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Souhrn

Tato disertéani prace se zabyva analyzowinki polyfenolickych latek ve vztahu
k oxidativnimu stresu a kardiovaskularnim onendoém. Prace obsahujgadu vysledk
studia @inka piirodnich biologicky aktivnich latekervenych vin a brambor, a jejich
aplikace na modelech spontanni hypertenznich agtemmich experimentalnich #af.

Metody a pistroje pouzité v experimentech nam umoznily formwat rékolik novych vyroki

0 univerzalnim charakteru vztahmezi antioxidani kapacitou a obsahem polyfenolickych
latek bez ohledu na zdroj potravin.

Strava je zdrojem mineralnich latek, které rvprispivaji k celkové antioxidai kapaci, a
proto také mohou mit vliv na endogenni antiokidaenzymaticky systém tim, Zze poskytuje
zakladni kofaktory. Experiment&rbylo zjiS€no, Ze koncentrace Roku ve virg a extraktu
¢erveného vina znamého pro jehgeléné dinky jsou srovnatelné s mineralnimi vodami
doporienymi pro Iébu a prevenci kardiovaskularnich a metabolickycenoocrini. Kromg
toho viad naSich experimefitbyly potvrzeny synergické vztahy mezi vybranymnerialy.
Kli¢cova otazka biologické dostupnosti polyfelnola podporu myslenky prosgnosti stravy
bohaté na ovoce a zeleninu v prevenci cévnich oosmb byla owiena na modelech
laboratornich zwat. Polyfenolické sloteniny byly detekovany v plazimv koncentraci
n¢kolikanasobr vysSi u pokusnych ztdt I&enych polyfenoly ve srovnani s kontrolnimi
skupinami. To vSe nam umaZje dospt k zawru, Ze tyto latky cirkuluji v krvi pokusnych
potkani a mohou zfisobit pozitivni @inky. Experimentalni vysledky potvrdily, Ze aktiit
jednoho z hlavnich antioxidaich enzynmi superoxid dismutdzy a NO syntazy,ckNého
enzymu pro udrzeni normalniho cévniho tonu, bylySeny ve skupi pokusnych zvat se

spontanni hypertenzi,dénych extraktem s vysokym obsahem polyfénol

Klicova slova: polyfenoly, aterosklerézéervené vino, brambory, NOS, SOD, obsah

polyfenoli, antioxid&ni aktivita, stopové prvky.



Summary

This Ph.D. thesis deals with the deep analysis @fphenols effects toward vascular
disorders. This work provides a number of experi@ersults of studying both the effects of
natural bioactive compounds in red wines and peftand their application to the
experiments which includes experimental animal nsaéh spontaneous hypertension.
Methods and equipment used in experimental studiEsved us to make several new
statements regarding the universal nature of tlatioaships between the antioxidant capacity
and the polyphenolic content in examined foodstuffs

Besides this it is also recognized that food is@wee of minerals which also contribute to the
total antioxidant capacity and therefore may haviuénce the endogenous antioxidant
enzyme system by providing the essential cofactexperimentally we have found that the
concentrations of magnesium known for its therapedtion in wine and red wine extract are
comparable to the mineral waters recommended fer tteatment and prevention of
cardiovascular and metabolic diseases. Moreoverrgystic interactions between selected
minerals have been found.

The key issue of bioavailability of polyphenols farpporting the idea of the beneficial effects
of diet rich in fruits and vegetables toward vaacullisease prevention was verified in
laboratory animal models. Polyphenolic compoundsrewealetected in plasma in
concentrations of several times higher in experialeanimals treated with the polyphenols
compared to control groups. This enables us tolade¢ that these compounds circulate in
the blood of experimental rats and may exert pasiéiffects toward vessels. Moreover, our
experimental findings have confirmed that actiwiiyone of the main antioxidant enzyme
superoxide dismutase and the nitric oxide synthasesnzyme crucial for the maintaining of
normal vascular tonus were increased in the grdugxperimental animals with spontaneous

hypertension treated with the polyphenols richamttr

Key words: polyphenols, atherosclerosis, red wipetato, NOS, SOD, phenolic content,

antioxidant activity, minerals.
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NOS

eNOS

SOD

CVD

SHR

WKY
NADPH
ROS

RNS

LDL

VLDL

HDL

NO

EDHF
NF-xB
L-NAME

AD

NMDA receptors
BP

BH4

MCP-1

TAC

TPC

ABTS radical
TEAC assay
FRAPassay
DPPH
HPLC

AWE

nitric oxide synthase
endothelial nitric oxide synthase
superoxide dismutase
cardiovascular disorders
spontaneously hypertensive rats
Wistar Kyoto rats
nicotinamide adenine dinucleotide phosphate
reactive oxygen spices
reactive nitrogen species
low density lipoproteins
very low density lipoproteins
high density lipoproteins
nitric oxide
endothelium-derived hyperpolarizing factor
nuclear factokB
N“-nitro-L-arginine methyl ester
Alzheimer disease
N-methyl D-aspartate receptors
blood pressure
(6R)-5,6,7,8-tetrahydro-L-biopterin
monocyte chemotactic protein 1
total antoxidant capacity

total phenolic content

2,2'-azino-bis(3-ethylbenzthiazolBwsulphonic acid)

Trolox equivalent antioxidant capacity
ferric reducing antioxidant power
radical 2,2-diphenyl-1-picrylhydrazyl
high performance liquid chromatography

Alibernet wine extract
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Introduction

Recent advances in medical care and preventionaafiavascular disorders (CVD) are
encouraging however vascular diseases remain the caase of mortality and morbidity
across the globe.

Of late, there have been intensive efforts to $sefoca new effective treatment strategies in
treatment of CVD.

Epidemiological and experimental studies suppattypothesis that diets with high contents
of plant foods are beneficial in the preventioncbfonic diseases and cancer in humans,
although the benefits for individuals may dependtir genetic profile [1-10].

An advantage of our time is that the state of nadicience and technologies allow us a new
look on the disease classification as well as thathogenesis. Nutritional genomics as well
metabolomics and functional food development arergmew tools which enable to answer
many questions and inconsistency in results rafsech the large scale epidemiological
studies.

Throughout the history of medicine there have bekorts in searching for drugs that can
effectively treat the diseases. Most of the drugsduin modern medicine are initially plant
origin. Many biologically active substances haverbsynthesized from the plant sources.
The typical example of such drugs is aspirin (dsaticylic acid). This drug has more than
100 years of successful use medicine. Initiallydgbmpound was found and isolated from the
willow bark extract.

During past decades a lot have been done in stgdginthe factors and mechanisms
promoting the development of cardiovascular diseds$ewadays, oxidative stress is
recognized as a principal factor underlying in plahogenesis of a number of diseases such
as cardiovascular and metabolic disorders. Thesishdeals with the deep analysis of
oxidative stress and it's relationships with thesardar disorders. This work provides a
number of experimental results of studying botheffects of natural bioactive compounds in
red wines and potatoes, and their application ¢éoetkperiments which includes experimental
animal models.

This thesis provides evidence about the effectplariit polyphenols, with the emphasis on
grape, red wine and potato polyphenols. This istdube fact that grapes and potatoes are the
richest and commonly consumed sources of dietdgphenols in European type of diet [11].
The subsequent sections of the theoretical chapeestructured to describe the properties,
sources and effects of polyphenols, as well asnita and minerals. Next, | followed the
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description of the current concepts regarding tbke rof the oxidative stress in the
development of vascular disorders, the functionghefendogenous antioxidant system, and
potential benefits related to the natural bioacteempounds and micronutrients.

In the experimental part the results of biochemaraalysis of wine and potatoes were
provided, including selected mineral and vitamimtent, and significant relationships were
described. Finally, the effects of red wine phetobn superoxide dismutase (SOD) activity
as well as endothelial nitric oxide synthase (N@&jvity, and blood pressure trends were
tested on the experimental animal models, such astaw Kyoto rats (WKY) and
spontaneously hypertensive rats (SHR). The relewafiormation regarding the vascular
parameters and experimental proof of efficacy ofbiive compounds, vitamins and minerals

are summarized.



2 Review of the literature.

2.1 Plant derived bioactive compounds.

General background

There is adequate evidence from observationaljtin,\ex vivo, controlled intervention and
animal model studies that consumption of certaodforesults in the reduction of oxidative
stress and cardiovascular disease incidence [12,Th8se positive effects are related to the
plant bioactive compounds (phytochemicals) andienis presented in foodstuffs. In the
literature all these mentioned compounds are aisavk as nutraceuticals.

