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“Functional foods;” "nutraceuticals,” "designer foods” and
"medicinal foods” ure terms that describe foods, and key
ingredients isolated from foods, that have non-nutritive or
tertiary functional properties. Researchers, healtheare
practitioners, laypersons, and the popular medic use these
words interchangeably. The purpose of this erticle is to present
valid scientific information available on the physiologic actions
of known constituenis and combinations of constituents, as they
naturally occur in “functional foods,” highlighting their
medicinal and nutritive mechanisms of action in the body.

Chemoprevention and the Crucifers

The scientific community continues to recognize and
validate the considerable relationship between vegetable
intake and cancer."? Over 200 epidemiclogical studies show,
with great consistency, that a low consumption of vegetahles
is directly associated with an increased rigk of cancer (Table
1). Bpidemiological studies alse support the belief that dietary
modification, through an increase in vegeiable intake, could
reduce the risk of cancer by 50% internationally. Specifically,
researchers regard cruciferous vegetables, and particularly
those that are members of the Brassica plant family, as eritieal
elements in the risk reduction associated with vegetable intake
and cancer,*® Further, in people under 55 years of age,
cruciferous vegetable intale is inversely correlated with colon
cancer incidence and comparatively among smokers the
chemoprotective benefits of Brassica consumption are even
greater.™? Van Poppel el al."! examined 6 cohort studies and
74 case control studies that supported an inverse correlation
between Brassica consumption and cancer risk. The
association was found to be most consistent for lung, stomach,
colon, and rectal eancers, and least consistent for prostatic,
endometrial, and ovarian cancers. In studies examining total
vegetable consumption an inverse association with cancer risk
is alsg found, with the Brassicas showing the sirongest effects
as a subgroup.!? Brassicas also are low in fat, low in calories,
and are potent sources of vitamins, minerals, fiber, and
phytochemicals, all of which have been linked to cencer

prevention 10

Table 1 — Review of epidemiological studies
demonstrating the relationshiyp between vegetable
consumption and cancer protection.!®

Cancer Site Relative percentage Relative Median
of studies demon- Risk
strating cancer Low vs. high
protection with consumption of
_high vegetable intake vegetables
Hormone-related
Breast 57% 13
Ovary/endometrium 76% 1.8
Prostate 100% 1.3
Epithelial
Oral 100% _ 2.0
Iung 96% 22
Larynx 100% 2.3
Esophegus 93% 2.0
Stomach 89% 2.6
Pancreas 82% 2.8
Cervix 88% 2.0
Bladder 60% 2.1
Colorectal B7% 1.9
Migcellaneous 76% —
Total 75%

A diseusgion of the biochemical and physiclogic implications
af increasing one’s intalce of cruciferous vegetables will follow.
The term “chemoprevention,” for the purpose of this research
article, refers to the strategic approach of decreasing one's
sugsceptibility to carcinogenic factors through the
administration of dietary chemicals, as introduced to the body
within the matrix from which they originated (i.e., ingesting
the whole vegetable vs. an isolated fraction). The rationale
behind emphasizing the use of whole vegetables ns
opposed to an isolated fraction (considered a
chemoprotective agent) is that the degree to which the
protective effect of vegetables cun be attributed to the
nutritional or tertiary components, and to what extent
indirect effects such as an equivalent reduction in fat
consumption and associated increase in vitamin, fiber
and carotenoid intake may be responsible for the
protective effect, is not well defined, Nonetheless, the
dietary approach of increasing one’s intake of
cruciferous vegetables to defend oneself from cancer-
causing agenis has become widely recognized in the
medical research community as a realistic and rational
practice in the war against cancent
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Phase II Enzyme Inducers

Exposure to cruciferous vegetables (e.g., kale, Brussels
gprouts, Chinese cabbage, bok choy, cabbage, turnips,
collards, kohlrabi, rutabaga, cauliflower and broccoli)
causes a coordinated metaholic induction of many of the
Phage II liver detoxification enzymes that detoxify
garcinogenic(cancer-causing) compounds from the body, thus
reducing the susceptibility of cells to these substances.
Clutathione transferases, NAD(P)H, quinone
oxidoreductase, glucuronosyliransferase, and epoxide
hydrolase are all Phase II enzymes that inactivate

carcinogens,

Mechanisms of action of Phase IT enzyme inducers

Phase II enzymes inactivate carcinogens in one of two
ways: either through the destruction of the reactive centers
of the compounds, or, more often, by conjugation with
endogenous ligands, thereby counteracting the toxic
properties associated with the carcinogen, and quickening
thair elimination from the bedy. Cruciferous vegetables
contain water-goluble secondary imetabolites referred to as
glucosinolate compounds. Interestingly, the medicinal
properties of glucosinolates are noted in the writings of
Pythagoras and Hippocrates and at least 20 different
compounds were identified by the 1980s.® All eruciferous
vegetables are believed to contain glucosinolates, but
Brussels sprouts and broceoli have some of the highest levels.

