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Introduction

Introduction

According to the World Health Organization statisticancer is one of
the leading causes of death in the human populataitdwide for more than 50
years. Moreover, colorectal and gastrointestirgadttcancers are one of the main
types of cancer leading to overall cancer mortaltyevention consisting in a
healthy lifestyle and a natural diet is suggesteldet one of the main approaches
to reduce cancer risk. In recent years, the consammnd use of dietary
supplements containing concentrated chemopreventpaytochemicals
increased dramatically. Flavonoids, as the mostulaoprepresentatives of
chemopreventive compounds, present in foods (frusgetables, herbs,
beverages) and dietary supplements have the patémtmodulate the activity
of xenobiotic-metabolizing enzymes [Hodek et a)02)].

Among proteins interacting with flavonoids, cytoohmre P450s (CYPs),
monooxygenases metabolizing xenobiotics (e.g. drogecinogens), play the
most prominent role. The two members of CYP1A soiifg CYP1Al and
CYP1A2, are involved in the activation of procaaomens, such as polycyclic
aromatic hydrocarbons, aromatic amines and heteliocgmines [Eaton et al.,
1995; Rendic and Di Carlo, 1997]. Higher CYP1Al regsion and activity
seem to be associated with the risk of lung andreotal cancer. Moreover,
CYP1AZ2 is responsible for metabolizing many freqlyensed drugs, such as
phenacetin, caffeine, imipramine, and it also &atég procarcinogens.
The enzymes of the CYP1A subfamily can be induced dromatic
hydrocarbons. The activation involves a specifeeptor called the Ah receptor.
After the binding of an inducing agent to the r¢oepa heterodimer with the
activated Ah-receptor nuclear transporter is formedhich then binds to
a xenobiotic response element and functions asa@asdriptional enhancer
to stimulate the gene transcription [Ortiz de Mabiaino, 2005].

Polycyclic aromatic hydrocarbons (PAHs) and hetgthc amines
(HCAs) are groups of potential carcinogens actvatg CYP1A subfamily.
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PAHs are formed during the incomplete combustiorpyolysis of organic
matter and during various industrial processes. &hsrare exposed to PAHs by
various means; the primary routes of exposuretaenhalation of polluted air,
wood smoke, and tobacco smoke, as well as thetinged contaminated water
and foods normally containing microgram quantité®AHs.

Dietary exposure to heterocyclic amines is consddp be a potential
human cancer risk. These compounds are producewlgdilne cooking of red
meat, poultry, and fish under normal household tmm$ [Sinha et al., 2000].
They are formed in relatively high concentrationg the condensation of
creatinine with  amino acids. The role of 2-aminaéthyl-6-
phenylimidazo[4,5-b]pyridine (PhIP) and other HCAs human cancer
causation is of interest, in particular for cancess colon and breast
[Snyderwine, 1994; Nagao et al., 1994]. Howeves,iolecular principle of the
carcinogen activation in organisms has not beemegnelucidated yet, mainly

in the context of interactions of carcinogens dweotxenobiotics in organisms.
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The aim of our study is to expand the current keolge of
chemopreventive compounds and their role in thegs® of carcinogenesis.
The rising consumption of dietary supplements dairtg these compounds
(e.g. flavonoids) evokes concerns regarding theirmiuted consumption, as
their side effects are not sufficiently known. Qesearch is directed at their
effects not as inhibitors of the carcinogen acingaenzymes, but as inducers,
whose effects, for example the induction persigtadae to repetitive or single
dose p.o. administration or sequential exposure of the asyan
to chemopreventive compounds and carcinogens,ang lomitted. In order to
address these effects of chemopreventive compoandsytochrome P450s,

several specific objectives had to be accomplished.

» To establish and optimize the immunodetection oPCX in microsomal
samples (liver, small intestine) using a chickeni-eat CYP1Al and
CYP1A2, as well as the assay of CYP1Al and CYPl#&Hic activities

with marker substrates.

» To screen various groups of chemopreventive comg®tor their ability
to induce CYP1Al1 and CYP1A2 in rat liver and smaféstine, the two
main organs responsible for xenobiotic metabolisnd aarcinogen

activation, aftep.o.administration of chemopreventive compounds.

« To examine the relevant effects on the expressioYPs and their
specific activities in different time and dose rmagns of the

chemopreventive compound treatment.