Bioactive compounds found in plant sources are mantive plant compounds that have
protective or disease preventive properties. Thodsaf them have been identified in fruits,
vegetables, and grains. A spate of report evidenggests that the benefits of phytochemicals
in fruits and vegetables may be even greater tsapurrently understood, because the
oxidative stress induced by free radicals is ingdhin the development of a wide range of
chronic diseases.

These compounds vary widely in chemical structurel dunction and are grouped
accordingly. All bioactive compound found in plasburces can be divided into several
groups, such as: plant polyphenols, carotenoidslatls and other groups (Attachment 1.
Phytochemicals classification). The major group agh@hytochemicals is polyphenols.
Polyphenols occur naturally in a variety of formmenfi simple phenolic acids to complex
polymerized tannins. They are being intensivelydistd due to their effects toward human
health.

Beside phytochemicals essential role also playsemis such as vitamins and minerals. They
act synergistically with other bioactive compouahsl led to exert higher antioxidant effects
comparing to the single compounds [14-17].

Despite the diversity of chemical structures amptant bioactive compounds, all of them

exert multiply effects that will be further des@ih

2.1.1 Properties and major sources of polyphenolic compounds in

Western populations

Experimental studies strongly support a role of ypbknols in the prevention of

cardiovascular disease, diabetes mellitus, cammbnaurodegenerative disease [1, 18, 19].
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Moreover, there are enough evidence to supportpblgphenols are bioavailable and exert
biological functions in animals and humans [20,.24]2005, Arts and Hollman published a

review of several recent epidemiological studiespolyphenols intake and risk of coronary

disease. Seven of those studies had clearly shpretective effects attributable to flavonoids

[10]. In this study however, authors observed nectfagainst cancer risk. The Zutphen
Elderly Study, published in 2001 had earlier repdrthe reduced mortality due to chronic
diseases amongst men between 65 and 84 years afnage higher catechin intake [22].

Moreover, very recent analysis of efficacy of plamtactive compounds in human trials by
Badimon et al. [1] have found an inverse relatigpsHhetween polyphenol consumption and
CVD mortality in several large scale studies. lotfasuch beneficial effects may help to

explain the protective CVD effects achieved by fa@odl beverages containing polyphenols
[23, 24].

Among all natural antioxidants polyphenols areltrgest group, about 8000 compounds that
includes mainly flavonoids, phenolic acids, lignacsumarins, tannins, lignans, xantans and
chromons have been described [25]. Polyphenoldigiged into several classes according to
the number of phenol rings that they contain anthe structural elements that bind these

rings to one another. Details of classification amjor sources are visualized in the Fig. 1.

Polyphenols

Flavonoids Non- Flavonoids

H

%
s
I

I OH
OH

1 1. Anthocyanins (Pelargodinin)

e.g. cyanidin, pelargonidin, peonidin, delphinidin,
malvidin

Source: red, blue and purple berries, red and
purple grapes, red wine, cherry, rhubarb

A) Hydrobenzoic acids: protocatechuic acid, gallic
acid, p-hydroxybenzoic acid

Source: blackberry, raspberry, strawbemy, black
current

6B. Proanthocyanidins

B) Hydroxyci ic acids: caffeic acid, chlorogenic
i o i aemea i ceatin acid, co.umanc acid, f_el:ullc acid, sinapic acid
. o) Source: blueberry, kiwi, cherry, plum, apple, pear,
HO o Source: red cabbage, yellow onion, curly pale, Z L
‘ 2 2 peach, chicory, artichoke, potato, coffee
2. Flavonols cherry, tomato, broccoli, biueberry, apricot, apple,
(Quercetiny L, 1 " Black grape, green and black tea
oH
HO
H &
O HO . .
3.Flavones [, I e.g. apigenin, luteolin A Phenolic acids
igeni Source: parsley, celery, thyme, hot pepper OH . :
(apigenin) P Y ry, thy peppe (caffeic acid)
OH
" & e.g. hespertin, naringenin, erioclictyol 2 — s T
4. Flavanones i Source:Citrus fruits and juices e.g. grapes and G-Qi -“vIeOQISOIISI'IGII'BSIHUL = O :
Naringenin’ OH o oranges matairesinol
( genin) Source: linseed, lentils, Ha GH,OH
HO o garlic, asparagus, carrots, O
5. |,;‘,f|a,..c,,.,las ‘ e.g. daidzein, genistein, glycitein pears, prunes oo,
(Genistein) 5 O O ” Source: Soybeans, soy foods, legumes
Lia S isalariciresingl
OH
HO o, O monomeric (catechins) e.g.catechin, epicatechin, HO,
O " | epigallocatechin, epigallocatechin gallate
oH Source: green and black tea, chocolates, grapes, O \ Q .
_Hh berries, apples HO'
6A. Monomeric and Dimers and polymers: e.g. theaflavins, thearubigins
polymeric flavonols (epicatechin)| Source: black teas e.g.resveratrol
" Source: grapes, .
pomegranate, Stilbenes
groundnut
(resveratrol)

Source: chocolate, apples, berries, red grapes,
Red wine
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Fig.1 Polyphenols classification with their individual compounds and food sources. Adopted

from Singh et al. [26].

Plant polyphenols are non-nutritive, hydrophilicngmnents found in small amounts
(micrograms) in all kind of plant-derived food soes such as fruits and vegetables, drinks
(wine, coffee, juices) and cereals. In foods andelsges these compounds are associated
with sensorial attributes such as colour, bittespnastringency, which are relevant in products
such as wine, tea and grape juice [27-29].

Flavonoids is the biggest and the most widely stidilass of polyphenols. Up to date there
were more than 4000 single flavonoids identifiedgd @ome of them such as catechins and
antocyanins, which are presented in red wine ategrdzed as an important therapeutic
agents. [30].

Among the different classes of phenolics flavondqashocyanins, catechins, quercetin), and
phenolic acids (gallic, caffeic and chlorogeniadiave been intensively studied.

Apart from wine or tea, where catechins presenteflaaonoid aglicons, dietary flavonoids
are glycosides, mainly with D-glucose and in tlugri are ingested. Glycosylation increases
the polarity of flavonoid molecule, which is necassfor storage in plant cell vacuoles [31].

Antocyanins are pigments that provide color for red wines andes and generally
are found skin in grape s and other fruits and tages. These compounds at a large extent
make up the antioxidant capacities and total phemointent of fruit and vegetables. Several
studies have revealed their cardioprotactive, iafismmatory, and other antiviral and
antiplatelet aggregation activities. One of the mogortant sources of these compounds in
human diet is red wine that contains up to 350 nthacyanins/L [32].

Bioavailability of polyphenols, remains the most@&#ial question to answer in upcoming

decade. However, very recent animal study with iees has confirmed that anthocyanins
are bioavalable in rats. The concentrations of@yhnins measured in rats were high enough
to exert physiological effects ascribed for thesmpounds [33].

Another class of flavonoids areatechins These compounds are found in high
concentration in wine and tea. Catechins have b@ensively studied, and positive effects
that attribute to the diet rich in fruit and veddé&s are mainly related to these substances.
These compounds have strong anicancerogenic anthfdanhmatory activities. Studies of
bioavalability of catechins detected them in humpksma after consumption of red wine and

juices in concentrations, sufficient to exert abueationed effects [34].
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The daily intake of polyphenols could reach 1 diddt broadly varies from one region to
another and depends highly on dietary patternptilation [35]. Among the major sources
of polyphenols in Western populations are foundt$rwegetables (onion, potato), tea, red
wine and fruit juices.

The highest concentrations of anthocyanins weredaon red wines (up to 350 mg/l), red
grapes (3,0-75 mg/kg), chokeberry (20-100 mg/kiyelrerry (2,5-49,7 mg/kg) and oranges
(up to 20 mg/l) [26,36].

Catechins are found in high concentrations in eyes such as tea infusions (102-418 mg of
total catechins/L) and red wines (27-96 mg/L), atab in grape seeds (Vitis vinifera) (up to
1892 mg/kg), wine grape (red) (800-4000 mg/kg)kdarocolate (up to 610 mg/kg) and in
apples (1000-7000 mg/kg of fresh cortex) [37, 26].

Principle sources of quercetin are oninons (284-#8§'kg fresh eadible part), cherry
tomatoes (17-203 mg/kg), apples (21-72 mg/kg)jrissions (10-25 mg/l) and red wine (4-
16 mg/l) [38].

Polyphenols have attracted considerable interesh fthe scientific community due to the
multiple biological effects they exert.

Dietary intake of plant polyphenols is inverselated to the development of cardiovascular
disease due to their direct free radical scaven@ngoxidant), antiatherosclerotic, effects on
endothelial function (NO production), anti-inflamtagy, antithrombogenic, neuroprotective
(antiaging), antimicrobial, anticarcinogenic effeand their ability of improving insulin
sensitivity [35, 39-43].

