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ABSTRACT

Fruits, vegetables, and common beverages as well as several herbs and plants, each 
having a variety of pharmacological properties, have been shown to be rich sources of 
microchemicals with the potential to prevent human cancers. Several epidemiological 
studies have suggested that microchemicals present in our diet could be the most 
desirable agents for the prevention and/or intervention of human cancer incidence and 
mortality due to stomach, colon, breast, esophagus, lung, bladder, and prostate cancer. 
Also, the consumption of vegetables and fruits often is lower in those who subsequently 
develop cancer. There are many biologically plausible reasons why consumption of plant 
foods might slow or prevent the appearance of cancer. The specific mechanisms of action 
of most phytochemicals in cancer prevention are not yet clear, but appear to be varied. 
Phytochemicals can inhibit carcinogenesis by induction of phase II enzymes and inhib-
iting phase I enzymes, scavenge DNA reactive agents, suppress the abnormal prolifer-
ation of early preneoplastic lesions, and inhibit certain properties of the cancer cell.
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1.1 INTRODUCTION

Fruits, vegetables, and common beverages as well as several herbs and plants with 
diversified pharmacological properties have been shown to be rich sources of micro-
chemicals with the potential to prevent human cancers.1,2 About 30 classes of chem-
icals shown to have cancer-preventive effects that may have practical implications 
in reducing cancer incidence in human populations have been described.3 Several 
epidemiological studies, supported by long-term animal tumor experiments, etc., 
have suggested that microchemicals present in our diet could be the most desirable 
agents for the prevention and/or intervention of human cancer incidence and mor-
tality due to stomach, colon, breast, esophagus, lung, bladder, and prostate cancer.4

Also, a diet rich in fruits and vegetables is associated with reduced risk for a number 
of common cancers. Food chemists and natural product scientists have identified 
hundreds of phytochemicals that are being evaluated for the prevention of cancer. 
These include the presence in plant foods of such potentially anticarcinogenic sub-
stances as carotenoids, chlorophyll, flavonoids, indoles, isothiocyanates, polyphe-
nolic compounds, protease inhibitors, sulfides, and terpenes (Table 1.1). The specific 
mechanisms of action of most phytochemicals in cancer prevention are not yet clear, 
but appear to be varied. Considering the large number and variety of dietary phy-
tochemicals, their interactive effects on cancer risk may be extremely difficult to 
understand. Phytochemicals can inhibit carcinogenesis by induction of phase II 
enzymes while inhibiting phase I enzymes, scavenge DNA reactive agents, suppress 
the abnormal proliferation of early preneoplastic lesions, and inhibit certain prop-
erties of the cancer cell (Figures 1.1 and 1.2).6,7

This chapter will help to elucidate the current knowledge on dietary phytochem-
icals in cancer prevention.  

TABLE 1.1
Some Dietary Sources of Phytochemicals5

Phytochemical Food Source
Carotenoids Apricot, peach, nectarine, orange, broccoli, 

cabbage, spinach, pea, pumpkin, carrot, 
tomato 

Flavonoids Green tea, black tea, citrus fruits, onion, 
broccoli, cherry, wheat, corn, rice, 
tomatoes, spinach, cabbage, apples, 
olives, red wine, soy products

Polyphenols Grapes, strawberry, raspberry, 
pomegranate, paprika, cabbage, walnut

Protease Inhibitors Soy bean, oats, wheat, peanut, potato, rice, 
corn

Sulfide Cabbage, chives, allium, onion, garlic
Terpenes Grapefruit, lemon, lime, orange, lavender, 

mint, celery seed, cherry
© 2001 by CRC Press LLC



1.2 CAROTENOIDS

Carotenoids are a diverse group of over 600 structurally related compounds synthe-
sized by bacteria and plants. The dietary carotenoids undergo a series of metabolic 
conversions, extracellularly in the lumen of the intestine and intracellularly in the 
intestinal mucosa.8 Many carotenoids have the ability to quench singlet oxygen and 
thus function as antioxidants. Evolving evidence suggests that carotenoids may 
modulate processes related to mutagenesis, cell differentiation, and proliferation, 
independent of their role as antioxidants or precursors of vitamin A.9,10 They also 
act on the differentiation and growth control of epithelial cells11,12 and inhibit 1,2-
diglyceride-induced growth and protease secretion.13 Epidemiological data14 show that 
increased consumption of beta carotene-rich foods and higher blood levels of β-
carotene are associated with a reduced risk of lung cancer (Table 1.2).  

1.3 CHLOROPHYLL

Chlorophyll is the ubiquitous pigment in green plants. Chlorophyllin, the food-grade 
derivative of chlorophyll, has been used historically in the treatment of several human 
conditions, with no evidence of human toxicity.16 The potential carcinogenic activity 
of chlorophyll is of considerable interest because of its relative abundance in green 
vegetables widely consumed by humans. Chlorophyll and chlorophyllin have been 
shown to exert profound antimutagenic behavior against a wide range of potential 

FIGURE 1.1  Effect of phase I and phase II enzymes.6
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human carcinogens.17,18 In spectrophotometric studies mutagen-inhibitor interaction 
(molecular complex formation) was identified. In vivo, chlorophyllin reduced 
hepatic aflatoxin B1-DNA adducts and hepatocarcinogenesis when the inhibitor 

FIGURE 1.2  Relationship between phytochemicals and carcinogenesis.7

TABLE 1.2
Biological Behavior of Some Carotenoids15

Carotenoid Anticarcinogenic activity Inhibition of Lipid 
peroxidation

β-Carotene ++++ ++
Canthaxanthin ++++ +++
Lutein + +++
α-Carotene ++ +
Lycopene + ++

Note: weak = +, middle = ++, strong = +++, very strong = ++++.
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and carcinogen were co-administered in the diet.19 Also, the formation of a chloro-
phyllin:aflatoxin B(1) complex reduced systemic aflatoxin B(1) bioavailability.20

Vibeke et al.21 indicated that the chlorophyllin dosage required to give an overall 
protection against aflatoxin B1-induced hepatocarcinogenesis was less than 1500 
ppm in animal experiments. By comparison, the reported concentration of chloro-
phyll in spinach isolates is in the range of 1500 to 600,000 ppm, depending on 
agronomic conditions.22

