et al. 

2010; Priyadarsini and Nagini 2012; Romagnolo and Selmin 2012). Some phenolic compounds 

possess also antibacterial, antifungal, antiviral, antimutagenic and anti-inflammatory effects (Kidd 

2009; Huang, Cai et al. 2010; Priyadarsini and Nagini 2012; Romagnolo and Selmin 2012). 

Six of the phenolic phytochemicals, curcumin, genestein, -(-)epigallocatechine gallate, 

resveratrol, silybi  and quercetin, have attracted mostly the interest of the scientists and clinicians as 

anticancer chemopreventive agents.  

Curcumin is a polyphenol, derived from the rhizome of turmeric. It has a yellow color and 

was shown to possess antioxidant, anti-inflammatory, anticancer, antimicrobial, hepatoprotective, 

thrombosuppressive and hypoglycemic activity (Russo, Spagnuolo et al. 2010). Curcumin was 

shown to stimulate apoptosis in different cancer cell lines and to inhibit the tumor growth in animal 

models (Fresco, Borges et al. 2010; Russo, Spagnuolo et al. 2010; Priyadarsini and Nagini 2012). 

The antitumor activity of curcumin as been attributed to its inhibitory effect on NF-κB-, Akt-, 

MAPK- and Wnt- signaling pathways (Fresco, Borges et al. 2010; Priyadarsini and Nagini 2012). In 

addition curcumin was shown to inhibit angiogenesis and expression of proliferative and metastatic 

genes and to induce p53- and caspase-mediated apoptosis (Fresco, Borges et al. 2010; Russo, 

Spagnuolo et al. 2010; Priyadarsini and Nagini 2012). 

Genestein is the predominate isoflavone with relatively limited distribution in nature – 

soybeens and soyfoods. Because the molecular structure of genestein and related isoflavones 

resembles that of estrogens, this group of phenolic compounds is also considered as a 

“phytoestrogen” (Mense, Hei et al. 2008). Besides isoflavones other groups considered as 

phytoestrogens are stilbenes (resveratrol), coumestans, and lignans (Mense, Hei et al. 2008). 

Several epidemiological studies have reported that genestein is useful in preventing and treating 

variety of cancers, particularly prostate and breast cancer (Mense, Hei et al. 2008; Fresco, Borges et 
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al. 2010; Russo, Spagnuolo et al. 2010; Priyadarsini and Nagini 2012). Genestein binds the estrogen 

receptors and thus it is able to modulate the estrogen signal pathways in estrogen-dependent tissues 

(Mense, Hei et al. 2008; Fresco, Borges et al. 2010; Russo, Spagnuolo et al. 2010; Priyadarsini and 

Nagini 2012). In vitro studies have reported an inhibiting effect of genestein on the growth of most 

types of hormone-dependent  and –independent cancer cell lines as the effect was dose-dependent: 

at lower doses genestein activates the ERα-mediated proliferation, whereas the high doses leads to 

insertion of anti-proliferative  effect via ERβ (Mense, Hei et al. 2008; Fresco, Borges et al. 2010; 

Russo, Spagnuolo et al. 2010; Priyadarsini and Nagini 2012). Moreover, genestein has been shown 

to be an potent inhibitor of protein tyrosine kinases, particularly those associated with EGF-R 

pathways (Ullah and Khan 2008; Russo, Spagnuolo et al. 2010). Animal models have provided 

evidence for the chemopreventive effects of genestein/isoflavone-rich diets and proved that in 

combination therapy, genestein significantly enhanced the antitumor, anti-invasive and anti-

metastatic effect of chemotherapy with docetaxel in prostate cancer (Mense, Hei et al. 2008; Fresco, 

Borges et al. 2010; Russo, Spagnuolo et al. 2010; Priyadarsini and Nagini 2012). Several clinical 

trials have also been performed in women with high risk of breast cancer or in patients with 

different types and stage of cancers, however no conclusive data for the effect of genestein have 

been reported so far (Mense, Hei et al. 2008; Fresco, Borges et al. 2010; Russo, Spagnuolo et al. 