These activities of polyphenols are further disedss
1. Antioxidant effects

Polyphenols have powerful antioxidant activitievino, being able to scavenge a wide range
of ROS and RNS and chlorine species, such as sugerdydroxyl and peroxyl radicals, and
hypochlorous and peroxynitrous acid. They can elsdate metal ions [44-47].

Polyphenols such as catechins or quercetin carctljirecavenge reactive oxygen species
(ROS), such as superoxid®,("), hydrogen peroxideH,O, ) [48], or hypochlorus acid
(HOCI) [49], thereby could effectively prevent dageaof lipids, proteins and DNA. The
phenolic core can act as a buffer and capturerelecfrom ROS to render them less reactive
[50]. Furthermore, polyphenols, quercetin in pafac, can chelate metals as iron involved in
free radicals formation [51, 52]. Indirectly, pohgnols can interfere with the cellular
detoxification systems, such as superoxide dismeataSOD), catalase or glutathione

peroxidases [53, 54]. Moreover, polyphenols carfbiblenzymes generating ROS as xanthine
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oxidase and nicotinamide adenine dinucleotide phatsp (NADPH) oxidase [52, 55].
Antioxidant potential of polyphenols has been rexd by Rice- Evans and Miller [56].
Antioxidant properties are related to the both soging effect (protection of LDL and VLDL
from oxidation) and capacity to suppress inflamoratiThese protect cell membranes and
DNA [57]. Details on this are provided below.

2. Antiatherosclerotic and hypolipemic effects

Another important property of the polyphenolic caupds is their ability to reduce lipid
sensitivity to oxidation. In vitro studies with thmolyphenolic compounds from red wine,
proved their protective effects against oxidizedLEiDduced cytotoxicity in endothelial cells
[58]. In animals, Vinson et al. [24] reported thpatlyphenols from red wine or grape juice
reduce the plasmatic concentration of lipids inezkpental hamsters. This is consistent with
studies in humans. Short-term ingestion of purpépg juice has been shown to reduce LDL
susceptibility to oxidation in patients with coropartery disease [59]. This is also related to
the study of Frankel et al., where an inhibitiorL®L oxidation in humans by resveratrol was
observed [60]. These results are also consistetit thie study in hypercholesterolemic
postmenopausal women with red wine complement§fibh

Study by Hertog et al [62] confirmed that the flawals in regularly consumed foods might
reduce the risk of death from coronary heart dse@aslderly men. Furthermore, a Japanese
study reported an inverse correlation between fiaub intake and total plasma cholesterol
concentrations [63].

Recent studies also related the cardiovasculaegiion by plant polyphenolic compounds to
their effects in improving lipid homeostasisnimal studies and in vitro experiments with
human cells demonstrate that polyphenols such asngrocyanidins (catechins) and
naringenin reduce plasma levels of atherogenidamumiotein B-triglyceride-rich lipoproteins

and LDL-cholesterol but increase antiatherogenid_lBolesterol [64-66].

3. Effectson endothelial function (NO production)

It is wide recognized that endothelium plays a kel in the control of vascular tone by
releasing several vasorelaxing factors, which arecroxide (NO) and endothelium-derived
hyperpolarizing factor (EDHF). Nitric oxide is pnackd by the Nitric oxide synthases (NOS).
These enzymes due to their key role in the maimgivessel relaxation have attracted
considerable interest for the experiments withpla@t bioactive compounds [67].

Recent animal and in vitro studidgve established favorable effects of polyphenolic
compounds on endothelial function [68]. In cultussdiothelial cells, wine, grape juice, grape

seed extract polyphenols increased the activitthefendothelial NO synthase and stimulate
14



NO production [69-71]. In the short term, polyphlnstimulate endothelial NO synthase
phosphorylation [72].

Long term exposure to red wine extracts or reswarégd to increase in enzyme expression
and activity [69-70]. The effects of resveratrol endothelial function may be mediated
through an effect on Sirtuin-1, which regulates éRpression of genes related to cell survival
and the stress response [73, 74]. Furthermorejatictn of Sirtuin-1 decreases the activity of
p53, a regulator of apoptosis and the cell cyatd, activates AMP-dependent protein kinase,
a regulator of cellular energy status [75].

Results of animal studies with the L-NAME and spomous hypertension demonstrate that
polyphenols from red wine extracts were able tovg@né L-NAME-induced hypertension,
cardiovascular remodeling and vascular dysfunciiarthe increase of NO-synthase activity
and prevention of oxidative stress. This allowstasypothesize, the beneficial effects of
plant polyphenols in prevention of hypertension magult from their complex influence on
the NO balance in the cardiovascular system [76].

Substantial evidence from the human studies suppmrbenefit of grape beverages on
endothelial function [77]. Stein et al. [78] obsedvhat consumption of purple grape juice for
2 or 4 week improved endothelium-dependent bracargry flow-mediated dilation in
patients with coronary artery disease [79]. Deabtiaed wine also improved brachial artery
flow-mediated dilation in healthy subjects [80]. Mover, red wine consumption prevents the
acute impairment of endothelial function that oscéwllowing cigarette smoking [81] or
consumption of a high-fat meal [82].

In addition to the effects on NO, grapes have irtgrareffects on other molecular aspects of
vascular function. For instant, flavonoid-contamimeverages increase endothelial production
of prostacyclin and suppress production of endotfiel a potent endothelium-derived
vasoconstrictor [83, 84]. In regard to regulationfibrinolysis, catechins and resveratrol
increase protein levels and activity of tissue plis®gen activator, an effect that is likely to
be cardioprotective [85]. Finally, there is incregs evidence that polyphenols affect
endothelial regulation of inflammation. Red winenstituents reduce adhesion of monocytes
to the endothelial surface and block cytokineinduexpression of endothelial adhesion
molecules [86]. Thus, polyphenols exert multipleets in endothelial cells that could reduce

cardiovascular risk.
4. Antiinflammatory effects

The importance of inflammation for all stages diesbsclerosis is increasingly recognized

and there are data suggesting that dietary polygpbdrave antiinflammatory effects.
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Evidence from animal studies confirms that polypiierare able to exert antiinflammatory
effects by inhibition of lipoxygenase, cycloxigeag€0OX-1, COX-2) and thereby modulate
metabolism of arachidonic acid [87, 88].

The molecular bases of antiinflammatory effects pofiyphenols have been linked to
inhibition of nuclear factokB (NF-B), which governs the regulation of cytokine rekeasd
response [86, 89]. Study with incubation of monesyvith catechin has found decrease of
their adhesion to endothelial cells [90]. Dietaplyphenols also inhibit activation of nuclear
factor-kB in T lymphocyte cell lines [91]. Resvert has also been shown to have
antiinflammatory effects, including inhibition ofleesion molecule expression [92].
Polyphenols inhibit the production of pro-inflammiat cytokines interleukin -1 (IL-1), and
IL-6 by human blood mononuclear cells as well askines from helper T-cells, such as IL-2
and interferon gamma (INfFby Th1 cells and IL-4, IL-5 by Th2 cells [93].

Human studies of treatment with lyophilized grapswger for 4 week also confirmed
reduction in tissue necrosis factof{42].

Therefore, antiinflammatory effects might be a cdoting mechanism for the benefits of

grape polyphenols against cardiovascular disease.
5. Antitrombogenic effects

Platelet aggregation contributes to both the dgreknt of atherosclerosis and acute platelet
thrombus formation. Activated platelets adheringvescular endothelium generate lipid
peroxides and oxygen free radicals, which inhib& endothelial formation of prostacyclin
and nitric oxide (NO).
Flavonols are particularly antithrombotic becaussytdirectly scavenge free radicals, thereby
maintaining proper concentrations of endothelialspacyclin and nitric oxide [18, 94].
It is well known that arachidonic acid, which ide&sed in inflammatory conditions, is
metabolized by platelets to form prostaglandin,ogmioxides, and thromboxane, Aeading
to platelet activation and aggregation [95]. Themamtiaggregatory effect of polyphenols is
thought to be by inhibition of thromboxang #rmation.
Animal studies of selected flavonoids, such as cpter, kaempferol, and myricetin proof
their effects as inhibitors of platelet aggregatiohese effects have been shown to depend on
NO production [96, 97].
Human studies have also demonstrated antiplatdfett® of grape-derived beverages.
Freedman et al. demonstrated that grape juice ogptson for 14 days decreased platelet
aggregation and superoxide production and incred&2dproduction in healthy volunteers
[98].
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6. Neuroprotective effects

Aging may be regarded as the major risk factoafbforms of dementi and particularly for
Alzheimer disease (AD), affecting up to 18 millipaople worldwide [99].