Further, chlorophyllin possesses free-radical scavenging properties. Recent stud-
ies suggest that chlorophyllin effectively protects plasmid DNA against ionizing 
radiation independent of DNA repair or other cellular defense mechanisms.23 

Chlorophyll-related compounds pheophytin a and b have been recently identified 
as antigenotoxic substances in the nonpolyphenolic fraction of green tea.24 They 
have potent suppressive activities against tumor promotion in mouse skin.25 

1.4 FLAVONOIDS

Flavonoids are a group of polyphenolic compounds ubiquitously found in fruits and 
vegetables. The family includes monomeric flavanols, flavanones, anthocyanidins, 
flavones, and flavonols. In addition to their free-radical scavenging activity26 fla-
vonoids have multiple biological activities,27 including vasodilatory,28 anticarcino-
genic, anti-inflammatory, antibacterial, immune-stimulating, anti-allergic, antiviral, 
and estrogenic effects, as well as being inhibitors of phospholipase A2, cyclooxy-
genase, lipoxygenase,27,29,30 glutathione reductase,32 and xanthine oxidase.32 

Flavonoids are known to be good transition metal chelators; most lipid peroxi-
dation inhibition assays measure a combination of transition metal (usually iron) 
chelation and radical scavenging. In animal experiments cyanidanol-3 led to a strong 
inhibition of lipid peroxidation.33 Also, some flavonoids might regenerate the reduc-
ing agent, ascorbate.34  

Increased levels of estrogens in blood and urine are high-risk markers for breast 
cancer.35,36 In a large, prospective, case-control study there was a significant rela-
tionship between serum estrogen levels and the risk for breast cancer in women in 
New York.36 Goldin et al.37 reported 44% lower blood levels of estrogen and andro-
gens in Asian women who emigrated to the U.S. from areas of low breast cancer 
risk, when compared to Caucasian Americans, who have a higher risk for breast 
cancer. Another studies indicated a 36% lower plasma estrogen level in women in 
rural China when compared to women in Britain, where breast cancer is more 
common.38 Among premenopausal women in Singapore, breast cancer risk was 
inversely related to soy protein intake.39 These epidemiological observations are 
supported by results of animal studies. Also, soy feeding is protective against 
experimentally induced mammary and other organ cancers.40 Soy contains signifi-
cant amounts of the isoflavones daidezein and genistein.41 They may act as anti-
estrogens by competing with endogenous estrogens for receptor binding, and this 
may reduce estrogen-induced stimulation of breast cell proliferation42 and breast 
tumor formation (Table 1.3). 
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1.5 INDOLES

In ancient times, cruciferous vegetables were cultivated primarily for medicinal 
purposes.44 The biologically active compound is glucobrassicin, a secondary plant 
metabolite that is abundant in cruciferous vegetables.45 Glucobrassicin undergoes 
autolysis during maceration to indole-3-carbinol, which is known to undergo acid-
condensation in the stomach following ingestion. Incubation of indole-3-carbinol 
under conditions that mimic the acid conditions in the stomach results in the pro-
duction of multimeric derivatives of indole-3-carbinol.46 In vitro acid-condensation 
of indol-3-carbinol may include cyclic and noncyclic tetramers, pentamers, and 
hexamers.47,48 

Rabbits fed on cabbage leaves survived a lethal dose of uranium.49 A series of 
3-substituted indoles: indole-3-carbinol, 3-indoleacetonitrile, and 3,3'-diindolyl-
methane, are inhibitors of induced cancer.50 Animals fed diets high in cruciferous 

TABLE 1.3
Some Dietary Sources of Flavonoids43

Flavonoid Food Source
Flavanol 

Epicatechin 
Catechin 
Epigallocatechin 
Epicatechin gallate 
Epigallocatechin

 
 

Green and black teas
Red wine

Flavanone 
Naringin 
Taxifolin

Peel of citrus fruits
Citrus fruits

Flavonol 
Kaempferol 
Quercetin 
 
Myricetin

Endive, leek, broccoli, radish, grapefruit, black tea,  
onion, lettuce, broccoli, cranberry, apple skin, 
berries, olive, tea, red wine

Cranberry, grapes, red wine
Flavone 

Chrysin 
Apigenin

Fruit skin
Celery, parsley

Anthocyanidins 
Malvidin 
Cyanidin 
Apigenidin

Red grapes, red wine
Cherry, raspberry, strawberry, grapes
Colored fruit and peels

Phenyl propanoids 
Ferulic acid 
Caffeic acid 
 
β-Coumaric acid 
Chlorogenic acid

Wheat, corn, rice, tomatoes, spinach, cabbage, asparagus
White grapes, white wine, olives, olive oil, spinach, cabbage, 

asparagus, coffee
White grapes, white wine, tomatoes, spinach, cabbage, asparagus
Apples, pears, cherries, plums, peaches, apricots, blueberries, 

tomatoes, anise
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vegetables and then exposed to various carcinogens expressed lower tumor yields 
and increased survival rates.51,52 Indole-3-carbinol administration is known to induce 
cytochrome P450 and glutathione S-transferase activities, resulting in increased 
metabolic capacity toward chemical carcinogens.53 These properties of indole-3-
carbinol are considered to contribute to the known anticarcinogenic properties of 
this compound, as well as to the reduced risk of cancer associated with diets rich 
in cruciferous vegetables.54 Evidence from an epidemiological case-control study of 
diet and cancer also suggested that consumption of cruciferous vegetables are asso-
ciated with a decreased incidence of cancer.55

Oligomeric acid-condensation derivatives of indol-3-carbinol inhibit P-glyco-
protein-mediated cellular efflux by acting as competetive inhibitors of the pump by 
overloading its capacity to transport cytotoxic therapeutic agents from the cell.56 So, 
inhibition of P-glycoprotein transport results in an increase in cellular accumulation 
of cytotoxic chemotherapeutic agents, thus increasing the efficacy of these agents.

