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Epidemiological studies have reported a strongrss/eorrelation between the intake of cru-
ciferous vegetables and the cancer risk. This &sme has been found stronger than the associa-
tion between cancer risk and fruit and vegetabtakm in general. Cruciferous vegetables are
unique in that they are rich sources of glucosislaHydrolytic degradation of glucosinolates
results in the formation of biologically active cpaunds, including indoles (such as I3C - indole-
3-carbinol, DIM — diindolylmethane, indole phytogiles) and isothiocyanates (such as PEITC -
phenethyl isothiocyanate, SFN - sulforaphane). Soreehanisms, like effect on biotransforma-
tion system, induction of cell cycle arrest and @psis, and antiangiogenic effect, by which
cruciferous vegetables act as chemopreventive agene been described. Beneficial modulation
of oestrogen metabolism with reduced risk of breast cervical cancer after DIM and 13C sup-
plementation was note@espite all health benefit expectation, some stutband that I3C actu-
ally promoted or enhanced the development of camtem administered chronically after the
carcinogen (post initiation) to rats. Because thegiterm effects of the supplementation of the
mentioned compounds on cancer risk in humans dar&mawn, the widespread use of dietary
supplements containing natural compounds in hurshosld be avoided until the potential risks
versus benefits are better understood.
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INTRODUCTION

Cancer is one of the most common conventional caaéeleath in the developed
countries. There are many studies reporting a texuén cancer risk with increased
intake of fruits and vegetables. The primary canqwetective benefit of such a dietary
change may not be associated with decreased fatr@ased fibre intakes as much as it
is with increased intake of non-nutritive dietargngonents. Many studies report
a strong inverse relationship between the intakawiiferous vegetables and the risk of
cancer. This association has been found stronger tte association between cancer
risk and fruit and vegetable intake in general.dépiiological studies have demon-
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strated inverse association between crucifer ingaidéthe incidence of lung, pancreas,
bladder, prostate, thyroid, skin, stomach and calamcer[1]. Cruciferous oBrassica
vegetables come from plants in the family knowrbdtanists as Cruciferae or alterna-
tively, Brassicacea§?] containing about 340 genera and 3,700 specieqafeus
economic importance. They are good sources of iatyasf nutrients and phytochemi-
cals that may work synergistically to help preveahcer[3]. Plants in the Cruciferae
family have flowers with four equal-sized petalstire shape of a ‘crucifer’ (cross).
Brassicais the Latin term for cabbage. Many commonly comsd cruciferous vegeta-
bles come from thBrassicagenus, including broccoli, Brussels sprouts, cgbbaauli-
flower, collard greens, kale, kohlrabi, mustardabaga, turnips, bok choy and Chinese
cabbagd4]. Like other vegetables, cruciferous vegetablesasora number of nutrients
and phytochemicals with cancer chemopreventive git@s. However, cruciferous
vegetables are unique in that they are rich sowtetucosinolates, sulphur-containing
compounds that are responsible for their pungemhas and spicy tasfé].

GLUCOSINOLATES AND THEIR HYDROLYSIS PRODUCTS

Cruciferous vegetables are rich in glucosinola@S)(and contain different profiles
of these compounds. The GS themselves are notgigalty active. Myrosinase is the
glucosidase enzyme found in the cells of crucifsreegetables responsible for hy-
drolysis of GS when raw vegetables are choppechewed. This hydrolytic degrada-
tion results in the formation of biologically aativompounds like indoles (I13C, indole
phytoalexins) and ITCs (PEITC, SFf2,5,9. 13C found in a variety of cruciferous
vegetables may be converted to a number of derasin the acid environment of the
stomacH7,8] including a dimer, DIM and the closed ring dimedadlocarbazole (ICZ -
indolo[3,2-b]carbazole), trimers including the lameand the cyclic trimers and ascor-
bigen, the condensation product of I3C and ascatiid.

GS are water-soluble compounds that may be reléasedooking water. Despite a
loss of naturally available myrosinase during cagkiglucosinolates are hydrolysed by
native gut bacteria but much less efficiently.

EFFECTS ON BIOTRANSFORMATION SYSTEM

A mechanism by which dietary ingredients could bbeeanefit is that they modulate
biotransformation in such a manner that carcinodet®me less active and thus exert
less harm in the target cancer cells.