Oxidative stress and vascular damage are postuiateldy a key role in the development of
age related neurodegenerative changes such as tileraed Alzheimer disease. Current
drugs used in AD are acetylcholinesterase inhibigord antagonists to the NMDA receptors.
These drugs may only slightly improve cognitivedtions but have only very limited impact
on the clinical course of the disease. In the paseral years, based on in vitro and in vivo
studies in laboratory animals, and in humans plaslyphenolic compounds have been
proposed as promising therapeutic agents for AD{102].

Moreover, several recent studies proved the neateptive effects of polyphenols toward
individuals with Alzheimer disease [26, 103-105].

One of the promising compounds toward neuronalegtadin is resveratrol, polyphenol, found
in grapes and red wine. Very recent studies shaittie beneficial effects of resveratrol are
not only limited to its antioxidant and anti-inflamatory action but also include activation of
sirtuin 1 (SIRT1) and vitagenes, which can prevetd deleterious effects triggered by
oxidative stress. In fact, SIRT1 activation by msrol is gaining importance in the
development of innovative treatment strategies $tooke and other neurodegenerative
disorders [106].

The intake of red wine and other polyphenol ricbd@and beverages is reported to prevent
the development of dementia [107]. The intake a¥dhoids was reported to be inversely
related to the risk of incident dementia [108].

It is need to mention that polyphenolic rich distparticularly efficient in early stages of

disease development.
7. Antimicrobial effects

The phenolic compounds from various foodstuffs ldiggd different antimicrobial effects
such as antibacterial [109, 110], antifungal [1112] and antiviral [113,114].

Chemical structure appears to be critical for theséimicrobial activities attributed to
polyphenols. For instant, in the study of Tagurikt [115] the core structures with 3,4,5-
trihydroxyphenyl groups found in epigallocatech@épigallocatechin-3-O gallate, castalagin
and prodelphinidin showed strong antibacterialvagti This indicated that the number of
hydroxyls and the degree of polymerizzation migatdivotal for antimicrobial activity of

phenolic compounds.
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Recent study by Nikitina et al. [116] has confirmigalcteriostatic activity of polyphenols
against gram-positive and gram-negative bacteriareblver, it was found a positive
correlation between the bacteriostatic activitiéplant-derived phenolic compounds with
their antioxidant potential.

Rodriguez-Vaqueret al. [117] have showed that grape wine inhibited nbab especially
Escherichia coli growth, and the inhibition has amplified as theypblenols concentration
increased. The extracts of alcohol-free red andenhine exhibited antimicrobial activity to
some pathogens such &aphylococcus aureus, Escherichia coli andCandida albicans [118].
The results suggested that polyphenolic compoundtamed in red wines were responsible
for the antimicrobial effects. Some studies regbpkenolic compounds inhibited other food-
borne species such &lmonella typhimurium [119] andListerial monocytogenes [120].

Existing evidence open up possibility for futuresgarch in the field of possible use of

polyphenols as antimicrobial agents.

8. Anticarcinogenic effects

A growing body of evidence has shown that planyploénols have anticancer activity [121,
122].

Some polyphenolic compounds such as fisetin, apigemd luteolin are recognised to be
potent inhibitors of cell proliferation [123]. Arge clinical study has found the presence of an
inverse association between flavonoid intake ared ghbsequent incidence of lung cancer
[124]. This effect was mainly ascribed to quercetulmich provided more than 95% of the
total flavonoid intake in that particular study.

Researches in anticancer activities of plant phermidmpounds have revealed their dose-
dependent character of effects on cells and maetllegll proliferation was notablely [125].

At high concentration, they were attributed to ¢xirect toxic effects on cancer cells. [126].

9. Improvement of insulin sensitivity

There is increasing evidence that plant polyphemudependently are able to inhibit the
alpha-glucosidase and alpha-amylase, enzymes endlv the digestion of carbohydrates.
Inhibition of alpha-glucosidase is already an ategpneans of controlling post-meal glucose
levels in patients suffering from non-insulin-degent diabetes mellitus (type 2 diabetes)
[127, 128].

Different polyphenolic compounds are responsibtetltie inhibition of alpha-glucosidase and
alpha-amylase, which suggests considerable eftectdood glucose levels [57, 129]. Among

the all polyphenols, anthocyanins and resveratrel appeared to be the most effective

18



inhibitory agents against alpha-glucosidase agtiaind in inducing the antihyperglicemic
effects [130,131].

Experimental studies in animals have proved thestitala-glucosidase inhibitory activities
and the antihyperglycemic action exerted by thegdotnolic compounds in the same range
as synthetic inhibitors (acarbose and vogliboseaaly being used therapeutically to control
non-insulin-dependent diabetes mellitus [132-13#Joreover, very resent study by
Adisakwattana et al, have revealed the synergy detvwanthocyanins and acarbose [135].
This opens up new possibility of potential clinieglplication of natural phenolic compounds.
These insulin-like effects in glucose utilizatioreged by polyphenols can significantly
reduce the post-prandial increase of blood gluemsktherefore can be an important strategy
in the management of blood glucose level in typkabetic and borderline patients.

10. Estrogen-like effects

Several polyphenolic compounds are also for thermone —like effects. These compounds
belong to the phytoestrogens, and are found indyead clover and soya products.
Phytoestrogens (genistein and diadzein) have esirbige effects and/or inhibit tyrosine
kinases. Phytoestrogens bind to steroid receptoissapposed to have the direct inhibitory
effect on activity of human PBrhydroxysteroid dehydrogenase type 58HSD 5) a key
enzyme in the metabolism of estrogens and andregdimes effect contributes to the cancer
prevention [136-138].

Besides this, human trials with the dietary supgm@etation of phytoestrogens (biochanin,
genistein, diadzein) have suggested that these @amdg have potentially protective effects

toward bone density through attenuation of bons [©39].

2.1.2 Minerals

Minerals as an integral part of every foodstuffypda important role in the body homeostasis.
Growing number of clinical evidence proof relatibipsbetween the certain level of selected
mineral content and the disease progression. Merediie pathogenesis of a number of
diseases such as, cardiovascular disease, metabalicneurological disorders has been
associated with the changes in balance of cenage telements [140-142].

Fruit and vegetables, beverages as well as otloeisfoffs are the main dietary sources of
minerals, such as magnesium, zinc, potassium, coppa, calcium, phosphorus, selenium,

manganese etc.
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Mounting evidence suggest that minerals are ablecdonteract the development of
cardiovascular, metabolic and other diseases [148]. Essential micronutrients and their
protective effects will be discussed in this pdrthe thesis.

Positive effects of minerals in humans are relatetheir ability to enhance the activity of
antioxidant defense system by catalyzing antioXidarzymes. For instant, several minerals
found in foodstuffs, such as copper, zinc and maeg@a are essential for activity of
superoxide dismutase (SOD), a key antioxidant eezyjim5, 146].

Experimental studies with zinc supplementation haxeealed an augmentation of catalase,
glutathione-s-transferase (GST) and SOD activitgrazinc supplementation for 4 months
[147].

Zinc is one of the most important and ubiquitowscér elements in the body. Zinc is an
important element in preventing free radical forimat in protecting biological structures
from damage and in correcting the immune functidnalso possess antiaging effects [146,
148].

Zinc exerts antioxidant effects through catalyzsuperoxide dismutase (SOD), acting as a
NADPH oxidases inhibitor, inducing the productidmeetallothionein, an efficient scavenger
of OH radical.Several studies of antioxidant effects of zinc imans have provide evidence
that antioxidant effects of zinc supplementationymaad to downregulation of the
inflammatory cytokines through the inhibition ofluinced NF«<B activation [149, 150].

This antioxidant action of zinc is tightly relatedd it's preventive action on diabetic
complication, since oxidative stress has been demsd as the major cause of diabetic
cardiomyopathy. Recent study of Song et al. hapatpd the fact that Zn supplementation is
able to prevent heart oxidative damage [151].

Zinc also has an important role in cell-mediatedhume functions [152]. It has a pivotal role
in the interactions of other trace elements suctoaper and iron. Study by McDonald et al.
[153] has found that red wines increase absormia@inc in humans.

Zinc deficiency increases the levels of lipid pedation in mitochondrial and microsomal
membranes and the osmotic fragility of erythrocybembranes. Zinc deficiency also
produces impaired haemostasis due to defectivelptahggregation, a decrease in T cell
number and the response of T-lymphocytes to phytwens [154]. Zinc deficit produces
growth retardation, anorexia, delayed sexual matura iron-deficiency anemia, and
alterations of taste [155].

Recent studies also considered zinc deficiency assla factor for the atherosclerosis
development [140, 156-158].
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In addition to zinc, magnesium and potassium pfagdrtant role in the cardiovascular and
metabolic disease prevention as well as contribut@aintenance of bone mineral density, a
key indicator of osteoporosis development [159].