1.6 ISOTHIOCYANATES

Organic isothiocyanates are widely distributed in plants. In addition to their char-
acteristic flavors and odors, isothiocyanates have a variety of other pharmacological 
and toxic activities. Gluconasturtiin is a common isothiocyanate. Upon chewing of 
watercress, gluconasturtiin is hydrolyzed to phenylethyl isothiocyanate. It is respon-
sible for the sharp taste of this vegetable. The consumption of 30 g of watercress 
will release a minimum of 2–5 mg of phenylethyl isothiocyanate (PEITC).57 In 
smokers the consumption of watercress increases urinary excretion of NNK (4-
methylnitrosamino-1-3-pyridyl-1-butanone) metabolites.58 NNK is a potent pulmo-
nary carcinogen in rodents. It is believed to be one of the causes of lung cancer in 
smokers.59 NNK requires metabolic activation by α-hydroxylation to express its 
carcinogenic activity. The metabolic activation of NNK generates reactive interme-
diates that form a variety of DNA adducts that are involved in carcinogenesis. 
Inhibition of the α-hydroxylation pathways and other oxidative metabolic pathways 
of NNK by PEITC cause increased excretion of metabolites in urine.58 Dietary 
administration of nontoxic doses of PEITC decreases NNK metabolic activation and 
lung tumor induction.60 Recent studies indicate that dietary isothiocyanates have 
remarkable chemopreventive efficacy in the N'-nitrosonornicotine-induced esoph-
ageal tumor model.61

1.7 POLYPHENOLIC COMPOUNDS

The polyphenolic components of higher plants may act as antioxidants or as agents 
of other mechanisms contributing to anticarcinogenic or cardioprotective action.43

Ellagic acid, a polyphenol generated from ellagitannins, is a most promising chemo-
preventive for reduction of risk of human cancers and it could potentially be intro-
duced in human intervention trials.62 Studies of the mechanism of action of ellagic 
acid have concluded that it could inhibit phase I enzymes involved in the activation 
of procarcinogens.63 Ellagic acid induces hepatic glutathione S-transferase, a phase 
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II enzyme responsible for the detoxification of some carcinogen-generated electro-
philes.64 Ellagic acid may also scavenge oxygen radicals involved in oxidative 
destruction of membrane lipids and involved in tumor promotion.65 Studies have 
shown that green tea affords cancer chemopreventive effects in a variety of animal 
model systems.66 Green tea polyphenols have also been demonstrated to inhibit 
ornithine decarboxylase induction caused by tumor promoters in mouse skin and 
other tissues.67,68 Epigallocatechin gallate (EGCG) is extracted from the leaves of 
the plant Camellia sinensis. A heavy drinker of green tea may consume 1 g/day.69

EGCG, at 1 to 10 µM, reduced inflammation-induced generation of mutagenic 
peroxynitrite radicals and nitrite.70 Two epidemiological studies indicate that people 
who consume tea regularly may have a decreased risk of prostate cancer.71 EGCG 
has been shown to cause growth inhibition and regression of human prostate and 
breast tumors in athymic nude mice.72 

Curcumin is a phenolic compound widely used as a spice and coloring agent in 
food. Curcumin possesses potent antioxidant, anti-inflammatory, and antitumor pro-
moting activities. Previous studies have shown that topical application of curcumin 
inhibits TPA (12-o-tetradecanoylphorbol-13-acetate) epidermal DNA synthesis, 
tumor promotion in mouse skin, and edema of mouse ears.73 In mice, dietary 
administration of 5000 to 20,000 ppm curcumin reduced the incidence of intestinal 
tumors.74 Further, curcumin induced apoptotic cell death in promyelocytic leukemia 
HL-60 cells at concentrations as low as 3.5 µg/ml;75 recent studies demonstrated an 
inhibitory effect of dietary curcumin when administered continuously during the 
initiation and postinitiation phases.76,77  Administration of curcumin may retard 
growth and/or development of existing neoplastic lesions in the colon.76

1.8 PROTEASE INHIBITORS

A variety of studies have made it clear that protease inhibitors (PI) can inhibit 
transformation in vitro, as well as development of both benign and malignant lesions 
in vivo.78,79 The content of two prominent PI (Bowman-Birk inhibitor BBI and Kunitz 
trypsin inhibitor KTI) varies considerably with species of soy,80 and PI content of 
several soy protein isolates can vary by as much as 20-fold. In many models, dietary 
administration of exogenous PI is effective in reducing cancer incidence.78,79 Also, 
their ability to diminish the occurrence of a variety of cancers in organs where the 
inhibitor is not present points to an indirect role for PI.79 Recent studies indicate 
that BBI and BBI concentrate prevent and suppress malignant transformation in vitro
and carcinogenesis in vivo, without toxicity.81 Further, BBI concentrate could be a 
useful agent for the potentiation of radiation- and cisplatin-mediated cancer treatment 
without significant adverse effects on surrounding normal tissues.82

A number of clinically important PI are found in serum, including α2-protease 
inhibitor, α2-macroglobulin, α1-antichymotrypsin, α1-acid glycoprotein, etc. Many 
of these PI are referred to as acute-phase reactants and are active against serine 
proteinases.83 Other potentially important effects of dietary PI may occur via hor-
monal modulation and inactivation of trypsin and chymotrypsin in the duodenum. 
For example, potato carboxypeptidase inhibitor is an antagonist of human epidermal 
growth factor. It competed with epidermal growth factor for binding to epidermal 
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growth factor receptor and inhibited EGFR activation and cell proliferation induced 
by this growth factor. Potato carboxypeptidase inhibitor suppressed the growth of 
several human pancreatic adenocarcinoma cell lines, both in vitro and in nude mice.84

A number of studies have documented, for instance, that dietary PI stimulates 
secretion of pancreatic enzymes, presumably via modulation of cholecystokinin 
levels.85 Cholecystokinin release is of additional interest because cholecystokinin 
acts as a cocarcinogen in various models.86

Among other effects, PI block release of oxygen radicals and H2O2 from poly-
morphonuclear leukocytes and activated macrophages,87 which may protect DNA 
from oxidative damage or from single-strand breaks. Hydroxyl radicals also appear 
to be involved.88 Further, PI inhibit influx of polymorphonuclear leukocytes.87