2010; Priyadarsini and Nagini 2012). 

(-)-Epigallocatechi-3-gallate (EGCG) is one of the most bioactive catechins, determined in 

the green tee: EGCG accounts for more than 50% of the active compounds in the green tee (Hardy 

and Tollefsbol 2011). Similarly to other phytochemicals EGCG has pleiotropic effects on different 

pathways and cell processes contributing to its chemopreventive and potential chemotherapeutic 

activity (Kidd 2009; Russo, Spagnuolo et al. 2010; Hardy and Tollefsbol 2011). Some of those 

pathways include induction of apoptosis and cell cycle arrest, inhibition of oxidative stress and 

agiogenesis, regulation of signal transduction and cancer cell proliferation (Hardy and Tollefsbol 

2011). Most of the processes can be modulated by epigenetic mechanisms, and EGCG has been 

shown to inhibit the activity of enzymes, such as DNA methyltransferase (DNMT) and histone 

acethyltransferase (HAT) included in epigenetic regulation of gene expression (Hardy and 

Tollefsbol 2011). Similarly to other flavonoids, EGCG has antioxidant activity in protecting of 

biomolecules as DNA, lipids and proteins from oxidative damage, although the effect of that 

activity in human is still under discussion (Russo, Spagnuolo et al. 2010). The administration of 

EGCG by using green tee in preclinical and clinical studies has not shown so far a clear cause-effect 

relationship between the amount of green tee and protective effect, possibly due to the differences 

in the form, quality and quantity of the supplements (Russo, Spagnuolo et al. 2010).  

Resveratrol, (3,4’,5’-trihydroxy-trans-stilbene), a powerful phytoalexin and phytoestrogen, is 

highly presented in grape skin, wine, peanuts, cranberries, blueberries and roots of the weed 

Poygonum cuspidatum (Russo, Spagnuolo et al. 2010; Hardy and Tollefsbol 2011). Initially, 

resveratrol has been shown to insert cardiovascular protective effect due to its ability to inhibit 

platelet aggregation, to prevent LDL oxidative modification and to exert vasorelaxing effect on 

anima models (Bradamante, Barenghi et al. 2004; Russo, Spagnuolo et al. 2010). Lately, resveratrol 

started to be in the focus as molecule with anti-cancer properties. It as been demonstrated in in vitro 

studies, that resveratrol and its analogs trigger several intracellular pathways wish finally lead to 

cell growth arrest and apoptosis (Russo, Spagnuolo et al. 2010, Fresco, 2010 #857; Priyadarsini and 

Nagini 2012). Resveratrol and analogs are able to modulate expression and activity of vast range of 

molecules resulting in anticancer activity: they are able to inhibit aryl hydrocarbon receptors, CYP 

enzymes, to activate phase II xenobiotic-metabolizing and antioxidant enzymes, to inhibit pro-

inflammatory mediators, cell cycle machinery molecules, anti-apoptotic, angiogenic and pro-

metastatic factors and to activate pro-apoptotic molecules (Fresco, Borges et al. 2010; Russo, 

Spagnuolo et al. 2010; Priyadarsini and Nagini 2012). Moreover, resveratrol has been shown to 

modulate the epigenetic enzymes and mechanisms: it has lower DNMT activity than other 
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phytochemicals, but it is capable to prevent the epigenetic silencing of BRCA1 tumor suppressive 

gene (Hardy and Tollefsbol 2011).  