The glucosinolates found in whole foods are converted by
endogenous enzymes inte isothiocyanates when they are
chewed, erushed in the presence of water, or otherwize
injured. This conversion is a natural defense response to
predatory and other destructive influences. The tissue
damage more specifically results in the release of the
endogenous enzyme myrosinase, or thioglucosidase, which
cleaves the glucoside bond.
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Glucosinolate Isothiocyanate

This results in an unstable intermediate which
rearranges to release sulfate, isothiocyanates and other
products, The isothiocyanates are the principal inducers of
Phase II liver detoxification enzymes. Sulforaphane and
sinigrin are two isothiocyanates that protect against, and
oftentimes reduce, the severity of lung, colon, stomach, liver,
and breast cancers.’ Sulforaphane supports the enzymatic
activity that talkes place in Phase I liver detoxification and
pssista the liver in carrying out the Phase II conjugation

by alse stimulating the Phase II detoxification system. In
addition to supporting the liver detoxification system,
sinigrin stimulates apoptosis, a process that naturally causea
a damaged cell to fragment into membrane-bound particles
that are then eliminated by phagocytosis.® Organosulfir
compounds such as dithiolethiones that are found in
cruciferous vegetables mre also considered putative

.hydroxyglucobrassicin, 1-hydroxyglucobrassicin, neo-

pathways. Sinigrin complements the activity of sulforaphane .

chemopreventive agents via their effect on Phage II
detoxification enzymes.* 2

Glucosinolates commonly found in cruciferous vegetebles
The most common glucosinolate compounds found in
cruciferous vegetables, and more frequently in Brassica
vegetables, are allcylthioalkyl glucosinolates, indole
glucosinolates, and }-hydroxyalkenyl glucosinolates.
The B-hydroxyalkenyl glucosinolates such as progoitrin
give rise to oxazolidine-2-thione goitrin, which is a potent
goitrogen, inhibiting iodine incorporation and thyroxin
formation. Hence, over-consumption of Brassica vegetables
such as kale and cabbage can cause goiter in animals and in
humans.?® However, broceoli does not centain significant
quantities of these compounds, _
Indole glucosinolates, including glucobrassicin, 4-

glucobrassicin, and 4-methoxyglucobrassicin, form unstable
isothiocyanates when hydrolyzed by myrosinase. This reaction
gives rise to compounds such as 3,3"-diindolylmethane, indole-
3-acetonitrile and indole-3-earbinol. These compounds only
represent wealk inducers of Phase II detoxification enzymes,
although as documented in most in-vive studies with indole-
3-carbinol, there is a reported chemoprotective role for this
compound 2% Tt is important to note, however, that metabolic
derivativea of indole glucosinolates alse induce select
cytochrome P-450 enzymes that can result in the formation of
procarcinogens. The picture is not perfectly clear here, but
what is known is that these derivetives simultaneously
function as inducers of Phase I and Phase IT enzymes.

The alkylthioalkyl glucosinolates, such as
glucoraphanin, glucoiberin and glucoeruein, form the
isothiocyanates sulforaphane, iberin and erucin. These
compounds are significant inducers of the Phase II
detoxification enzymes, and they do not induce Phase I
detoxification enzymes, as do the indole glucosinolates.®