1.9 SULFIDES

Sulfides have been shown to inhibit a variety of tumors induced by chemical car-
cinogenesis. In rat liver, supernatant ajoene and diallyl sulfide affected aflatoxin B1 
metabolism and DNA binding by inhibiting phase I enzymes, and may therefore be 
considered as potential cancer chemopreventive agents.89 In mice the oral application 
of diallyl sulfide suppressed the activity of ornithine decarboxylase.90 In the murine 
model, topical application of diallyl sulfide and diallyl disulfide (DAS), oil-soluble 
constituents of garlic and onions, significantly inhibited skin papilloma formation 
from the ninth week of promotion and significantly increased the rate of survival.91

Animal studies indicate that dietary intake of DAS has chemopreventive potential 
during the time corresponding to the initiation phase on 2-amino-1-methyl-6-phe-
nylimidazo[4,5-b]pyridine-induced mammary carcinogenesis.92 Upon examining 
specific P450 enzymes, the 7-pentoxyresorufin-O-dealkylase (PROD) activity, which 
was low in untreated rat liver microsomes, was greatly increased by DAS, reaching 
a plateau of 100-fold increase at 24 to 48 h. Subsequent studies indicated that this 
increase in PROD activity was due to the induction of the CYP 2B1 gene at the 
transcriptional level.93 On the other hand, the P450 2E1-dependent N-nitrosodi-
methylamine demethylase activity was lowest (20% of the control) at 15 h and 
gradually returned to the control level after 2 days. DAS has also been shown to 
slightly decrease 16β-testosterone hydroxylase activity.94

1.10 TERPENES

Monoterpenoids are commonly produced by plants and found in many fruits and 
vegetables. Pharmacokinetic studies in dogs and rats revealed that oral administration 
of perillyl alcohol is rapidly absorbed from the gastrointestinal tract and metabolized 
to perillic acid and dihydroperillic acid.95,96 Several monoterpenes induce phase II 
enzymes.97 With regard to the mode of the chemopreventive action of perillyl alcohol, 
monoterpenes exhibit a diverse array of metabolic, cellular, and molecular activities, 
including inhibition of activation of carcinogen metabolism, inhibition of cellular 
proliferation, and the induction of differentiation and apoptosis.98,99 Limonene has 
been studied in animal models as an anticarcinogen.100 Limonene caused regression 
of DMBA-induced mammary tumors.101 Limonene is also capable of inhibiting the 
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development of upper digestive tract carcinomas in N-nitrosodiethylamine-treated 
mice.102 In humans, the three metabolic derivatives detected in plasma after single 
oral doses of limonene 100 mg/kg are perillic acid, dihydroperillic acid, and 
limonene-1,2-diol.103 The metabolic precursors to perillic acid and dihydroperillic 
acid are likely perillyl alcohol and perillyl aldehyde, both of which have potent 
antiproliferative activities in cell culture systems.104–106 Limonene impairs DNA 
synthesis in the human-derived myeloid leukemia cell line THP-1 and in the lym-
phoid leukemia cell line RPMI-8402 in a concentration-dependent manner.106 In 
addition, d-limonene inhibits carcinogen activation to produce an inhibitory effect 
in carcinogenesis. Animal studies indicated that d-limonene administered in the diet 
at the 1 to 5% levels inhibited both DMBA- and MNU-induced rat mammary 
carcinogenesis in female rats.107

1.11 CONCLUSION

Review of the epidemiological data, including both cohort and case-control studies 
of all cancer sites as well as a variety of animal studies, strongly suggest that plant 
foods have preventive potential and that consumption of vegetables and fruits is 
lower in those who subsequently develop cancer. Other data suggest that foods high 
in phytoestrogens are plausibly associated with a lower risk of sex hormone-related 
cancers. 

REFERENCES

1. Boone, C. W., Bacus, J. W., Bacus, J. V., Steele, V. E., and Kelloff, G. J., Properties 
of intraepithelial neoplasia relevant to the development of cancer chemopreventive 
agents, J. Cell Biochem. Suppl., 28, 1, 1997.

2. Goodman, G. E., The clinical evaluation of cancer prevention agents, Proc. Soc. Exp. 
Biol. Med., 216, 253, 1977.

3. Wattenberg, L. W., An overview of chemoprevention: current status and future pros-
pects, Proc. Soc. Exp. Biol. Med., 216, 133, 1997.

4. Ames, B. N., Gold, L. S., and Willett, W. C., The status and prevention of cancer, 
Proc. Natl. Acad. Sci. USA, 92, 5258, 1995.

5. Waladkhani, A. R. and Clemens, M. R., Effect of dietary phytochemicals on cancer 
development, Int. J. Mol. Med., 1, 747, 1998.

6. Sipes, I. G. and Gandolfi, A. J., Biotransformation of toxicants, in Toxicology — the 
Basic Science of Poisons, Amdur, M. O., Doull, J., and Klassen, C. D., Eds., McGraw-
Hill, New York, 1993, 88.

7. Wattenberg, L. W., Chemoprevention of cancer by naturally occurring and synthetic 
compounds, in Cancer Chemoprevention, Wattenberg, L. W., Lipkin, M., Boone, 
C. W., and Kelloff G. J., Eds., CRC Press, Boca Raton, FL, 1992, 19.

8. Goodman, D. S. and Blaner, W. S., Biosynthesis, absorption, and hepatic metabo-
lism of retinol, in The Retinoids. Vol. 2, Sporn, M. B., Roberts, A. B., and Goodman 
D. S., Eds., Academic Press, Orlando, FL, 1984, 1.

9. Levy, J., Bosin, E., Feldman, B., Giat, Y., Munster, A., Danilenko, M., and Sharoni, 
Y., Lycopene is a more potent inhibitor of human cancer cell proliferation than either 
α-carotene or β-carotene, Nutr. Cancer, 24, 257, 1995.
© 2001 by CRC Press LLC



10. Matsushima-Nishiwaki, R., Shidoji, Y., Nishiwaki, S., Yamada, T., Moriwaki, H., and 
Muto, Y., Suppression by carotenoids of microcystin-induced morphological changes 
in mouse hepatocytes, Lipids, 30, 1029, 1995.