Important feature of resveratrol is its capability to activate sirtuin proteins, particularly SIRT-

1 (Bishayee 2009). Sirtuins are a family of NAD
+
-dependent protein deacetylases, known also as 

class III histone deacetyases (HDAC). Histone covalent modifications by 

methylation/demethylation, acetylation/deacetylation, phosphorylatio/dephosphorylation, 

biotinylation and ubiquitination are key mechanisms of epigenetic regulation of chromatin structure 

and gene activation/silencing processes related to aging, apoptosis, and cell cycle and survival. The 

chemopreventive activity of resveratrol is thought to be due to its ability to activate SIRT-1, which 

negatively regulates the expression of the anti-apoptotic protein, survivin (Bishayee 2009; Hardy 

and Tollefsbol 2011). 

So far there are only few studies aiming to evaluate the chemopreventive activity of 

resveratrol in human administrated either as a pure substance or as dietary form (in wine and/or 

other beverages). No conclusive data have been reported yet, although a 50% or more reduction of 

breast cancer was reported in women with resveratrol consumption from grapes, but not from wine 

(Levi, Pasche et al. 2005).  

Silybin is a flavonolignan and is the major constituent of silymarin, a flavonol complex 

extracted from the milk thistle fruit (Silybum marianum). Silybin phosphatidylcholin is clinically 

validated as antioxidant, anti-inflammatory and liver detoxification agent (Kidd 2009). The 

antioxidant activity of silybin is due to its ability to conserve reduced glutathione in the cells 

providing stabilization of cell membranes against oxidative attack (Kidd 2009). Moreover silybin is 

an effective chelator of iron leading to lowering of serum ferritin in patients with chronic hepatitis 

(Bares, Berger et al. 2008).  

In addition to the well-proven hepatoprotective effect of silybin, recently its anti-

inflammatory and anticancer potential have been largely studied. Studies have shown that the anti-

inflammatory and anticancer effects of silybin and the other flavonolignans could be related to their 

inhibitory potential on the nuclear factor kappa B (NF-κB), which is a key transcriptional factor for 

numerous genes involved in regulation of inflammation, immune system, cell differentiation, 

survival, apoptosis, and it is critically involved in carcinogenesis and progression of cancer (Bares, 

Berger et al. 2008; Sarkar, Li et al. 2008; Thomasova, Mulay et al. 2012). 

Quercetin is a flavonol, which is widely distributed in nature: it is found in grapes, citrus 

fruits, berries, vegetables, olive oil, red wine, tee, cocoa. Cranberries are one of the most important 

fruit sources of quercetin, as the total flavonol content of cranberry fruit is about 20-30 mg/100g 

fresh fruit weight, whit about 75% of flavonols being quercetin glycoside (Neto 2007). Quercetin 

has been reported to inhibit different tumor cell lines in the range of 15-60 mg/l (Neto 2007). In 

addition there is a large amount of reports of quercetin’s ability to inhibit cancer cell proliferation 

and to induce apoptosis. Mechanisms of its anti-proliferative activity have been suggested to 

include arrest in G1 phase, inhibition of EGFR expression and associated tyrosine kinase activity, 

reduction of Ras protein, increase of the expression of endogenous inhibitors of MMPs (TIMPs), 

modulation of estrogen receptor pathway (Neto 2007). Analyses have suggested that quercetin may 

induce apoptosis by modulation of the expression of Bax and Bcl-2 proteins (Neto 2007).  

Carotenoids and retinoids 

Carotenoids are a large group of fat-soluble organic pigments produced in pants and some 

other photosynthetic organisms like algae, some bacteria, and some fungi. More that 600 

carotenoids have been so far described and they are classified into two main subclasses according to 

the presence of oxygen in their structure: xanthophylls with oxygen and carotenes without oxygen. 

Among the carotenoids, proved to have a role as chemopreventive agents, are α-carotene, β-

crotene, γγγγ-carotene, lutein, lycopene, β-cryptoxanthine, astaxanthin, zeaxanthin. Those pigments 

are found in yellow/orange fruits as tomatos, carrots, in several other vegetables as red bell 

peppers, watermelons, and papayas (but not strawberries or cherries), marine food, salmon (Fresco, 
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Borges et al. 2010). In addition all-trans retinoic acid, retinyl esters and retinol (vitamin A) have 

also been shown to have anticancer effect (Fresco, Borges et al. 2010; Russo, Spagnuolo et al. 