» To carry out a sequential study, which comprisesattiministration of an
inducing or non-inducing carcinogen, preceded lgy administration of
a chemopreventive compound, and to determine theA-BdiNlucts

formation using“P-postlabelling.
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To investigate the induction effects of chemoprévencompounds on
CYP1A properly, the research was conducted in s¢wtages. At first, a wide
variety of chemopreventive compounds was testedghacurcumins, stilbenes,
organosulphur compounds, and flavonoids. The |levefsotein expression and
activity of CYP1Al1 and CYP1A2 was determined to laage the ability of
chemopreventive compoundsp. administered to rats, to induce CYP1A in rat
small intestine and liver. These two organs are rifaen sites of xenobiotic
metabolism. The induction effects on CYP1Al and CXP were examined in
different time and dose regimens by optimized Whestdotting analysis with
primary chicken antibodies, treated to eliminateeirthbinding to keratin
contamination, and specific activity measuremeisiagi7-ethoxyresorufin and
7-methoxyresorufin as specific substrates for CYPlAand CYP1A2,
respectively.

A well-known inducer of CYP1A subfamily-naphthoflavone (BNF),
was used as a reference compound in the whole.dtudhpth tissues, liver and
small intestine,-naphthoflavone proved its strong inducing capacitiius,

B-naphthoflavone served as a positive control thihoudjthe study.

Regimen |

The induction effects of a wide variety of chemmamive compounds on
CYP1Al and CYP1A2 after 5 day treatment were exathiPAs shown in
Figure 1, in both tissues, the most efficient non-flavonwiducer of CYP1A1
was diallyl sulphide, which also induced CYP1AZiver (Fig. 1B). Generally,
in small intestine, the most effective flavonoidlurcers of EROD and MROD
activities and the CYP protein level were aglycoffesaphthoflavone, flavone,

flavanone, morin).
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Figure 1 Effects of non-flavonoid treatment in small intest(A) and liver (B). EROD and
MROD activities of CYP1Al and CYP1A2, respectivelyere determined in rat microsomes
from liver and the proximal part of small intestiredter exposure to non-flavonoid
chemopreventive compounds (60 mg/kg body weight) Sodays. Immunodetection of
CYP1A1/2 in liver and the proximal part of rat simatestine.

Moreover, small intestine, as an organ highly egda® xenobiotics, was
dissected into two or three parts. As showrFigure 2, the higher CYP1Al
level and activity in the proximal part of smaltestine compared to the distal
part was observed after thgnaphthoflavone, morin, and rutin treatment.
However, the quercetin and isoquercitrin adminigira caused the highest

increase in the middle part of small intestine gdait shown).
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Figure 2 Effects of chemopreventive compound treatment galemall intestine. EROD
activity of CYP1Al1 was determined in the proxim&l) (and distal (D) part of rat small
intestine after exposure to chemopreventive compgey60 mg/kg body weight) for 5 days.
Immunodetection of CYP1A1 in the proximal and digiart of rat small intestine.

Regimen Il

A further point of view included a single dose adistiration to determine
the induction capability of chemopreventive compaginin a low dose.
The persistence of the elevated CYP levels was ialgestigated. Therefore,
the relevant effects on CYP expression and bothcifspeactivities were
evaluated 24, 48 and 72h after the treatment, alantestine and liver of rats
p.o.administered with the selected compouri€ig.(3 andFig. 4).
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Figure 3 Effects of flavonoid treatment in small intestine different times after the

treatment. EROD activity of CYP1Al was determinedhe proximal (P), middle (M) and

distal (D) part of rat small intestine after a $endose treatment with flavonoids (60 mg/kg
body weight) 24, 48 and 72 hours after the treatmemmunodetection of CYP1Al in the

proximal, middle and distal part of rat small iribes.
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Figure 4 Effects of flavonoid treatment in liver in differetimes after the treatment. EROD
and MROD activity of CYP1A1 and CYP1AZ2, respectiyelere determined in rat liver after
a single dose treatment with flavonoids (60 mg/kgyoweight) 24, 48 and 72 hours after
the treatment. Immunodetection of CYP1A1/2 in nadil.

The results obtained with intestinal parts suggesimportant role of the
compound structure and its metabolism in the poassbioavailability to

humans.