Epidemiologic studies have shown that increasinggsum intake lowers blood pressure in
the both hypertensive and normotensive people eediedium intake, reduces urinary
calcium excretion, which reduces the risk of kidstgnes formation and helps to prevent
bone demineralization [160-161].

Potassium (K) found as a most abundant metal itsfand wines is also known as a principal
intracellular cation in eukaryotes. Potassium iscal for the functions of myocardium and
carbohydrate metabolism, it protects from hypertnsnsulin resistance and decreases the
risk of developing of type 2 diabetes, it also keip maintain water and electrolyte balance
and acid-base status [160, 162].

Potassium could exert it effects in the presenceagnesium that modulate and amplify its
metabolic effects [161]. Magnesium protects frorsuiin resistance (IR) and decreases risk
for type 2. diabetes in adults. Intracellular Mgyd a key role in regulating insulin action,
insulin-mediated glucose uptake and vascular th68,[164].

Another metal, iron (Fe) is essential componenthemoglobin, myoglobin and catalase
enzymes at the same time could be pro-oxidant ¢girokenton reactions. The close
relationship between Fe and Cu in human nutrit@s leen studied for many years. The best-
characterized link is provided by caeruloplasminnaltiCu-binding protein that acts as a
serum ferrioxidase and is essential for the madiibé of Fe from storage tissues. Decreased
Cu status has been shown to reduce holo-caerufoplgsroduction and impair ferrioxidase
activity, leading, in a number of cases, to de@ddsssue Fe release and the generation of
anaemia [165].

Clinical studies also provided evidence on the mieminerals in the Alzheimer disease
development, and a new hypothesis suggests thaecajeficiency could lead to onset of
Alzheimer disease [166, 167]. It has been also rxgatally found that dyshomeostasis of
metals such as copper (Cu), iron (Fe) and zinc [@a] induce$-amyloid precipitation and
neurotoxicity. Chelating agents offer a potentiaérapeutic solution to the neurotoxicity
induced by copper and iron dyshomeostasis.

A further important element for enzymes of anti@aitidefense is selenium (Se). It takes part
in the structure of various forms of selenoprotefamong these selenoproteins are the four
forms of glutathione peroxidase (GPx1- intracelul&Px2- gastrointestinal, GPx3-
extracellular (plasma), GPx4- hydroperoxides deg@d an enzyme responsible for lipid

hydroperoxides and 4@, removal, Selenium is also incorporated at thevacsite of
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selenoproteins P and W, thioredoxin reductase hadiddothyronine deiodinase enzymes
[168].

Regarding the effects of selected minerals to Masdiealth it is need to mention the key role
of calcium (Ca) in the regulation of NOS activityat controls vascular tone. It has been
clearly establish that after the enhancemenintfcellular C4", eNOS activity markedly
increases [169].

Complex characters of interactions among differeimerals are visualized in the Fig. 2.

Mineral Interactions

Manganese

Calcium
Potassium

Copper

Magnesium
(Mg)

Molybdenum
(Mo)

Nitrogen (N)

The synergistic relationships between minerals are depicted as arrows.

Fig. 2. Mineral interactions.

2.1.3 Vitamins

Vitamins are organic compounds, required in smadrgities for the variety of biochemical
functions. Generally they cannot be synthesizethbybody and must therefore be supplied in
the diet.

Vitamin functions and deficiency disease are weparted in the existing literature. This
chapter is focused on the vitamin-vitamin inter@cs, their action as coenzymes, effects on
hormones and possible action toward cardiovasdisaase.

Vitamins can be divided into two groups: fat-solulvitamins and water-soluble vitamins.
Vitamins A, D, E and K are the fat-soluble vitamiiifiey require the presence of fat for their
absorption and are stored in the liver. Water-delwtamins include vitamin C and the B-
complex vitamins. The B vitamins include thiaminB;)( riboflavin (By), niacin (B),

pantothenic acid (8, pyridoxine (B), folic acid (B), cobalamin (B,), and biotin. Water-
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soluble vitamins are lost through urination and amnet stored in the body.

It is wide recognized that vitamins function asyane co-factors and they are also essential
for the hormones excretion [170].

Several vitamins have possessed antioxidant piepethese vitamins are following, vitamin
C, vitamin E, folic acid, vitamins 8and B» and vitamin A. They are commonly found in
many foods and multivitamins, and their main fuoictis to neutralize the free radicals that
are produced in the process of food digestion$dne recent clinical evidence also suggests
that B vitamins have the antiinflammatory propertend the ability to reduce the risk of
cardiovascular disease development [171-173].

Vitamins being as co-factors of many enzymes playitecal role for their proper function.
Here some examples of their action as coenzymegrareded. Vitamin B (niacin) is a
functional part of nicotinamide adenine dinucleetigNAD") and NADP. The NAD
coenzyme is involved in many types of oxidation aaduction reactions. Riboflavin forms a
coenzyme flavin adenine dinucleotide (FAD), which involved in the oxidation and
reduction reactions. Pyridoxine (vitaming)Bis a coenzyme in transamination and
decarboxylation of amino acids and glycogen phospase, and also in modulation of
steroid hormone action. VitaminsBpantothenic acid) is a finctional part of coenzym
(CoA), participated in the fatty acid synthesis ametabolism [170].

Experimental evidence suggest that supplementadbypnB-vitamins could increase the
estrogen levels in women [174]. Vitamin H (biotis)also reported to decrease the risk of
insulin resistance [175]. In addition, increase biody's ability to process estrogen was
observed after vitamingvitamin By, and choline supplementation.

Very recent animal study also suggests that progisesults could be achieved when
microelements are applied together with the vitamin this study niacin-bound chromium
exerts long term metabolic effects, including i in insulin sensitivity, lowering HbA1C,
enhancement of NO activity [176].

According to the oxidative-modification hypothesiswhich reactive oxygen species and free
radicals play a major role in the pathophysiolodgyatherosclerosis, supplementation with
antioxidants (vitamins A, C, E, folic acid;carotene, selenium, zinc) was expected to protect
against atherosclerosis [15]. In fact, observatigraspective human cohort studies have
reported that high dietary intake of foods richvitamin E [177], vitamin C [178], ang-
carotene [179], have been inversely associated th@hncidence of cardiovascular disease.
Vitamin C is a potent water-soluble antioxidantttfecycles vitamin E, improves endothelial
dysfunction (ED) [180]. Vitamin C is also an ess&nnutrient for the biosynthesis of
collagen, L-carnitine, and the conversion of dopsmio norepinephrine [181]. Under
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physiological conditions, it functions as a poteetiucing agent that efficiently quenches
potentially damaging free radicals produced by radrmetabolic respiration of the body [182,
183].

Numerous epidemiologic, observational and clinisaldies have demonstrated that the
dietary intake of vitamin C or plasma ascorbate ceotration in humans is inversely
correlated to systolic and diastolic blood presqd&®) and heart rate [180, 184]. Long-term
epidemiologic and observational follow-up studiashumans also show a reduced risk of
cardiovascular disease [185]. Moreover, the cardiegtive effects of vitamin C may be
related to it's ability to protect normal NO synsiee by modulating the redox states of its
components, primarily nitric oxide synthase (NOS)factor (6R)-5,6,7,8-tetrahydro-L-
biopterin (BH,) [186, 187].

Stabilization and reactivation of the endothelidddBby ascorbic acid, and the consequent
restoration of the normal biological activitieseflOS [188, 189] and subsequent endothelial
NO accumulation, may represent a key mechanism bhighwvitamin C impacts overall

endothelial health. The main effects of vitaminr€ summarized in Attachment 2.

Vitamin E, in the form ofi-tocopherol, is considered as a key lipophilic@itiant in human
circulation and the vasculature and plays a rolenany key processes contributing to the
onset and progression of atherosclerosis [15].mMitaE supplementation in patients with
ischemic heart disease and a moderate hypercholestéa resulted in a significantly
prolonged lag time and lowered rate of LDL ex viegidation in male patients when
compared with postmenopausal women [190].

Major effects of vitamin E toward different moleeslare presented in the Attachment 3.
Mounting evidence has suggested that vitamins aoergistically [191, 192]. For instant,
vitamin D together with vitamin A and calcium orqdphorus protects the body from colds,
diabetes, eye and skin diseases.