ITCs in cruciferous vegetables are catalysed by fthe major human GSTs:
GSTAl-1, GSTP1-1, GSTM1-1 and GSTM2-2. There isdasing evidence that ge-
netic differences in humans may influence the ¢ffécruciferous vegetable intake on
cancer risk. Homozygous individuals with null vait;s GSTM1 and GSTT1 gene
caused by large deletions produce GSTs with lowtvity leading to slower elimina-
tion and longer exposure to ITCs resulting in thégher protective effedtl3).
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ITCs affect biotransformation enzyme activity byeel mechanisms. They induce
expression of phase | and phase Il enzy@esnsumption of I3C resulting in formation
of acid condensation products DIM and ICZ can iaseethe activity of certain phase |
(CYP 1A, CYP 1B) and phase Il enzymes (GST, NADRlingne oxidoreductase,
UDP glucuronyl transferases (UGTs) and glutamasgtedye ligase), which play impor-
tant roles in protecting cells from DNA damage larainogens and reactive oxygen
species [14].

There are human studies that examined the diréettefof cruciferous vegetable
supplementation on metabolism of carcinogfi&15]. Smokers who consumed 170
g/d (6 oz/d) of watercress had increased activitpyGT leading to significantlyin-
creasedirinary excretion of glucuronidated nicotine metébs. Metabolism of cooked
meat derived heterocyclic aromatic amines was as@d by broccoli and brussels
sprouts implicating the induction of both CYP1A2daphase Il enzymes involved in
heterocyclic amine metabolism [16].

Some procarcinogens require biotransformation tgspH enzymes to become ac-
tive carcinogens [18]. Marked 13C-induced increas€YP1A2 activity, a key enzyme
in the carcinogen metabolism, especially aromatiinas, was noted [20]. However,
some studies found that 13C actually promoted t¢raened the development of cancer
when administered chronically after the carcinof@ost initiation). The ability of 13C
to promote or enhance cancer of liver [21, 22] aidy23], colon and uterus [24] was
noted in experiments with rats. Yoshida et al. [23jgest that induction of the CYP 1
family in the liver might play a crucial role in@mnoting the effects of dietary 13C on
cancer development.

EFFECTS ON OESTROGEN METABOLISM AND OESTROGEN ACTIVITY

Beneficial modulation of oestrogen metabolism dates with reduced risk of
breast and other cancers including cervical andtateones[24,25,26,27]. 13C and
DIM are considered to be especially valuable ingrting against hormone-dependent
cancers such as certain breast, cervical and peostacers, due to their ability to fa-
vourably influence the human body’s balance of roggtns [28]. The enzymes 2- and
16-a-oestrogen hydroxylase help metabolize oestrog@ns. pathway results in estra-
diol conversion to a less potent form of oestrog&hydroxyestrone (2-OHE1) while
the other pathway increases production of the noxe oestrogen metabolite k6-
hydroxyestrone (16-OHE1) [25,29].13C and DIM are effective in shifting the metabo-
lism of estradiol to a more beneficial pathway theducing levels of toxic X6OHE1
and increasing levels of protective 2-OHE1 [27,2083]. In controlled clinical trials,
oral supplementation with 13C or DIM (300-400 mg/d&as consistently increased
urinary 2-OHEZ1 levels in women [B2I3C (200—-400 mg/day) given to women with
cervical intraepithelial neoplasia (CIN — a risktfar for uterine cervix cancer) showed
complete regression of CIN in 40% of the womenrafte weeks, but no women in the
placebo group showed regression. A dose-dependergase in 2-OHE1 levels was
recorded. These results suggest that intake ofat®Ccrucifers rich in I3C may protect
against hormone-dependent can¢86].
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INDUCTION OF CELL CYCLE ARREST AND APOPTOSIS