11. Phillips, R. W., Kikendall, J. W., Luk, G. D., Willis, S. M., Murphy, J. R., Maydono-
vitch, C., Bowen, P. E., Stacewicz-Sapuntzakis, M., and Wong, R. K., Beta-carotene 
inhibits rectal mucosal ornithine decarboxylase activity in colon cancer patients,
Cancer Res., 53, 3723, 1993.

12. Sporn, M. B. and Roberts, A. B., Role of retinoids in differentiation and carcinogen-
esis, Cancer Res., 43, 3034, 1983.

13. Kahl-Rainer, P. and Marian, B., Retinoids inhibit protein kinase C-dependent trans-
duction of 1,2-diglyceride signals in human colonic tumor cells, Nutr. Cancer, 21, 
157, 1994.

14. Ziegler, R. G., Mayne, S. T., and Swanson, C. A., Nutrition and lung cancer, Cancer 
Cause Control, 7, 157, 1996.

15. Wolf, G., Retinoids and carotenoids as inhibitors of carcinogenesis and inducers of 
cell-cell communication, Nutr. Rev., 50, 270, 1992.

16. Young, R. W. and Beregi J. S., Use of chlorophyllin in the care of geriatric patients, 
J. Am. Geriatr. Soc., 28, 48, 1980.

17. Lai, C., Butler, M. A., and Matney, T. S., Antimutagenic activities of common 
vegetables and their chlorophyll content, Mutat. Res., 77, 245, 1980.

18. Negishi, T., Arimoto, S., Nishizaki, C., and Hayatsu, H., Inhibitory effect of chloro-
phyll on the genotoxicity of 3-amino-1-methyl-5H-pyrido[4,3-b]indole (Trp-P-2), 
Carcinogen, 10, 145, 1989.

19. Dashwood, R., Negishi, T., Hayatsu, H., Breinholt, V., Hendricks, J., and Bailey, G., 
Chemopreventive properties of chlorophylls towards aflatoxin B1: a review of the 
antimutagenicity and anticarcinogenicity data in rainbow trout, Mutat. Res., 399(2), 
245, 1998.

20. Breinholt, V., Arbogast, D., Loveland, P., Pereira, C., Dashwood, R., Hendricks, J., 
and Bailey, G., Chlorophyllin chemoprevention in trout initiated by aflatoxin B(1) 
bath treatment: An evaluation of reduced bioavailability vs. target organ protective 
mechanisms, Toxicol. Appl. Pharmacol., 158(2), 141, 1999.

21. Vibeke, B., Hendricks, J., Pereira, C., Arbogast, D., and Bailey, G., Dietary choloro-
phyllin is a potent inhibitor of aflatoxin B1 hepatocarcinogenesis in Rainbow Trout, 
Cancer Res., 55, 57, 1995.

22. Khalyfa, A., Kermasha, S., and Alli, I., Extraction, purification and characterization 
of chlorophyll from spinach leaves, J. Agric. Food Chem., 40, 215, 1992.

23. Kumar, S. S., Chaubey, R. C., Devasagayam, T. P., Priyadarsini, K. I., and Chauhan, 
P. S., Inhibition of radiation-induced DNA damage in plasmid pBR322 by chloro-
phyllin and possible mechanism(s) of action, Mutat. Res., 425(1), 71, 1999.

24. Okai, Y. and Higashi-Okai, K., Potent suppressing activity of the nonpolyphenolic 
fraction of green tea (Camellia sinensis) against genotoxin-induced umu C gene 
expression in Salmonella typhimurium (TA 1535/pSK 1002)--association with pheo-
phytins a and b, Cancer Lett., 120(1),117, 1997.

25. Higashi-Okai, K., Otani, S., and Okai, Y., Potent suppressive activity of pheophytin 
a and b from the non-polyphenolic fraction of green tea (Camellia sinensis) against 
tumor promotion in mouse skin, Cancer Lett., 129(2), 223, 1998.

26. Kandaswami, C. and Middleton, E., Free radical scavenging and antioxidant activity 
of plant flavonoids, Adv. Exp. Med. Biol., 366, 351, 1994.

27. Ho, C. T., Chen, Q., Shi, H., Zhang, K. Q., and Rosen, R. T., Antioxidative effect of 
polyphenol extract prepared from various Chinese teas, Prev. Med., 21, 520, 1992.
© 2001 by CRC Press LLC



28. Duarte, J., Perez-Vizcainom, F., Utrilla, P., Jimenez, J., Tanargo, J., and Zarzuelo, A., 
Vasodilatory effects of flavanoids in rat aortic smooth muscle. Structure-activity 
relationships, Gen. Pharmacol., 24, 857, 1993.

29. Middleton, E. and Kandaswami, C., Effects of flavonoids on immune and inflamma-
tory functions, Biochem. Pharmacol., 43, 1167, 1992.

30. Lindahl, M. and Tagesson, C., Selective inhibition of groups by phospholipase A2 
by quercetin, Inflammation, 17, 573, 1993.

31. Elliot, A. J., Scheiber, S. A., Thomas, C., and Pardini R. S., Inhibition of glutathione 
reductase by flavonoids. A structure-activity study, Biochem. Pharmacol., 44, 1603, 
1992.

32. Chang, W. S., Lee, Y. J., Lu, F. J., and Chiang, H. C., Inhibitory effects of flavonoids 
on xanthine oxidase, Anticancer Res., 13, 2165, 1993.

33. Clemens, M. R. and Remmer, A., Volatile alkanes produced by erythrocytes: an assay 
for in vitro studies on lipid peroxidation, Blut, 45, 329, 1982.

34. Van Acker, S. A. B. E., van den Berg, D. J., Tromp, M. N. J. L., Griffioen, D. H., 
van Bennekom, W. P., van der Vijgh, W. J. F., and Bast, A., Structural aspects of 
antioxidant activity of flavonoids, Free Rad. Biol. Med., 20, 331, 1996.

35. Bernstein, L., Yuan, J. M., Ross, R. K., Pike, M. C., Hanisch, R., Lobo, R., Stanczyk, 
F., Gao, Y. T., and Henderson, B. E., Serum hormone levels in premenopausal Chinese 
women in Shanghai and white women in Los Angeles: results from two breast cancer 
case-control studies, Cancer Cause Control, 1, 51, 1990.