Another example of the synergistic interactiongitamin C and vitamin E. As a lipophilic
antioxidant, vitamin E can interact with the lipmbmponents in the vascular systems,
especially LDL, and protects them from atherogenidative modification. The lipid-bound
a-tocopherols can be oxidized by aqueous-phaseatadand transformed into reactive
tocopherol radicals. Oxidized vitamin E can be omilback to its antioxidant form by
vitamin C which reduces the tocopheroxyl radicalt@copherol, thereby acting as a co-
antioxidant and inhibiting LDL oxidation [193]. Adtbnally, vitamin C is capable to
sequester aqueous radicals in the plasma befoyectimeoxidize vitamin E in the lipid phase

and affords preemptive protection for lipid-bounddpherols. Study with cigarette smokers,
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has provided evidence that the rate of the blod@dmin E oxidation caused by increased
oxidative stress is substantially attenuated bgmih C supplementation [194], indicative of a
vitamin E-recycling role for vitamin C and a potehtcooperative relationship between
vitamins C and E. In fact, this synergy againstakbn of lipoproteins has been shown both
in vitro [195] and in vivo [196-198]. Moreover, ginins C and E can interact synergistically
in protection against the development of cardioukscdisorders [199]. For example, when
applied in combination, they synergistically attataucopper-mediated LDL oxidation in vitro
[200], downregulate the expression of vascular #re@l growth factor (VEGF) and its
receptor VEGF-2 [201], and decrease the activaifodNADPH oxidase while increasing that
of superoxide dismutase, leading to reduced lewdlsoxidative stress [202]. These
cooperative interactions between these two vitarhase a big clinical significance, because
they provide evidence for combined antioxidant dpgr in treatment of cardiovascular
disorders. Indeed, the therapeutic value of mudtivin treatment has been supported by a
number of clinical evidence [203-205].

Research of the synergistic interactions amongmiita appeared to be promising tool to
explain their complex effects toward living organs Relationships among vitamins are

visualized in the Fig.3.
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Fig. 3. Vitamin interactions.
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2.2 The underlying pathogenesis of vascular disorders. The role of

oxidative stress and nitric oxide in atherothrombosis.

World statistics demonstrate that vascular diseés@erosclerosis) became the major cause
of morbidity and mortality among people of all ag&ccording to the World Health
Organization, there were nearly 5.5 million strokeglated deaths in 2002 [206].

The question of revealing the main causes in tiveldpment of the vascular disease remains
relevant up to this date.

Risk factors for cardiovascular disease include emgmsion, diabetes mellitus,
hypercholesterolemia, and heart failure [207-210].

However, the majority of cardiovascular diseasealtesrom complications of atherosclerosis
[209].

Oxidative modification hypothesis, in which reaetioxygen species and free radical plays a
major role in the pathophysiology of atherosclesdsas been confirmed by the results of
experimental and clinical studies [207, 211, 21&¢cording to this hypothesis increased
levels of oxidized low-density lipoprotein (LDL) clesterol plays central role in the
promotion of premature atherosclerosis.

In this regard excess of generation of reactivegeryspecies (ROS) represents an important
pathological process in atherogenesis. Mountinglenge indicates that chronic and acute
overproduction of reactive oxygen species undenqutysiologic conditions plays important
role in the development of cardiovascular dise§aE3-215].

Experimental studies have also confirmed that eachponent of the atherosclerotic blood
vessel has been demonstrated to increase produmti®OS, primarily superoxide anion
(027 [216]. Important sources of ROS are vascular gmoauscle cells, endothelial cells,
fibroblasts, and infiltrating leukocytes [217]. Bwxtion of ROS affects gene transcription,
damages DNA, and increases production of inflamrgatanscription factors [218].

Although the mechanism of oxidative modificationLdL remains unknown, the importance
of oxidation can be seen by the presence of oxidikBL in atherosclerotic lesions.
Experimentally, the amount of oxidized LDL directiglated to the atherosclerotic burden
[219]. Oxidized LDL induces a series of atherogepiocesses, including transcription of
proatherogenic genes, production of matrix metaitgghases and tissue factor, antagonism

of endothelial cell production of NO, and promotiminvascular smooth muscle cell apoptosis
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[220]. Scavenging of NO leads to the progressioerafothelial dysfunction simultaneously
increases inflammation, platelet activation, anslocanstriction.

ROS mediate various signaling pathways that urgleniascular inflammation in
atherogenesis: from the initiation of fatty streaé&velopment through lesion progress to
ultimate plaque rupture. Oxidative stress is apmbalo be a universal mechanism for
development of many CVD risk factors, which addiatly supports its central role in CVD.
[169, 209]

The development of atherosclerosis is visualizettiénFig. 4.
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Fig. 4. Development of atherosclerosis.

ROS produced by endothelial cells,SMCs, and macrophages oxidize LDL inthe subendothelial space, at the sites
of endothelial damage, initiating events that culminate in the formation of a fibrous plaque. Rupture of fibrous
plague leads to thrombus formation and occlusion of the vessel. Adopted from Madamanchi et al. [211].

Oxidative stress, mechanisms.

The production of reactive oxygen species (ROS) iattive nitrogen species (RNS) is
important in both normal physiology and in the pagnesis of cardiovascular and many
other disorders. The ROS include partly reducech$oof molecular oxygen, such as hydroxyl
radical (*OH), superoxide anion £0), hydrogen peroxide @#D,), lipid peroxides, and
hypochlorous acid (HCIO). Accumulation of ROS iseof accompanied by the production of
reactive nitrogen species (RNS), such as the highkd#gtive peroxynitrite anion, a strong
oxidant formed by the reaction o, Oand nitric oxide. Under physiological conditions]ls
protect themselves against ROS damage through endog antioxidants that remove free
radical intermediates and inhibit oxidation. An mnce between endogenous oxidants and
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antioxidants results in oxidative stress, a coaditihat contributes to vascular dysfunction

and atherogenesis [221].
Sources of ROS

These ROS can be released from nicotinamide adelmeleotide (phosphate) (NADPH)
oxidase, xanthine oxidase, lipoxygenase, mitochandir the uncoupling of nitric oxide
synthase (eNOS) in vascular cells [222].

Superoxide anion is produced by the one-electraluateon of oxygen by nicotinamide
adenine dinucleotide (phosphate) (NAD(P)H) oxidas@&pchondrial respiration, and other
oxidoreductases, such as glucose oxidase and rantixidase [223]. The effects of,®
include oxidative damage, the mediation of sigmahsduction leading to altered gene
transcription, posttranslational modification withhanges in protein function and enzyme
activity (‘redox signaling’), and rapid inactivatioof NO, leading to endothelial dysfunction.
Alterations in both the rate of formation and theeat of scavenging of £+ have been
implicated in the vascular dysfunction observedatherosclerosis, hypertension, diabetes
mellitus, chronic nitrate tolerance, and postiscicamyocardial dysfunction [208, 224].

In the endothelium, NO is synthesized by the’*@almodulin-dependent nitric oxide
synthase (NOS), using L-argininep,@nd NADPH as substrates. Nitric oxide is membrane
permeable and diffuses throughout the vasculapremoting smooth muscle cell relaxation
by activation of soluble guanylyl cyclase and madioh of cation channels, and,
consequently, regulating vascular tone [225]. Addal antiatherogenic actions of NO relate
to inhibition of platelet function and inflammatocegll adhesion, promotion of fibrinolysis,
and attenuation of smooth muscle cell proliferaf@6].

When nitric oxide and O2-- react in a diffusion-trofled process to produce peroxynitrite,
which interacts directly with lipids, DNA, and pemts. In the setting of cardiac risk factors
and pathological conditions such as atherothronshastidative stress is associated with
impaired NO bioavailability [202, 227,228].

It can be concluded that NO is a key molecule ie thaintaining of normal vascular
functions. Endothelial dysfunction representsehdiest stage in the atherosclerotic process,
and also contributes to the pathogenesis of acasewar syndromes by predisposing to

plaque rupture and intravascular thrombosis.

Molecular links between oxidative stress and atherogenesis

The development of atherosclerosis is accompanjea dhronic inflammatory process of the

arterial wall. The most important manifestationtioé overproduction of free radical is the
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expression of proinflammatory genes that are reégdldirectly or indirectly by ROS [229].
Such gene products include monocyte chemotactieiprd (MCP-1), vascular cell adhesion
molecule 1 (V-CAM 1), intercellular adhesion molexd (ICAM-1) and E-selectin. These
molecules facilitate endothelial-leukocyte intei@ts and initiate early stages of
atherosclerosis [229]. The increased expressiothade inflammatory molecules is largely
mediated through redox-sensitive transcriptiondecsuch as nuclear factor kappa B (BF
activator protein 1 (AP-1), early growth responsetgn 1 (Egr-1), and hypoxia inducible
factor I3 (HIF-1p). These factors are also important for proliferatsignals involved in
vascular smooth-muscle-cell growth, vascular rertiegend atherogenesis [230].
Additionaly, ROS can activate mitogen-activatedt@ro (MAP) kinases, and both receptor
and nonreceptor tyrosine kinases [231].