One hallmark of cancer is hyperproliferation dueldss of cell cycle regulatory
mechanisms. The key regulators of cell cycle pregjom are the cyclin-dependent
kinases (CDKs), cyclins and CDK inhibitors. SFN+ieed cell cycle arrest correlated
with an increased expression of cyclins A and Bihglwith no detection of antiapop-
totic Bcl-2 and increased expression of the protgi@p protein Bax, the release of
cytochromec and the proteolytic cleavage of poly(ADP-ribose)ymerase were ob-
served in HT29 human colon cancer cells. Misievatal. showed that SFN changes
cell growth and induces apoptosis in various delkd. Effective inhibition of PC-3
human prostate cancer cells proliferation causeddspase-8- and caspase-9-mediated
apoptosis was noted after treatment with §85]. Conaway [36] described the ability
of PEITC, SFN and theiN-acetylcysteine conjugates to inhibit the prog@s$o ade-
nocarcinomas after already developed lung adenomtes growth of PC-3 xenografts
in nude mice was significantly inhibited after oealministration of SFN. Inhibition of
PC3 xenograft growth was observed at a dose of 8Ridh can be generated through
dietary intake of cruciferous vegetables. In additto apoptosis induction, ITCs also
showed cell cycle arrest at the, & or G/M phases [37, 38, 39]n vitro experiments
with SFN indicate a pronounced role for cell cyatesst in its anti-cancer properties.

Treatment of MCF-7 breast cancer cells with I3Cck#oG to S phase progression
was associated with a conversion of the active CR&2plex to an inactive complex
[40]. Moreover, in this cell line, 13C did not affeexpression of p21 or p27 CDK in-
hibitors [41,42]. The Gcell cycle arrest in prostate cancer cells caused3C also
noted. However, the specific targets of I3C exhilnith similar and overlapping effects
in LNCaP and PC3 prostate cancer cells compardd@&-7 breast cancer cells. In
androgen-responsive LNCaP prostate cancer cedntient with 1I3C decreased expres-
sion of CDK6, CDK2-dependent enzymatic activitydanduced the CDK inhibitors
pl6, p21 and p27 [38].

Another naturally occurring indole-based group finciferous vegetables are indole
phytoalexins. Cytotoxic effects against variousastimour and leukemia cell lines
vitro were reported for brassinin, spirobrassinin, caxial 1-methoxyspirobrassinol, 1-
methoxybrassinin and 1-methoxyspirobrassinin [48bme synthetic spirobrassinol
analogues derived from 1-methoxyspirobrassinol destnated higher cytotoxic effect
than the traditional alkylating agent melphalaa induction of apoptosis accompanied
with significantly higher caspase-3 and -7 actdsti DNA-alkylating effect and glu-
tathione-depleting effects that may sensitise cane#s to alkylating agents of men-
tioned synthetic compounds was observed as we]l Biducture and antiproliferative
activity relationship study of camalexin showed tthhe binding of benzene on
camalexine structure significantly enhanced it®tptic effect [45]. Promising antipro-
liferative activity for amino analogues of 1-metlygbrassinin and 1-Boc-brassinin was
noted [46]. 1-methoxybrassinin exerted the mosepiotytotoxicity among tested in-
dole phytoalexins. Induction of apoptosis was dbscr by significant increase in the
fraction of cells with a sub-¢85; DNA content [47]. There is only limited knowledge
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about possible antiproliferative effect of thesenpounds and molecular mechanisms of
their antiproliferative effect are not known yet.

INHIBITION OF ANGIOGENESIS

Angiogenesis is essential for tumour growth andastesis, which are two major
factors that hinder cancer therapy. Endothelidsgalay a central role in the tube for-
mation of such neovessels. I3C and DIM significamthibited tube formation, but only
DIM induced significant increase in apoptosis ihdtforming HUVEC (human umbili-
cal vein endothelial cells). HUVEC treatment withMDalso resulted in activation of
the caspase pathway and inactivation of Akt, wipielys a key role in cell proliferation,
apoptosis, transcription and cell migration [48Cland DIM at the molecular level
markedly inactivated extracellular signal regulatédase 1/2 (ERK 1/2). DIM also
reduces the level of hypoxia-inducible factor (HIE) in hypoxic tumour cell lines, as
well as HIF-1 transcriptional activity and inhikdté¢he expression of HIF-1-responsive
endogenous genes, resulting in reduced expres$ikayohypoxia responsive factors,
vascular endothelial growth factor (VEGF), furimodase-1, glucose transporter-1 and
phosphofructokinase. According to this finding vanassume that DIM can decrease
the accumulation and activity of the key angiogenesgulatory factor HIF-d in hy-
poxic tumour cells [49].