2010).  

Lycopene (ψ,ψ-carotene) is the most abundant carotenoid in tomatos. Although lycopene is a 

caroten it is not a vitamine A precursor and has no such vitamine activity. That’s why it has no 

physiological function in human, except for its strong antioxidant activity as a efficient quenching 

agent of singlet oxygen and othe ROS. A moecule of lycopen is able to scavange more than one 

ROS because of the presence of the long polyunsaturated charbohydrate chain (Russo, Spagnuolo et 

al. 2010). Becides the ROS scavenging antioxidant activity, lycopen has been shown to stimulate 

the antioxidant defense mechanisms via stimuation of ARE (antioxidant response element) 

dependent upregulation of the expression of antioxidant enzymes (Russo, Spagnuolo et al. 2010). 

There are a number of epidemiological data which support the notion that comsumtion of lycopene-

rich diet decreases the risk of cancers with different histological origin (Russo, Spagnuolo et al. 

2010).  Moreover there have been performed also several phase I and II clinical trials in order to 

support the role of lycopene for amilioration of conditions of patients with early stage prostate ancer 

(Russo, Spagnuolo et al. 2010).  

Terpenoids 

Terpenoids also named terpens or isoprenoids, are a very large group of more than 40000 

compounds found mainly in plants but also in animas and microbial specie. They are synthesized 

from 5-carbone building blocks, such as isoprene (2-methyl-1,3-butadiene) and its derivatives. 

Based on the number of the monomers terpenoids are classified as hemi-, mono-, sequi-, di-, sester-, 

tri-, tetra-, and polyterpens (Bishayee, Ahmed et al. 2011). Among the terpenoids, triterpenoids 

have been emerge as phytochemicals with potent anticancer activity, determined both in vitro and in 

vivo (Bishayee, Ahmed et al. 2011; Patlolla and Rao 2012). More than 20000 rriterpenoids exist in 

the nature and are mainly found in see-weeds and wax-like coatings of fruits and herbs as apples 

(peel), cranberries, figs, olives, lavender, rosemary, thyme, oregano etc. (Bishayee, Ahmed et al. 

2011). Triterpens are synthesized in plants by oxidation and cyclization of squalene to 2,3-

oxidosqualene, the precursor of all steroids, including phytosterols and are characterized by a basic 

30-carbon isoprenoid backbone. Most of triterpens are formed via beta-amyrin pathway by the 

enzyme beta-amyril synthase (Pollier and Goossens 2012). Depending on the structures and 

substituting groups they can be further subclassified into lupanes (betulinic acid and lupeol), 

oleananes (oleanolic acid), ursanes (ursolic acid and beta-boswellic acid), and cucurbitanes 

(cucurbitacin), cycoartanes, dammaranes, euphanes, friedelanes, holostanes, hopanes, lanostanes, 

limonoids, protostanes, squalens etc. (Bishayee, Ahmed et al. 2011; Patlolla and Rao 2012).  

Triterpenoids have been shown to have a variety of biological activities as anti-inflammatory, 

analgesic, antipyretic, hepatoprotective, cardiotonic, sedative, spasmolotic, antimicrobial, antiviral, 

antiallergic, antioxidant, and antiangiogenic effects (Bishayee, Ahmed et al. 2011; Patlolla and Rao 

2012; Pollier and Goossens 2012). A great number of triterpens have been reported to exert 

cytotoxic effect against variety of tumor cell types without any toxic effect to the normal cells and 

to have antitumor activity in in vivo experiments with tumor animal modes (Bishayee, Ahmed et al. 

2011). Anti-carcinogenic activities of triterpenoids have also been established in animal modes of 

various chemically-induced cancers (Patlolla and Rao 2012). 