Protection against ROS

Cell has evolved different mechanisms to proteehtbelves against ROS. This protection is
implemented through the action of endogenous aid@ot system that includes antioxidant
enzymes and endogenous antioxidants such as malaton

Important antioxidant enzymes presented in artenehlide superoxide dismutase (SOD),

glutathione peroxidase (GPx) and catalase (CAT2][23
Superoxide dismutase (SOD)

SOD plays a key antioxidant role by catalyzing themutation ofO, " into oxygen and
hydrogen peroxide. For the proper action this ereyeeds cofactors (a metal in the catalytic
center). There are three forms of the enzyme indmanSOD1 ¢ (Cu-Zn-SOD) is located in
the cytoplasm, SOD2 (Mn-SOD) in the mitochondriad aSOD3 (Cu— Zn-SOD) is
extracellular. In the cardiovascular system, thieoamf SOD3 lowers supeoxide radic@d
and maintains vascular NO level [233, 23Ektracellular superoxide dismutase may be
crucial for the vasodilating activity of extracddu NO by controlling the levels of
extracellular @ and preventing the formation of peroxynitrite. Tdeance between the,O
producing oxidases and SOD activities keeps bagal Encentrations below the range in

which this species can directly interfere with wdac signaling [235].

Glutathione peroxidase (GPx)

GPx is a selenium-containing antioxidant enzymee @ight forms of glutathione peroxidase
(GPx1- intracellular, GPx2- gastrointestinal, GPx3«racellular, GPx4- hydroperoxides
degrading, selenoproteins P and W, iodotironinediease and mitochondrial selenoprotein)

has been described so far. These enzymes resporisiblipid hydroperoxides and B,
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removal [236]. The GPx/glutathione system is apgedo be a major defense in low-level

oxidative stress [232].

Catalase (CAT)

The enzyme catalase catalyzes the decompositibgdsbgen peroxide to water and oxygen.
CAT is very effective in high-levadxidative stress and protects cells from hydrogemxide
produced within the cell. The enzymeegpecially important in the case of limited glutatie
content or reduced glutathione peroxidase actiahd plays a significant role in the
development of tolerande oxidative stress in the adaptive response d¢¢ ¢&B7]. Catalase
needs iron or manganese as a cofactor.

The action of endogenous antioxidant system isalised in Fig. 5.

A
~Fpita
L-sl::rne Fe?*-NO | NADP*
ONOO- Ty, NADPH
4}& -
it i
*NO
L-Arg
L-Cit
G5H NADPH
H,0, + [0] .
2G5H i
500 = Superoxide Dismutase NADP+
CAT = Catalase "

EP; = Glutathione Peroxidase
GR = Glutathione Reductase
L-Arg = L-Arginine -

¥ L-Cit = L = Citrulline Hﬂﬂ ——

ONOO™ = Peroxynitrite
0 = Mitric Oxide

H.O + 0, 0;=Superoxide
H,0, = Hydrogen Peroxide

Fig. 5 . Inactivation of reactive oxygen spices by endogenous antioxidant enzyme system

A paradox of metabolism is that while the vast migjoof life requires oxygen for its

existence, molecular oxygen is a highly reactivdemde that can damage living organisms
by conversion to its partially reduced forms, tf@3R[238]. Consequently, organisms contain
a complex network of low-molecular-weight antioxianolecules and specific antioxidant

enzymes that modulate redox state and prevent inxeddamage of cellular components. In
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general, antioxidant systems either prevent RO® foeing formed, or remove them before
they can damage vital components of the cell [2BRB]nenzymatic antioxidant molecules
include uric acid, ascorbic acid (vitamin C), algbaopherol (vitamin E), glutathione (GSH),

polyphenolic compounds and mineral serving as ¢tofador many enzymes [240].

Nowadays foodstuffs are considered as an impostunice of essential compounds for living
cells that may help them to cope with the exce$2@8.

Modern knowledge of the nature and the bioavailgbdf dietary antioxidants allow us to
assume that food beside phenolics and vitamins piegides minerals that are able to
activate endogenous antioxidant enzymes beingesrsabfactors.

The benefits of natural antioxidant compounds towandogenous antioxidant system are

summarized in the next chapter.
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2.3 Endogenous antioxidant system and potential benefits of

natural antioxidant compounds.

Many epidemiological studies, including observatiorstudies and randomized
controlled trials, have examined the relationshepagen antioxidants and incidence of CVD
[1]. Generally, it was shown that vitamins, minsrahd polyphenols intake is associated with
the reduction in the incidence of the CVD. Howewbe results and conclusions of these
studies are not consistent. This is due to thetfattin many of these clinical trials there are
enormous clinical design problems, methodologiwélavaried patient population, variable
dose and type of vitamin use, improper selectiomitaimin used and many other issues that
make the studies difficult to interpret [241].

The antioxidant hypothesis

The association between fruit and vegetable intake reduced risk of chronic disease has
been proven by the years of experimental worksgelaiscale clinical trials and
epidemiological studies.

Terms such as “French paradox”, and Mediterrandah lthve related the reduction of
incidence of cardiovascular diseases to the cetypm of foodstuffs in the diets.

Previous parts of this thesis provided a great bofdgvidence about protective effects of
plant derived bioactive compounds.

Among all bioactive compounds, polyphenols hasaetéd great interest from the scientific
community due to their abundance in the dietarycesi

Molecular targets of polyphenols that related t@irtiphysiological effects are summarized in
the Fig.6.
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Grey arrows represent a stimulatory effect; black lines represent inhibitory effects.

Fig. 6. Cellular and molecular targets and polyphenols against cardiovascular disease.

ROS- reactive oxygen species, RNS- reactive nitrogen species, LDL- low-density proteins, NOS- endothelial nitric
oxide synthase, NO- nitric oxide, t-PA- tissue plasminogen activator, NF-kB- nuclear factor-kB, iNOS- inducible
nitric oxide synthase, COX-2- cyclooxygenase-2.
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3 Aims of the Ph.D. thesis

This thesis covers two main areas. The first paexperiments is devoted to the isolation,
assessment and finding the relationships betweerbittactive compounds content and the
antioxidant properties in the most consumed fodfisto western populations (red wine and
potatoes).

The second part was focused on the applicationedf wine extract on the models of

experimental animals with the spontaneous hypeadenand their comparison with the

normotensive animals.

Here analysis of physiological parameters suchlasdbpressure development, activity of

endogenous antioxidant enzymes (SOD) and nitrideoxtlease was performed.
The specific aims of this study were following:

A. To find the appropriate methods and techniquesédhaiv to test the hypothesis that
antioxidant capacity has a direct relationshipswiite total polyphenolic content, and

to investigate whether this relationship occuriffedent dietary sources.
B. To evaluate synergistic reactions among bioactorepounds presenting in red wine

C. Using of 2 models of experimental animals to vehfypothesis that polyphenols and
other bioactive compounds from the red wine extract able to affect the
physiological parameters as blood pressure, sugkraismutase activity (SOD) and
the nitric oxide synthase activity, the producer wiric oxide, a factor of

vasodilatation.
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4 Materials and methods

4.1 Chemicals

Gallic acid, chlorogenic acid, catechin, epicatechluaffeic acid, gallic acid, quercetin, 4-
hydroxybenzoic acid, ABTS radical and Trolox wergghased from Sigma-Aldrich, SOD
assay kit (Fluka, Germany), Folin-Ciocalteau reag@y,6—Tri(2- pyridyl)-s-triazine (TPTZ)
was from (Fluka, Germany), commercial set RandoxST#adical ABTS, Randox
Laboratories, Antrim, United Kingdom ) and 2,2-daplyl-1-picrylhydrazyl (DPPH) radical,
All the other reagents were of analytical grade.

The examined Cabernet Sauvignon and Merlot wings werchased in several supermarkets
and wine shops in Prague. Samples were selectiee tepresentative of the most consumed
foreign wines in the Czech Republic. The selectinigeria for the samples were to find
monovarietal wines that are widespread in diffeqgants of the world but not planted in the
Czech Republic. Cabernet Sauvignon and Merlot wiliteshis criteria and comparative
evaluation of their constituents was performed. alehol content ranged from 11.5% to
13.5% and 0% in Carl Jung dealcoholised Merlot damp

The wines examined for the treatment of experimemtanals were obtained from the Slovak
State Institute of Viniculture (Modra, Slovakiajr8ples of Alibernet red wine variety were
subjected to the process of dealcoholization, aw@entration. Finally, an alcohol free ten
times concentrated Alibernet red wine extract wapared.

Twelve potato samples of different varieties witivetise colored pulps such as there of
yellow, three of red and six of blue tuber fleshoconvere evaluated from two agriculture
areas in the Czech Repubilic.