In summary, glucosinolates, which are not considered
biologically active components in and of themselves, are the
key compounds responsible for phase II enzyme induction
activity in cruciferous vegetables. The glucosinolates must
undergo hydrolysis to isothiocyanates in order to demonstrate
Phase I induction activity. Interestingly, the relative degree
of potency of Phase II enzyme inducers is dependent upon
multiple factors including cultivation techniques, handling and
storage practices, and methods of food preparation that are
independent of the relative concentration of glucosinolate
compounds found in the sample.” Also, with regard to
Brassicas, there appears to be no net synthesis of Phase II
inducers after sprouting and their concentration decreases as
the plant grows.? As a result, Brassica sprouts may contain
10-100 times the Phase IT induction activity of mature plants.
Indeed, extracts of braceoli sprouts have been shown to be more
efficient at inhibiting rat tumorigenesis than extracts of
mature plants.? Conversely, mature broceoli contains
significant amounts of indole compounds not found in sprouts
that induce both Phase I and IT detoxification enzymes,"
Glucosinolates are water-soluble, and hence it would be
advisable to employ cooldng techniques (such as steaming,
stir frying, and rapid boiling with minimal water) to prevent
excessive leaching of the isothiocyanate compounds.
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urine in GSTM1 individuals, However, neither urinary nor
gerum isothiocyanate measurements were taken in the
subjects, so other mechanisms cannot be ruled out. It is clear
from the body of research available that consumption of higher
levels of cruciferous vegetables is indicated for reducing the
risk of some cancers.

Crucifers and cancer

Verhoeven et al.¥ examined the results of seven cohort
studies and 87 case-control studies on the association between
Brassica vegetable consumption and cancer risk. In five of the
cohort studies, Brassice consumption correlated inversely with
the risk of certzin cancers, The specific findings are
summarized in Table 3.

Ofthe 87 case-control studies, 68 (78%) found a lower cancer
risk associated with consumption of Brassica vegetables,
although not all were significant and some applied to only one
gax, The number of case-control studies in which at least one
significant inverse relationship between Brassicas and cancer
rigk was found is shown in Table 4.

Table 4 — Case-control studies showing a significant
relationship between eancer risk and consumption of
Brassica vegetables by cancer type (positive and
negative correlations).”

Number of studies
showing a slgnificant
positive assoclation

Cencer type | Total Number | . Number of studies
of Studies | showing a significant
inverse association

Colon 15 6§ (40%) 0
Slomach 11 5 (46%) 1(8%)
Recium 10 4 (40%}) ]
Lung 9 6 (B79%) o

Although the percentage of case-contral studies showing a
significant inverse relationship between Brassica consumption
and cancer risk is leas than half in most cages, bear in mind
that other variables known and unknown undoubtedly play a
role in the relationship. Furthermore, only one study showed
a positive correlation, suggesting that the inverse relationship
between Brassica consumption and cancer is real and not
simply an artifact of chance.

male, non-smoling humans. Ten volunteers consumed a diet
containing 300 g of cooked, non-cruciferous vegetables (endive,
French beans, peas, beets, fava beans, chicory and assorted
other legumes and vegetables) per meal during a three-week
run-in period, During the subsequent three-week intervention
period, five of the volunteers continued on this diet {control
group} while five others began consuming 300 g of cooked
Brusaels sprouts at the expense of 300 g of a glucosinolate-
free vegetable. 24-hour urine samples were collected at the
end of the run-in and intervention periods. The Brussels
sprouts caused no adverse effects as measured by several
clinico-chemieal parameters for liver, renal, thyroid, and blood-
coagulation functions. During the run-in period, there was no
difference in 8-0x0dG excretione between the sprouts and
cruciferous vegetable-free groups. Within the control group,
there was no significant change in excretion between the run-
in and the intervention period. By contrast, the 8-0x0dG
excretion decreased hy 28% in the Brussels sprouts group
during the intervention period.

Overview
These clinical results coupled with the results of earlier
trials strongly suggest that cruciferous vegetables:
» Detoxify by upregulating detoxification enzymes
s Prevent oxidative cell and DNA damage
e Are chemoprotective against numerous types of cancer
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Because DNA damage is considered
a pathogenic event in the initiation of
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as a potential indicator of cancer risk.
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awards and grants to study in the United States and abroad.
Asg a researcher, she identified and devised a method for
measuring the effectiveness of nutritional formulations
intracellularly on live cells using a chemiluminescent dye and
molecular probe, and has a patent pending on her process
(Optical Antioxidant Sensing Process™),

She is the author of numerous scientific documents that
focus on validating the use of key nutrient combinations,
primarily as they naturally occur in whole foods and herbs.
She is a member of the American Medical Writers Association,
the UCLA Alumni Scholar Association, the American
Nutraceutical Association, the American Association of
Naturopathic Physicians, and the American Holistic ¥ealth
Association.