The suggested mechanisms  of anti-carcinogenic and antitumor activities include: 1) 

Modulation of inflammation by inhibiting the pro-inflammatory enzymes 5-lipoxygenase (5-LOX), 

inducible forms of NO synthase (iNOS),  cyclooxigenase-2 (COX-2), the human leukocyte elastase 

and pro-inflammatory transcriptional factor NF-κB pathway (Patlolla and Rao 2012); 2) Induction 

of cell cycle G1 and G2/M arrest  by inducing the expression of tumor suppressive genes p21 and 

diminished expression of cyclins D1, E, B1, leading to decreasing the phosphorylation of Rb, 

CDK2 and CDK4 (Patlolla and Rao 2012); 3) Induction of apoptosis by activation the cleavage of 

caspase-3 and -8, down-regulation of the expression of anti-apoptotic Bcl-2 and Bcl-xL, cyclin D1 
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and survivin (Patlolla and Rao 2012);  4) Inhibition of angiogenesis by blocking VEGF, VEGFR2 

activation, and down-regulation of the expression of MMP-2 and  uPA (Patlolla and Rao 2012);  5) 

Inhibition of phase I xenobiotic-metabolizing enzymes such as cytochrome P450 (CYP) isoenzymes 

(CYP1A2, CYP2C8, CYP2C9, CYP2E1, CYP3A4, etc.)  The chemoprotective effect was 

demonstrated for ursolic acid, oleanolic acid, beta-boswellic acid in in vivo studies in chemically-

induced colon and skin cancers (Patlolla and Rao 2012).  

Among the monoterpens limonene has been described to display compelling anti-

carcinogenic activity, however the mechanism which underlines this activity, remains unclear yet. It 

was suggested that limonene and other monoterpens might exert anti-carcinogenic activity via 

interacting with RAS signaling pathway. They have been found to impair the incorporation of 

farnesyl pyrophosphate into RAS and RAS-related proteins, a process of posttranslational 

modification (farnesylation) which is critical for membrane localization and function of RAS 

proteins (Hohl 1996).  

Isothiocyanates and other organosulfur compounds (organosulfides) 

Isothiocyanates (ITC) are a group of phytochemicals present in cruciferous vegetables as 

broccoli, cabbage, mustard, horseradish, radish, Brussels sprouts, watercress, kale, turnip, 

gardencress, etc. Naturally ITCs occur in vegetables as thioglucoside conjugates (glucosinolates). 

Glucosinolates are water-soluble anions and contain a central carbon atom, which is bond via a 

sulfur atom to the glycone group and via a nitrogen atom to a sulfonated oxim group (Russo, 

Spagnuolo et al. 2010). The ITCs are hydrolysis products of glucosinolates obtained due to the 

catalytic activity of myrosinase (thioglucoside glucohydrolase), which is realized from plant cell 

compartments during the processing (cutting and chewing) of dietary cruciferous vegetables 

(Antosiewicz, Ziolkowski et al. 2008; Russo, Spagnuolo et al. 2010). ITCs are characterized by the 

sulfur containing isothiocyanate group (-N=C=S) and are electrophilic and biologically active. The 

most common ITCs are allyl isothiocyanate (AITC in broccoli and Brussels spouts), benzyl 

isothiocyanate (BITC in cabbage),  phenethyl isothiocyanate (PEITC in watercress),  sulforaphane 

(SFN I in broccoli and Brussels spouts, cabagge) (Antosiewicz, Ziolkowski et al. 2008; Russo, 

Spagnuolo et al. 2010; Hardy and Tollefsbol 2011).  

Several epidemiological and laboratory studies have provided evidence that the ITCs are 

highly effective in protection against cancer induced by  chemical carcinogens (Antosiewicz, 

Ziolkowski et al. 2008; Russo, Spagnuolo et al. 2010; Zhang 2010; Hardy and Tollefsbol 2011). 