Xiao and Singh [50] observed significant inhibitiohthe capillary-like tube forma-
tion by HUVEC and HUVEC migration after PEITC tres#ntin vitro andex vivoat
pharmacologically achievable concentrations. ThéTBBreatment caused a decrease
in survival of HUVEC in a concentration and timgsdadent manner. The PEITC inhi-
bition effect of angiogenesia vitro was associated with suppression of VEGF secre-
tion, down-regulation of VEGR receptor 2 proteindks and inactivation of prosurvival
Akt.

SFN antiangiogenic effect is due to inhibition @igaogenesis-activating transcrip-
tion factors such as HIFeland c-Myc, inhibition of basal membrane integfity re-
duced production of metalo-proteinase-2 and rednatf endothelium cell proliferation
[51, 52]. Davis et al. [53] described inhibition afigiogenesis by SNF through regula-
tion of FOXO transcription factor (Forkhead box h@t’ proteins play important roles
in regulating the expression of genes involveddt growth, proliferation, differentia-
tion and longevity) in HUVEC. In the presence of\5khduced FOXO transcriptional
activity was noted and followed by inhibition inliceigration and capillary tube forma-
tion.

CONCLUSIONS

Epidemiological studies have shown that crucifexevigle an even greater protec-
tion against cancer than a diet high in a geneiature of fruits and vegetables. It is
becoming clear that glucosinolate breakdown praduan influence the initiation and
progression of carcinogenesis. Numerous animal egridemiological studies support
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the activity and scientists keep identifying resgible molecular mechanisms from the
anticarcinogenic actiorin vivo many ITCs and their metabolites have been found to
inhibit the development of chemically induced cascef the lung, liver, oesophagus,
stomach, small intestine, colon and breast in &iaof animal models [54, 55]. When
I3C is administered before or at the same timehascarcinogen, oral I3C has been
found to inhibit the development of cancer in aietyrof animal models and tissues,
including breast, stomach, colon, lung and livenceas. However, some animal studies
reported contradictory results on animal studiefterAl3C treatment promoted or en-
hanced development of liver, thyroid, colon andugecancer was noted in experiments
with rats. Because the long-term effects of thepfmpentation of the mentioned com-
pounds on cancer risk in humans are not knownywbespread use of dietary supple-
ments containing natural compounds in humans shbealdvoided until the potential
risks versus benefits are better understood.
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KAPUSTOVITA ZELENINA V PREVENCII NADOROVYCH OCHOREN |
Pilatova, M. - Chripkovéa, M. — Mojzis, J.

Ustav farmakolégie, Lekarska fakulta, UPJS, KoSice

Epidemiologické Studie zaznamenali vyraznu inverzortelaciu medzi prijmom kapustovitej
zeleniny a rizikom vzniku rakoviny. Tato spojitosa ukazala hysilnejSou ako spojit@smedzi
rizikom vzniku rakoviny a prijmom ovocia a zeleningseobecne. Kapustovitd zelenina je
jedingnym a bohatym zdrojom glukozinolatov. Glukozinol&gme o sebe nemaju biologicku
aktivitu, ale ich hydrolytické produkty maju prodidorové a zdraviu prospeSné vlastnosti.
Vysledkom hydrolytickej degradéacie glukozinolatevtyorba biologicky aktivnych latok, ako su
indoly (napr.: 13C — indol — 3 karbinol, DIM - dulwlylmetan, indolové fytoalexiny)
a izotiokyanaty (napr.: PEITC - fenetyl isotiokygrgulforafan (SFN). Bolo popisanych nigko
mechanizmov chemopreventivneho pdsobenia kapusgoviteleniny ako vplyv na
biotransformany systém, indukcia blokady bunkového cyklu a apppt antiangiogénnydnok.
Bola popisana priazniva modulacia metabolizmu eétrog po podavani DIM a I3C. Napriek
vSetkym zdraviu prospeSnymiakavaniam niekiko Stadii zaznamenalo, Ze 13C inicioval a
podporoval rozvoj nadorovych ochoreni, ak bol dittoml podavany potkanom po aplikacii
karcinogénu (postiniciame). Pretoze vplyv dlhodobého pouZivania spominat§tok na riziko
vzniku nadorovych ochoreni nie je znamy, mali byessa vyhybé rozsiahlemu uZivaniu
potravinovych doplnkov obsahujucich prirodné latkgz kym nebudd lepSie pochopené
potencialne rizika aj benefity.
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