Regimen Il

In subsequent experiments, the indugendphthoflavone) and common
carcinogens (benzo[a]pyrene or PhIP) were admmeidtéen successive steps.
Based on the results wifinaphthoflavone in the experiments mentioned above,
a delay of 72h was chosen, between individual astnations. The time delay
was chosen in such a way so as to prevent any fadterhibition of activating
enzymes, evoked by the presence of chemoprevemiwvepounds, while

the induction effects would still persist.
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Figure 5 shows that in small intestine, the administratiolm o
B-naphthoflavone increased EROD activity and aleoGNP1A1 level in all the
intestinal parts at a low dose of PhIP (PhIP1, 5fkg). Contrary to that,
the high dose of PhIP (PhIP2, 150 mg/kg) causensa 6f EROD activity in
B-naphthoflavone pretreated rats, though the proleuels did not change
markedly. Similarly to the administration of botBNF and PhIP2, the
combination of B-naphthoflavone with benzo[a]pyrene did not adéitv
increase the protein level and activity of CYP1A@mpared to the sole

compound administration.
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Figure 5 EROD activity of CYP1Al in small intestine. Micrases were isolated from
the proximal, middle and distal part of rat smatkestine after exposure penaphthoflavone
and/or carcinogens. Immunodetection of CYP1Al m phoximal, middle and distal part of
rat small intestine.
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In liver (Fig. 6), the combination of-naphthoflavone and benzo[a]pyrene
administration led to a strong increase of EROD &iRIOD activity compared
to separately administered compounds, namely foPTA2. This indicates
potential synergistic effects of these two compaundowever, no marked
effect of the B-naphthoflavone treatment in combination with PhiRs

observed, as was the case in small intestine.
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Figure 6 EROD and MROD activity of CYP1Al and CYP1A2, redpedy, in liver.
Microsomes were isolated from rat liver after expes to B-naphthoflavone and/or
carcinogens. Immunodetection of CYP1A1 and CYPIAR/er microsomes.

Carcinogen-DNA adduct formation is generally bediéwto represent an
Important genotoxic step in the initiation of camyenesis. Therefore, the level
of carcinogen-DNA adducts is another marker fok @ssessment of cancer
development. Carcinogens, benzo[a]pyrene and PhiRlergo enzymatic

biotransformationin vivo leading to both activation and/or detoxification of
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the carcinogen. The level of BaP-DNA adducts wasaluated by
3p_postlabelling in the proximal and distal partssofiall intestine Tab. 1).
Thep-naphthoflavone pretreatment markedly increased #maount of
BaP-DNA adduct 1 (adduct derived from 9-hydroxy-BaPthe proximal part
of small intestine. The higher CYP expression ia groximal part of small
intestine than in the distal part is in accordawdé our findings that the total
content of BaP-DNA adducts in the proximal parhéarly twice as high as in
the distal part.

Table 1 Benzo[a]pyrene-DNA adduct levels in small intestine

RAL/10° nucleotides
DNA sample
Spot 1 Spot 2 Spot 3 Total
Parts of small intestine

BaP proximal 3.85 2.82 4.39 11.06
BNF+BaP proximal 5.15 2.97 3.96 12.08
BaP distal 4.40 1.56 1.64 7.60
BNF+BaP distal 4.02 1.85 2.46 8.33

B-Naphthoflavone and/or benzo[a]pyrene were adn@rest to rats and DNA adducts were
determined in the proximal and distal part of snrakstine. RAL, “relative adduct labelling”

Spot 1 — adduct derived from 9-hydroxy-BaP
Spot 2 - the major dGp adduct (dG-RPDE)

Spot 3 — unknown adduct

The results obtained by“P-postlabelling correlate well with the
immunodetection and determined specific activitiewhere the BNF
pretreatment did not increase these measuremenkedhain comparison to the
sole BaP administration. Benzo[a]pyrene is knownb# strong inducer of
CYP1A subfamily, and thus it is possible that theexrmal level of induction has

already been exceeded.

10
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PhIP-DNA adducts will be determined shortly by mbe developed
online column-switching liquid chromatography tamdemass spectrometry
technique [Singh et al., 2010].

This work was supported by the Czech Science FdiondgdGrant No.
305/09/H008), the Ministry of Education, Youth aBgorts of the Czech
Republic (Grant No. MSM 0021620808) and the Gragemky of Charles
University (Grant No. 4909).
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