Mechanisms by which SFN and other ITCs inhibit chemically-induced cancer in animal models 

may involve inhibition of phase I xenobiotic-metabolizing enzymes as CYP isomers and induction 

of the expression and activity of Nrf2-reguated phase II detoxifying enzymes such as glutathione-S-

transferase isoenzymes (GSTs), quinone reductase and heme oxygenase-1, which can also action as 

protectors of oxidative stress (Fahey and Talalay 1999; Keum, Yu et al. 2006; Antosiewicz, 

Ziolkowski et al. 2008). Moreover, SFN and other ITCs may up-regulate the antioxidant enzyme 

thioreduxin reductase 1 and its substrate thioreduxin (Antosiewicz, Ziolkowski et al. 2008).  Thus, 

the ITCs have been suggested to function as indirect antioxidants leading to modulation of redox 

status in the cells (Antosiewicz, Ziolkowski et al. 2008).  

Another mechanism of chemopreventive activity of ITCs may be considered the cell cycle 

arrest and induction of apoptosis, the letter one associated with inhibition of mitochondrial 

respiration, mitochondrial swelling, release of cytochrome c and induction of caspase-8 activation 

(Nakamura, Kawakami et al. 2002, Antosiewicz, 2008 #888; Russo, Spagnuolo et al. 2010). An 

additional way of prevention from chemically-induced cancer might be the up-regulation of 

multidrug resistance-associated protein 2, which is one of the potent efflux pumps of xenobiotics in 

biliary pathways (Antosiewicz, Ziolkowski et al. 2008). SFN has been shown to insert its 

chemopreventive effect also via a epigenomic effects, particularly by increasing of global and local 

histone acetylation of a number of cancer-related genes by inhibition of histon deacetyase (HDAC) 

(Hardy and Tollefsbol 2011). Other studies have shown that SFN can inhibit DNA 
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methyltransferases (DNMTs) in breast cancer cells and human telomerase reverse transcriptase 

(hTERT) that is over-expressed in about 90% of cancers (Hardy and Tollefsbol 2011). 

Organosulfur compounds (OSC) that are generated during processing of Allium vegetables 

(e.g. garlic, onions, scallions, chives, leeks) have been considered the most important 

phytochemicals contributing to the cancer chemopreventive effect of those vegetables. Garlic 

contains an sulfur compound, γ-glutamyl-S-alk(en)yl-L-cysteine, which is hydrolyzed and oxidized 

leading to an odorless compound, alliin (Amagase, Petesch et al. 2001; Antosiewicz, Ziolkowski et 

al. 2008). Further, processing of garlic vegetable results in releasing from cell vacuoles of the 

enzyme, called alliinase. This enzyme catalyzes the conversion of alliin into odoriferous 

thiosulfinates including allicin. Thiosulfinates are very unstable and give rise to oil-soluble OSCs 

such as diallyl sulfide (DAS), diallyl disulfide (DADS),  diallyl trisulfide (DATS), dithiins and 

ajoene and to water-soluble OSC, such as S-allyl cysteine (SAC) and S-allyl mercaptocysteine 

(SAMC) (Amagase, Petesch et al. 2001; Antosiewicz, Ziolkowski et al. 2008). 

Phytochemicals of garlic and other Allium vegetables have been shown to possess 

hypolipidemic, antiplatelet, procirculatory, hepatoprotective, immune-enhancing, anticancer and 

chemopreventive activities effects (Amagase, Petesch et al. 2001).  The first evidence for 

chemopreventive effect of Allium vegetables were found in population-based case-control studies 

which have found inverse correlation between the consumption of garlic and risk for gastric and 

colorectal cancer (Antosiewicz, Ziolkowski et al. 2008). Different mechanisms for chemopreventive 

effects of OSCs of Allium vegetables have been suggested, including antioxidant response element 

(ARE) activation leading to Nrf2-mediated induction of some phase II detoxifying enzymes as 