36. Toniolo, P. G., Levitz, M., Zeleniuch-Jacquotte, A., Banerjee, S., Koenig, K., Shore, 
R. E., Strax, P., and Pasternack, B. S., A protective study of endogenous estrogens 
and breast cancer in postmenopausal women, J. Natl. Cancer Inst., 87, 190, 1995.

37. Goldin, B. R., Adlercreutz, H., Gorbach, S. L., Woods, M. N., Dwyer, J. T., Conlon, 
T., Bohn, E., and Gershoff, S. N., The relationship between estrogen levels and diets 
of Caucasian American and Oriental immigrant women, Am. J. Clin. Nutr., 44, 945, 
1986. 

38. Key, T. J. A., Chen, J., Wang, D. Y., Pike, M. C., and Boreham, J., Sex hormones in 
women in rural China and in Britain, Br. J. Cancer, 62, 631, 1990. 

39. Lee, H. P., Gourley, L., Duffy, S. W., Esteve, J., Lee, J., and Day, N. E., Risk factors 
for breast cancer by age and menopausal status: a case-control study in Singapore, 
Cancer Cause Control, 3, 313, 1992.

40. Messina, M. J., Persky, V., Setchell, K. D. R., and Barnes, S., Soy intake and cancer 
risk: a review of the in vitro and in vivo data, Nutr. Cancer, 21, 113, 1994.

41. Price, K. R. and Fenwick, G. R., Naturally occurring oestrogens in foods: a review, 
Food Addit. Contam., 2, 73, 1985.

42. Martin, P. M., Horwitz, K. B., Ryan, D. S., and McGuire, W. L., Phytoestrogen 
interaction with estrogen receptors in human breast cancer, Endocrinology, 103, 1860, 
1978.

43. Rice-Evans, C. A., Miller, N. J., and Paganga, G., Structure-antioxidant activity 
relationships of flavonoids and phenolic acids, Free Rad. Biol. Med., 20(7), 933, 1996.

44. Fenwick, G. R., Heaney, R. K., and Mullin, W. J., Glucosinolates and their breakdown 
products in food and food plants, Crit. Rev. Food Sci. Nutr., 18, 123, 1983.

45. McDanell, R., McLean, A. E. M., Hanley, A. B., Heaney, R. K., and Fenwick, G. R., 
Chemical and biological of indole glucosinates (glucobrassicins): a review, Food 
Chem. Toxicol., 26, 59, 1986.

46. DeKruif, C. A., Marsman, J. W., Venekamp, J. C., Falke H. E., Noordhoek, J., 
Blaauboer, B. J., and Wortelboer, H. W., Structure elucidation of acid reaction prod-
ucts of indole-3-carbinol: detection in vivo and enzyme induction in vivo, Chem. 
Biol. Interact., 80, 303, 1991.
© 2001 by CRC Press LLC



47. Bradfield, C. A. and Bjeldanes, L. F., High performance liquid chromatographic 
analysis of anticarcinogenic indoles in Brassica oleracea, J. Agric. Food Chem., 35, 
46, 1987.

48. Dunn, S. E. and LeBlanc, G. A., Hypochlosterolemic properties of plant indoles, 
Biochem. Pharmacol., 47, 359, 1994.

49. Eisner, G., Über die lebensrettende Wirkung von Pflanzenteilen und daraus isolierten 
Säften bei der tödlich verlaufenden, subakuten Uranvergiftung, Biochem. Z., 232, 
218, 1931.

50. Bradfield, C. A. and Bjeldanes, L. F., Structure-activity relationships of dietary 
indoles. A proposed mechanism of action modifiers of xenobiotic metabolism, J. 
Toxicol. Environ. Hlth., 21, 311, 1987.

51. Boy, J. N., Babish, J. G., and Stoewsand, G. S., Modification by beet and cabbage 
diets of aflatoxin B1-induced rat plasma α-foetoprotein elevation, hepatic tumorigen-
esis, and mutagenicity of urine, Food Chem. Toxicol., 20, 47, 1982.

52. Wattenberg, L. W., Inhibition of neoplasia by minor dietary constituents, Cancer Res., 
43, 2448s, 1983.

53. Morse, M. A., LaGreca, S. D., Amin, S. G., and Chung, F. L., Effects of indole-3-
carbinol on lung tumorigenesis and DANN methylation induced by 4-(methylnitro-
samino)-1-butanone (NNK) and on the metabolism and disposition of NNK in A/J 
mice, Cancer Res., 50, 1613, 1990.

54. Marchand, L. L., Yoshizawa, C. N., Kolonel, L. N., Hankin, J. H., and Goodman, 
M. T., Vegetable consumption and lung cancer risk: a population based case-control 
study in Hawaii, J. Natl. Cancer Inst., 81, 1158, 1989.

55. Graham, S., Results of case-control studies of diet and cancer in Buffalo, NY, Cancer 
Res., 43, 2409s, 1983.

56. Christensen, J. G. and LeBlanc, G. A., Reversal of multidrug resistance in vivo by 
dietary administration of the phytochemical indole-3-carbinol, Cancer Res., 56, 574, 
1996.

57. Chung, F. L., Morse, M. A., Eklind, K. I., and Lewis, J., Quantitation of human 
uptake of the anticarcinogen phenethyl isothiocyanate after a watercress meal, Cancer 
Epidemiol. Biomark. Prev., 1, 383, 1992.

58. Hecht, S. S., Chemoprevention by isothiocyanates, J. Cell Biochem., 22, 195, 1995.
59. Hecht, S. S. and Hoffmann, D., The relevance of tobacco-specific nitrosamines to 

human cancer, Cancer Surv., 8, 273, 1989.
60. Morse, M. A., Amin, S. G., Hecht, S. S., and Chung, F. L., Effects of aromatic 

isothiocyanates on tumorigenicity. O-methylguanine formation, and metabolism of 
the tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone in 
A/J mouse lung, Cancer Res., 49, 2894, 1989.

61. Stoner, G. D., Adams, C., Kresty, L. A., Amin, S. G., Desai, D., Hecht, S. S., Murphy, 
S. E., and Morse, M. A., Inhibition of N'-nitrosonornicotine-induced esophageal 
tumorigenesis by 3-phenylpropyl isothiocyanate, Carcinogen, 19(12), 2139, 1998.