Correspondence:

Gina L. Nick, PhD, ND

Longevity Through Prevention, Inc.
P.O. Box 627

Brooldield, Wisconsin 53008 USA
888-299-2863

Email: drgina@ltponline.com

References

1. Block, G. et al. 1992, Fruit, vegetalles, and cancar pravention: A review of the
epidemiolopics] evidence, Mutr Camcer 18{1): 1-28,

2. NCL Nutlonal Cancer Institute, US Department of Henlth and Huinan Services, 1985,
Dict, nutrition, and rancer prevention: A guide tn food choicen. DITHS Pub Na, NIH B5-
2711, Washingten, DC: US Government Printing Office.

- 8. Bieinmetz, I{ ok nl. 1908, Vegetnbloa, fruit, and cancor praventlon: n reviaw, J. Amer

Diet. Arsce. 98: 1027-1036.

4.  Beether, C. W, W. 1984. Concer prevenlive properties of varistiea of Brassicn oleracent A
review. Am J Clin Nutr 59(68); 11665-1170S,

6. Dashwood, R. H. 1888, Indale-8-carbinal: Anticarcinogen or tumar promoter in brasslcn
vegetablea? Chem Biol Internct 11{1-2); 1-5,

6. De Htefani et al. 2000, Vegetables, fruits, related dietary antioxidants, ond risk of
squamous cell carcinoma ef the esophogus; o cnee-control study in Uraguny. Nutr Cancer:
48{1):28-9,

7.  Prochaska, H,J. et pl. 1892, Rapid detection of inducers of enzymes that protect ngnlnst

.carcinogens. Proc Netl Aced Sci USA B9(6): 2994-2904.

B. Stonck, R, et al. 1988, A compnrison of the Individun] and collectiva effects of four
gluconinolate brenkdown producta from bruesels eprouts on
inductinn of detoxification enzymes, Thricol Appl Phormarol.
148(1): 17-23,

9. Blattery, M. L. et al. 2000, Interploy between diatary indueers of
G8T and the GSTM-1 gontype In colon concer, Int J Concer B7(5):
728-733,

. Voorrips, L. E. et nl. 2000. Vegetnble ond fruit tansumption and
fung coneer risk in the Netherlnnda Cohort Study na dick nnd
enncar. Caneer Couges Control 11(2); 101-115.

1L. an Poppel, Q. ot nl, 160D, Broesicn vegetehles and coneer
prevention: Epidemivlogy und mechanisms. Adv Exp Med Biol 472;
160-168,

12, Voorrips, L. I, ot nl. 2000. Yegetable and fruft consumption and
lung cancer risk in the Netherlands Cohort Study on dist and
concer, Caneer Causes Control 11(2); 101-116,

13, Fahsy, J. W, ot nl. 1687, Broccoll sprouts: An exceptionally vich
soree of indueers of enzymes thob proteet sgninst ehamical
carcinogens, Proc Nail Acad Sci USA 94(18); 10367-10372,

14. Nestle, M. 1808, Broceoli sprouts in cancer prevention. Nutr Rev
§6(4 Pt 1): 127-130.

16. Shapiro, TA et nl. 2001, Chemoprotective gluposinolates and
isuthioeyanaton of broceeli aprouts: metabalism and excretion in
humans. Cancer Epidemiol Bigmarkers Pree, 2001 May;10(6):501-

B.

16, Block, G, ot nl, 1992, Fruit, vegotables, and cancar prevention: 4
" roviow of the opldemiolngical evidence. Nutr Cancer 18(1): 1.28,
17. Kelloff, GJ et nl. 1888, Use of in vitro assnys to pradict the elficacy

ofchemoproventive ngents in whole animals, J Cell Biochom Suppl
© 1990;20:29-63
18. Lin, H. J. st al, 1988, Glutathione tronsferoze null genokype,
hroceoli, and lower prevolence of colorectn]l sdenomos. Cancer
Epidemiol Biomarkers Prev 7(8): 647-662.

1B, Grubbs, C, J, 1996. Chemoprevention of chemically inducsd

mnammary cancinogeneals by indole-3-carbinol, Aaticaucer Res
16{2}: T08-716.

20

21,

22,

2],

24,

26,

26.

a7,

28,
28,

a0,
a1

a2

a5,
34.

6.

38.
a7,
38.

3.

}laq.