GSTs, quinone reductase 1 (NQO1) and heme oxygenase-1; down-regulation of the expression of 

iNOS, reduced generation of NO and reduced NF-κB activation; cell cycle arrest by down 

regulation of cyclins, CDKs, transcriptional activation of CDK inhibitors and p53; induction of 

apoptosis due to ROS-dependent activation of stress kinases, including JNK, down-regulation of 

Bcl-2, Bcl-xL, induction of Bax and Bad (Antosiewicz, Ziolkowski et al. 2008; Priyadarsini and 

Nagini 2012). In addition, OSCs have been shown to insert chemopreventive and anticancer effect 

via epigenetic mechanisms involving inhibition of histon deacetyase (HDAC) and enhancing the 

Sp3 binding sites in the promoter of p21/Waf1 gene resulting in increased p21 tumor suppressor 

protein and cell cycle arrest (Hardy and Tollefsbol 2011). Other mechanisms implicated in the 

anticancer effects include enhancing of immunity, suppression of angiogenesis and inflammation, 

induction of DNA repair (Nagini 2008; Priyadarsini and Nagini 2012). 

Dietary fibers and non-starch polysaccharides 

Dietary fibers (DF) are the edible parts of plants - carbohydrate polymers with ten to more 

monomeric units and with more than three degree polymerization, which are resistant to digestion 

by endogenous enzymes and to absorption in the small intestine (Lattimer and Haub 2010). In 

general the carbohydrates can be separated into two groups based on their digestibility in the 

gastrointestinal tract: To the first group, referred as non-structural carbohydrates, non-fibrous 

polysaccharides or simple carbohydrates, belong those carbohydrates which are easily hydrolyzed 

by enzyme reaction and absorbed in small intestine (starch, simple sugars, and fructans); To the 

second group, referred as complex carbohydrates, non-starch polysaccharides or structural 

carbohydrates, belong cellulose, hemicellulose, lignin, pectin, beta-glucans, etc, which are resistant 

to digestive enzymes in small intestine and require microflora fermentation in the large intestine 

(Lattimer and Haub 2010). The compounds of the latter group are considered as dietary fibers and 

can be divided into soluble and insoluble (Lattimer and Haub 2010). Soluble fibers such as pectins, 

gums, inulin-type fructans, and some hemicelluloses, are dissolved in water and form viscous gel; 

they remain unchanged in the small intestine and are easily fermented by bacteria in the large 

intestine. Insoluble fibers (lignin, cellulose, and some hemicelluloses) are not water-soluble, do not 

form gels and their fermentation is limited (Lattimer and Haub 2010).  
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Some of the fiber components of interest are arabinoxylan, inulin, β-glucan, pectin, cellulose 

and resistant starch. Arabinoxylan is a component of hemicelluloses and is comprised of xylose 

backbone with arabinose side chains. It can be found mainly in the endosperm and bran of the 

whole grains, but is it almost completely removed during the whet flour processing (Lattimer and 

Haub 2010). Inulin is a polymer of fructose monomers and it is present in dietary plants as onions, 

garlic, wheat, artichokes and bananas. It is used to improve the test and mouthfeel, as a functional 

food ingredient and as a probiotic. It has been shown that inulin can stimulate the growth of 

Bifidobacteria, while limiting the growth of potential pathogenic bacteria as E. coli, Salmonella, 

and Listeria (Gibson, Beatty et al. 1995; Lattimer and Haub 2010). β-Glucan is a linear 

polysaccharide of glucose having β(1→4) and β(1→3) linkages. It is found in endosperm of 

different grains, mainly barley and oats (Lattimer and Haub 2010). Pectin is a linear polymer of 

galacturonic acid with β(1→4) linkages. In some regions the galacturonic acid backbone is 

substituted with α(1→2) rhamnopyranose units bound to side chains of neutral sugars as galactose, 

mannose, glucose and xylose. Pectin is highly water-soluble polysaccharide, that bypasses the small 

intestine digestion but it is easily fermented in colon. A high amount of pectin exists in the peel of 

citrus fruits and apples (Lattimer and Haub 2010). Cellulose is also a linear polymer of glucose with 