62. Kelloff, G. J., Malone, W. F., Boone, C. W., Sigman, C. C., and Fay, J. R., Progress 
in applied chemoprevention research, Semin. Oncol., 17, 438, 1990.

63. Mandal, S., Shivapurkar, N. M., Galati, A. J., and Stoner, G. D., Inhibition of N-
nitrosobenzylmethylamine metabolism and DANN binding in cultured rat esophagus 
by ellagic acid, Carcinogen, 9, 1313, 1988.

64. Das, M., Bickers, D. R., and Mukhtar, H., Effect of ellagic acid on hepatic and 
pulmonary xenobiotic metabolism in mice: studies on the mechanism of its anticar-
cinogenic action, Carcinogen, 6, 1409, 1985.

65. Osawa, T., Die, A., Su, J. D., and Namiki, M., Inhibition of lipid peroxidation by 
ellagic acid, J. Agric. Food Chem., 35, 808, 1987.
© 2001 by CRC Press LLC



66. Yang, G., Liao, J., Kim, K., Yurkow, E. J., and Yang, C. S., Inhibition of growth and 
induction of apoptosis in human cancer cell lines by tea polyphenols, Carcinogen, 
19, 611, 1998.

67. Hu, G., Han, C., and Chen J., Inhibition of oncogene expression by green tea and 
(-)-epigallocatechin gallate in mice, Nutr. Cancer, 24, 203, 1995.

68. Yamane, T., Takahashi, T., Kuwata, K., Oya, K., Inagakme, M., Kitao, Y., Suganuma, 
M., and Fujiki, H., Inhibition of N-methyl-N-nitrosogaunidine-induced carcinogene-
sis by (-)-epigallocatechin gallate in the rat glandular stomach, Cancer Res., 55, 2081, 
1995.

69. WHO International Agency for Research on Cancer, Tea. IARC Monogr., Evalu. 
Carcinog. Risks Hum., 51, 207, 1991.

70. Chan, M. M. Y., Ho, C. T., and Huang, H. I., Effects of three dietary phytochemicals 
from tea, rosemary, and tumeric on inflammation-induced nitrite production, Cancer 
Lett., 96, 23, 1995.

71. Kinlen, L. J., Willows, A. N., Goldblatt, P., and Yudkin, J., Tea consumption and 
cancer, Br. J. Cancer, 58, 397, 1988.

72. Liao, S., Umekita, Y., Guo, J., Kokontis, J. M., and Hiipakka, R. A., Growth inhibition 
and regression of human prostate and breast tumors in athymic mice by tea epigal-
locatechin gallate, Cancer Lett., 96, 239, 1995.

73. Huang, M. T., Lysz, T., Ferraro, T., Abidi, T. F., Laskin, J. D., and Conney, A. H., 
Inhibitory effects of curcumin on in vitro lipoxygenase and cyclooxygenase activities 
in mouse epidermis, Cancer Res., 51, 813, 1991.

74. Huang, M. T., Lou, Y. R., Ma, W., Newmark, H., Reuhl, K., and Conney, A. H., 
Inhibitory effect of dietary curcumin on forestomach, duodenal, and colon carcino-
genesis in mice, Cancer Res., 54(22), 5841, 1994.

75. Kuo, M. L., Huang, T. S., and Lin, J. K., Curcumin, an antioxidant and anti-tumor 
promoter, induces apoptosis in human leukemia cells, Biochim. Biophys. Acta, 
1317(2), 95, 1996.

76. Kawamori, T., Lubet, R., Steele, V. E., Kelloff, G. J., Kaskey, R. B., and Rao, C. V., 
Chemopreventive effect of curcumin, a naturally occurring anti-inflammatory agent, 
during the promotion/progression stages of colon cancer, Cancer Res., 59, 597, 1999.

77. Pereira, M. A., Grubbs, D. J., Barnes, L. H., Li, H., Olson, G. R., Eto, I., Juliana, 
M., Whitaker, L. M., Kelloff, G. J., Steele, V. E., and Lubet, R. A., Effects of the 
phytochemicals, curcumin and quercetin, upon azoxymethane-induced colon cancer 
and 7,12-dimethylbenz[a]anthracene-induced mammary cancer in rats, Carcinogen, 
17, 1305, 1996.

78. Kennedy, A., Prevention of carcinogenesis by protease inhibitors, Cancer Res., 54, 
1999s, 1994.

79. Troll, W., Frenkel, K., and Wiesner, R., Protease inhibitors as anticarcinogens, J. Natl. 
Cancer Inst., 73, 1245, 1984.

80. Eldridge, A. and Kwolek, W., Soybean isoflavones: Effect of environment and variety 
on composition, J. Agric. Food Chem., 31, 394, 1983.

81. Kennedy, A. R., The Bowman-Birk inhibitor from soybeans as an anticarcinogenic 
agent, Am. J. Clin. Nutr., 68(Suppl. 6), 1406S, 1998.

82. Zhang, L., Wan, X. S., Donahue, J. J., Ware, J. H., and Kennedy, A. R., Effects of 
the Bowman-Birk inhibitor on clonogenic survival and cisplatin- or radiation-induced 
cytotoxicity in human breast, cervical, and head and neck cancer cells, Nutr. Cancer, 
33(2), 165, 1999.

83. Clawson, G. A., Protease inhibitors and carcinogenesis: a review, Cancer Invest., 
14(6), 597, 1996. 
© 2001 by CRC Press LLC



84. Blanco-Aparicio, C., Molina, M. A., Fernandez-Salas, E., Frazier, M. L., Mas, J. M., 
Querol, E., Aviles, F. X., and de Llorens, R., Potato carboxypeptidase inhibitor, a T-
knot protein, is an epidermal growth factor antagonist that inhibits tumor cell growth, 
J. Biol. Chem., 273(20), 12370, 1998.

85. Ware, J. H., Wan, X. S., Rubin, H., Schechter, N. M., and Kennedy, A. R., Soybean 
Bowman-Birk protease inhibitor is a highly effective inhibitor of human mast cell 
chymase, Arch. Biochem. Biophys., 344(1), 133, 1997.