’I‘nunm A. 1996 Food and nutrition intake and rigl of eataract, Ann Epidemiol 6{1): 41-

Drlngnn it, Humprocht B, Drukarch B.Ansthole dithioletidone, a putative
neuroprotectant, increnses intracellulor ond extracellular glutnthione levels during
starvation of cultured asteoglial eells. Nownyn Schiiedebergs Arch Phermecol, 1998
Dec;358i6RG16-22,
O'Dwyer PJ, Szovka C, Breanen JM, LoubPB, Galle JM, Phormneokinatica of the
themepraventive agent oltiproz ond of its maetabolita M3 in humnan soblects niter a
stogle oral dose. Clin Coneer les. 2000 Dec;B(12%:4692.8,
Michajlovalddf, N ot al. 1969, Studies on the antithyrald activity of naturally oceurving
1-8-vinyl-2-thivoxazolidone and its urinary motabolits In rats. Acio Endocrinel 10889
SepiB2(1k:21-30
Dnghwood, B, H, 1998. Indule-3-carbinol: Anticareinogen or tumar promoter In brassica
vegetables? Chem Biol Inferoel 110(1-2): 1-5.
Binnck, R. et al. 1998, A comparison of the individunl nnd colloctiva effocts of four
glucosinolate brenkdown produets frem brusaels sprouts on induction of detoxificotion
enzymas, Thrfeol Appl Pharmacel, 148(1): 17-23,
Zhang, Y, et al. 1992, A major inilucer of anticareinogenie protective enzymen from
brocroli: JaclatHon and slucidation of struckare. Proc Natl Acad Sci U/SA 89(6): 2390-
2404,
Fuhay, J. W. et nl. 1887. Brocroli eprouts: An exceptionnlly rich souree of inducers of
enzymes that protect sgainst chemical earcinogens. Proc Nu Avaed Sei USA 94{18):
10387-10373, .
Nestle, M. 1808, Broecoli sprouts in eancer prevention, Nutr Rev 664 PL 1) 127-190.
Wade KL et el. 2001. Chemoprotectiva glucasinolates nnd isothiocyanstes of braccott
sprouta: metabolism and excration in hwmnna, Cancer Epidentiol Biomarkern Prev 2001
May;10(5)601-8
Nertle, M, 1498, Hroceofi sprouta In enncer prevention. Nutr Rev B6(4 Pt 1) 127-130,
Stanck, R. et al. 1098, A comparison of the indlvidusl and cellective effects of four
glucasinolnte brenkdown praducts from hruseels eprouts on im:hu:tiun of detoxifientlon
enzymes, Toxicol Appl Pharmacol, 140(1): 17-23,
Stnack, R. ef al. 1908. A comparisen of the Individunl and cailectivu effecta of [our
glucosinalate brenkdown products from bruseels sprouts on induction of detoxdfication
eazymes, Toxico! Appd Pharmaeol, 1491} 17-23.
Lin, H. J. et al, 1988, Giutathione transfernse null genntype, broceotl, and kowor
prevalence of colovectnl ndenomas, Cancer Epidemiol Biomarkera Prap T(R): 647-662.
Zhang, Y, et ul, 1994, Antienrcinogentc activities of sulphornplane and structurally
relnted synthetle norbornyl isothiocynnates, Proe Natl Aead Sci USA B1(B): 9147-8160.
Zhang, Y. et al. 1992, A major inducer of anticsreinogenic protective enzymes fom
broceoli: Tsolntion rnd elucidation of strocture, Proc Nall Avad Sei ISA BO(8); 2399-
2400.
Lin, H. J. et al, 1988, Glutathione transfernse null ganotyps, broeeoli, and lower
prevalence of colorectnl ndonomas, Cancer Epidentiol Biomorkers Preo T(8) 847-652,
Verhoeven, D. T. et al. 1996, Epidemiclegicel studies on brassics vegotables und cancer
viale. Cancer Epidemiol Biomarkera Prev 6(8): 793-748.
Beechar, C, W. W, 1894, Cancer preventive propertios of varfcties of Braesicn olerncen: A
raview. Am oJ Cline Nutr G3(63): 11665-11705.
Verhagan, H, et al, 108, Reduction of oxidative DNA-damags in lnimans by Brussels
sprouts, Carcinngencsin 16{41; 9689-070.

L 2

AMBGOSAVAGE
©Zo00

76

TOWNSEND LETTER for BOCTORS & PATIENTS - AUGUST/SEFTEMBER 2001