β(1→4) linkages. It is structural components of the cell walls in green plants and vegetables. It is 

water-soluble and remains non-digested in small intestine, but fermented to some degree in the 

large intestine. Resistant starches are defined as any starch not digested in the small intestine, i.e. 

starch granules surrounded by an undigestible plant matrix, natural starch in an uncooked potato 

and in high amylase maize, crystallized starches made during some cooking and cooling processes 

and starches which are chemically modified by esterification, crosslinks etc (Higgins 2004; 

Lattimer and Haub 2010).  

These individual components of DF have been shown to play an important role in improving 

health and to have protective effects for development of obesity, diabetes type 2, cardiovascular 

diseases and several type of cancer (Lattimer and Haub 2010).Several studies have reported data 

that supported the anti-carcinogenic effects of  DF (Young, Hu et al. 2005; Park, Brinton et al. 

2009; Lattimer and Haub 2010); The mechanisms behind those effects are still not fully elucidated. 

However several modes of action have been proposed: 1) due to the undigestibility of DFs, they 

bypass the small intestine and undergo fermentation in large intestine to short-chain fatty acids 

(acetic acid, propionic acid and butyric acid), which are shown to have anti-carcinogenic properties 

(Young, Hu et al. 2005; Lattimer and Haub 2010); 2) DFs, particularly the  water-soluble which can 

form viscous gel and thus can increase fecal bulking and viscosity, reduce the time of contact 

between the potential carcinogen and mucosal wall; 3) DFs increase the binding of bile acids and 

carcinogens; 4) DFs can have antioxidant activity; 5) DFs may increase the estrogen excretion with 

the faces due to inhibition of estrogen absorption in the intestine (Young, Hu et al. 2005; Park, 

Brinton et al. 2009; Lattimer and Haub 2010).  

In addition DFs are shown to have variety other positive effects on human health:  they can 

increase the rate of bile excretion thus contributing to reduction of serum total and LDL cholesterol;  

the short-chain fatty acid, particularly the propionate, produced during the fermentation of DFs, can 

inhibit the endogenous cholesterol synthesis; DFs can regulate the energy intake, thus increasing the 

weight loss; DFs are shown to decrease the blood glucose fluctuation and to attenuate insulin 

response; DFs are able to decrease the pro-inflammatory cytokine production and C-reactive protein 

serum concentrations (Esposito, Nappo et al. 2003; Weickert and Pfeiffer 2008; Lattimer and Haub 

2010).  

Conclusion  

The natural chemopreventive agents can be obtained by different sources, such as microbial, 

marine, and plant sources. Dietary plants are important source of bioactive natural compounds with 

anticarcinogenic activity, which belong to diverse classes of phytochemicals, such as natural 
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phonolic compounds, carotenoids and retinoids, terpenoids, isothiocyanates and other organosulfur 

compounds (organosulfides), dietary fibers etc. 

There are abundant amount of data confirming the role of different phytochemicals in cancer 

prevention. Although the exact mechanisms involved in their cancer chemopreventive and 

anticarcinogenic effects are not completely clarified, it has been suggested that phytochemicals are 

able to act via multiple mechanisms targeting cell receptors, structural proteins, membrane lipids, 

reactive oxygen species (ROS), the oxidative biomolecule damage products, signaling pathway 

molecules involved in cell cycle, apoptosis, differentiation and migration. Most of those compounds 

have been shown to possess antioxidant capacity and radical scavenging ability. In addition they 

can inhibit tumor cell proliferation and induce apoptosis by triggering the cell cycle arrest, 

interfering signal transduction pathways, inducing or inhibiting enzymes, involved in antioxidant 

defense and xonobiotic-metabolizing processes.  Some phytochemcals possess also antibacterial, 

antifungal, antiviral, antimutagenic and anti-inflammatory effects.  
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