86. Howatson, A., The potential of cholecystokinin as a carcinogen in the hamster-
nitrosamine model, in Nutritional and Toxicological Significance of Enzyme Inhibitors 
in Foods, Friedman, M., Ed., Plenum Press, New York, 1986, 109.

87. Goldstein, B., Witz, G., Amoruso, M., and Troll, W., Protease inhibitors antagonize 
the activation of polymorphonuclear leukocyte oxygen consumption, Biochem. Bio-
phys. Res. Commun., 88, 854, 1979.

88. Troll, W., Prevention of cancer by agents that suppress oxygen radical formation, 
Free Rad. Res. Commun., 12-13, 751, 1991.

89. Tadi, P. P., Lau, B. H., Teel, R. W., and Herrmann, C. E., Binding of aflatoxin B1 to 
DNA inhibited by ajoene and diallyl sulfide, Anticancer Res., 11(6), 2037, 1991. 

90. Baer, A. R. and Wargovich, M. J., Role of ornithine decarboxylase in diallyl sulfide 
inhibition of colonic radiation injury in the mouse, Cancer Res., 49(18), 5073, 1989.

91. Dwivedi, C., Rohlfs, S., Jarvis, D., and Engineer, F. N., Chemoprevention of chem-
ically induced skin tumor development by dially sulfide and diallyl disulfide, Phar-
macolog. Res., 9(12), 1668, 1992.

92. Suzui, N., Sugie, S., Rahman, K. M., Ohnishi, M., Yoshimi, N., Wakabayashi, K., 
and Mori, H., Inhibitory effects of diallyl disulfide or aspirin on 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine-induced mammary carcinogenesis in rats, Jpn. J. 
Cancer Res., 88(8), 705, 1997.

93. Pan, J., Hong, J. Y., Ma, B. L., Ning, S. M., Paranawithana, S. R., and Yang, C. S., 
Transcriptional activation of P-450 2B1/2 genes in rat liver by diallyl sulfide, a 
compound derived from garlic, Arch. Biochem. Biophys., 302, 337, 1993.

94. Brady, J. F., Wang, M. H., Hong, J. Y., Xiao, F., Li, Y., Yoo, J. S. H., Ning, S. M., 
Fukuto, J. M., Gapac, J. M., and Yang, C. S., Modulation of rat hepatic microsomal 
monooxygenase activities and cytotoxicity by diallyl sulfide, Toxicol. Appl. Pharma-
col., 108, 342, 1991.

95. Haag, J. D. and Gould, M. N., Mammary carcinoma regression induced by perillyl 
alcohol, a hydroxylated analog of limonene, Cancer Chemother. Pharmacol., 34, 477, 
1994.

96. Phillips, L. R., Malspeis, L., and Supko, J. G., Pharmacokinetics of active drug 
metabolites after oral administration of perillyl alcohol, an investigational antineo-
plastic agent, to the dog, Drug Metab. Dispos., 23, 676, 1995.

97. Zheng, G. Q., Zhang, J., Kenny, P. M., and Lam, L. K. T., Stimulation of glutathione 
S-transferase and inhibition of carcinogenesis in mice by celery seed oil constituents, 
in Food Phytochemicals for Cancer Prevention, I., Huang, M., Osawa, T., Ho, C., 
and Rossen, R. T., Eds., American Chemical Society, Washington, D.C., 1994, 230.

98. Mills, J. J., Chari, R. S., Boyer, I. J., Gould, M. N., and Jirtle, R. L., Induction of 
apoptosis in liver tumors by the monoterpene perillyl alcohol, Cancer Res., 55, 979, 
1995.

99. Morse, M. A., and Toburen, A. L., Inhibition of metabolic activation of 4-(methylni-
trosamine)-1-(3-pyridyl)-1-butanone by limonene, Cancer Lett., 104, 211, 1996. 
© 2001 by CRC Press LLC



100. Elegbede, J. A., Elson, C. E., Quershi, A., Tanner, M. A., and Gould, M. N., Inhibition 
of DMBA-induced mammary cancer by the monoterpene d-limonene, Carcinogen, 
5, 661, 1984.

101. Elegbede, J. A., Elson, C. E., Tanner, M. A., Quershi, A., and Gould, M. N., Regres-
sion of rat primary mammary tumors following dietary d-limonene, J. Natl. Cancer 
Inst., 76, 323, 1986.

102. Wattenberg, L. W., Sparnns, V. L., and Barany, G., Inhibition of N-nitrosodiethy-
lamine carcinogenesis in mice by naturally occurring organosulfur compounds and 
mono-terpenes, Cancer Res., 49, 2689, 1989.

103. Crowell, P. J., Elson, C. E., Bailey, H. H., Elegbede, A., Haag, J. D., and Gould, 
M. N., Human metabolism of the experimental cancer therapeutic agent d-limonene, 
Cancer Chemother. Pharmacol., 35, 31, 1994.

104. Ruch, R. J. and Sigler, K., Growth inhibition of rat liver epithelial tumor cells does 
not involve RAS plasma membrane association, Carcinogen, 15, 787, 1994.

105. Schulz, S., Buhling, F., and Ansorge, S., Prenylated proteins and lymphocyte prolif-
eration: inhibition by d-limonene and related monoterpenes, Eur. J. Immunol., 24, 
301, 1994.

106. Hohl, R. J. and Lewis, K., RAS expression in human leukemia is modulated differently 
by lovastatin and limonene, Blood, 80, 299a(Abstr.), 1992.

107. Gould, M. N., Prevention and therapy of mammary cancer by monoterpenes, J. Cell 
Biochem., 522, 139, 1995.
© 2001 by CRC Press LLC


	Vegetables, Fruits, and Herbs in Health Promotion
	Table of Contents
	Section I: Vegetables and Health
	Chapter 1: Effect of Dietary Phytochemicals on Cancer Development
	Abstract
	1.1 Introduction
	1.2 Carotenoids
	1.3 Chlorophyll
	1.4 Flavonoids
	1.5 Indoles
	1.6 Isothiocyanates
	1.7 Polyphenolic Compounds
	1.8 Protease Inhibitors
	1.9 Sulfides
	1.10 Terpenes
	1.11 Conclusion
	References