4.2 Methods and equipment

4.2.1 Measurement of Total Antioxidant Capacity

In the wine samples, TAC was measured using sg@eitometric assays on a UV-visible
spectrophotometer (PharmaSpec UV- 1700, Shimadpan). The software parameters were
as follows: Shimadzu UV-Probe, Version 2.00-Photisie TAC was determined using
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Trolox equivalent antioxidant capacity (TEAC) asqay?2], the ferric reducing ability of
plasma (FRAP) assay [243], by DPPH assay [244]ogrithe commercial kit Randox TAS.
All the assays expressed antioxidant power in k@behydroxy-2,5,7,8-tetramethylchroman-

2-carboxylic acid) equivalents (mmol/l).

4.2.2 Measurement of Total Phenolic Content

Total phenolic content was determined using spphtitometric assay on a UV-visible
spectrophotometer (PharmaSpec UV- 1700, Shimadpan) and was measured using Folin-
Ciocalteau reaction [245]. The absorbance was m@ted at 765 nm using gallic acid as the

standard. TPC expressed in gallic acid equival@bisE).

4.2.3 Determination of minerals

The red wines elemental composition was determinyedAS method using acetylene/argon
flame in Atomic Absorption Spectrometer (Varian &pa& AA 220 FS, Australia) for copper,
zinc, selenium and lead, ISE (lon Selective Elatgjofor potassium determination, and
Photometry (Roche equipment, Modular E 170, Swiarel) for calcium, magnesium,

phosphorus and iron determination.

4.2.4 Measurements of Riboflavin (B,) and Pyridoxine (Bg) content

Both vitamins determined by HPLC Fluorescent Da&bectusing RECIPE complete set
(Recipe Chemicals + Instruments GmbH Munich, Geypharhe HPLC system (ECOM ltd.,
Prague, Czech Republic) was equipped with a pur@®O(#), fluorescence detector (ECOM)
and HPLC column included in the kit. The injectieolume was 2Qul and the flow rate 1
ml/min. Riboflavin was measured directly with flescence detection using excitation and
emission wavelengths at 450 nm and 530 nm resgdgtiRyridoxine was measured directly
with fluorescence detection using excitation andssimn wavelengths at 370 nm and 470 nm

respectively. Clarity software version 1.5 wasdu® quantification of the peak areas.
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4.2.5 HPLC analysis of single phenolic compounds in red wines and

potatoes

The content of gallic acid, chlorogenic acid, chtegc epicatechin,caffeic acid, gallic acid,
qguercetin and 4-hydroxybenzoic acid was measurétd WPLC. HPLC analysis was
performed with a Dionex Summit Chromatograph (Pf8ép, Ultimate 3000 Photodiode
Array Detector, Autosampler ASI-100 driven by Chedeon) equipped with 150 mm x 4.6
mm Agilent Eclipse XDB-C8 jom column. Elution was carried out with two solverisnM
KH2PO4 in methanol (A), KH2PO4 in demineralised evgB). The samples were eluted for
20 min at a flow rate of 1 ml per min, with gradiefihe column temperature was 20°C and
UV detection was ranged from 280 to 325 nm.

4.2.6 HPLC analysis of catechins in animal plasma

Plasma catechin concentration was measured by HBPioBex Summit Chromatograph
(P680 pump, Ultimate 3000 Photodiode Array Detecfartosampler ASI-100 driven by
Chromeleon) coupled with fluorescence detectordescribed by Carando et al. [246]. A
LiChrosphere &, 4 mm x 250 mm, mm particle size analytical column was used as the
stationary phase. The mobile phase was heated t&€ 4delivered at 0.5 mL/min and
consisted of two solvents: solvent A =50 mmol/L naomium dihydrogen phosphate
(NH4H2PQy) at pH 2.60, solvent B = 20% solvent A in acetaleitoy Donovan et al. [247].
Briefly, 500uL of plasma was mixed with 24 ascorbic acid-EDTA solution (20% w/v
ascorbic acid, 0.1% w/v EDTA), 328 of B-glucoronidase and sulphatase (Sigma G-7017)
and 25QuL of 0.6 mol/L CaC}, incubated at 37 °C for 45 min, in order to reéeasnjugated
forms of catechin. After incubation, the sample wasited with 70Q.L of acetonitrile, and
centrifuged at 5000 g for 5 min, in order to precipitate proteins. Thgernatant was filtered
through 0.45um pore size membrane and (&5 of the sample was injected into HPLC
system. Catechin was determined by fluorescencectiah at an excitation wavelength of
280 nm and an emission wavelength of 310 nm. Alasueements were done in triplicate.

Results are expressed as micrograms of catechiitgrer
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4.2.7 SOD activity determination

The SOD activity was analyzed using the SOD Assiay(Ruka). Tissues from the left
ventricle and aorta were used®5% and 1% homogenates in the assay. For a3@yldf
working solution (WST-1), 20 ul of dilution bufférstandard or sample were mixed in each
well. Finally, 20 ul of Enzyme Working Solution waslded to each sample and then mix
thoroughly. Three blanks were used in this assay(bBank to water, 20 ul of double distilled
water), B2 (sample blank — blank to each samplaawit enzyme) and B3 (enzyme blank —
blank without sample). The plate was incubated7at@ for 20 minutes and the absorbance
was read at 450 nm using a microplate reader (TheBmientific Multiscan FC, Finland).
SOD activity was calculated using activity of SOfarglards and results were expressed in
U/ml in plasma and/or U/mg of protein in tissues.

4.2.8 NOS activity determination

NO synthase activity was determined in crude homatgs of the LV, aorta and kidney by
measuring the formation o{]-L-citrulline from [°H]-L-arginine as previously described by
Bredt and Snyder [248] with minor modifications Bgchanova et al. 1997 [24%amples
were measured in Quanta Smart TriCarb Liquid Statibn Analyzer (Packard Instrument
company, Meriden, CTNO-synthase activity was expressed as pkat/g dém®

4.2.9 Measurement of superoxide level.

The superoxide (9 was evaluated using Lucigenin Enhanced Chemilisoémce [250].
Samples of the aorta or left ventricle were stoiredKrebs-Henseleit buffer on ice until
measurement. Aorta and left ventricle were cutralk pieces up to 15 mg wet weight.
Before measurement tissues were equilibrated 20 ahi37 °C Krebs-Henseleit buffer
bubbled with pneumoxid. 5@mol/l solution of lucigenin in Krebs-Henseleit beiffat 37C
was adapted in dark 10 min and the background dbemmiscence was measured for 5 min.
Sample of aorta or left ventricle was added todenin solution and measured each 30s

during 5min in Turner Designs TD-20/20 luminomedad expressed as RLU/mg tissue.
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4.3 Animals and treatment

The entire procedures and experimental protocote approved by the Ethical Committee of
the Institute of Normal and Pathological Physioldg#S, and conform to the European
Convention on Animal Protection and Guidelines agséarch Animal Use. Experimental
animals were 6 weeks males old from following gupormotensive Wistar Kyoto rats
(WKY) and spontaneously hypertensive rats (SHREse animals were treated with red wine
extract (24,2 mg/kg/day) for 3 weeks. The extraas \given in tap water. To ensure that each
animal received the complete dose of polyphenaiixstances from the Alibernet extract, the
calculated amount of liquid extract was given tohe@age in the appropriate volume of water
and adjusted to the animal’'s water consumptionlyDaater consumption was estimated
individually for every animal 1 week before the edment. During the experiment, water
consumption was controlled. All animals were houaedour in one cage at a temperature of
22-24°C and fed with a regular pellet diet ad difmit

Systolic blood pressure (SBP) was measured by anvesive method of tail-cuff-
plethysmography twice a week.

After 3 weeks of treatment, the animals sacrifieed the body weight (BW), heart weight
(HW), left ventricle weight (LVW) and right venttee weight (RVW) were determined.
Samples of the heart (LV), aorta and kidney weexlus determine NO synthase activity and
superoxide dismutase activity (SOD). The plasmapsesnvere immediately frozen and taken

for analysis.

4.4 Statistics

In chemical experiments were used the following hods of data processindpata are
presented as mean values + standard deviation fSD3). The statistical significance was
evaluated by Pearson‘s test, which is suitablesfoall numbers of samples, using GraphPad
Prism version 4 software (GraphPad Software, SagdiCalifornia, USA).

Regarding the animal studies ANOVA 6.0 (Duncan)tsisitistical software was employed.

39



5 Results

In several studies we examined the biochemistfpadstuffs such as wines and potatoes, and
the experimental trials with the feeding of animaith the red wine extract were done.

5.1 Analysis of antioxidant properties, total phenolics, mineral and
selected vitamins content of red wines and red wine extract.

The specific aim of this study was to verify thgbthesis that antioxidant capacity has direct

relationships with the total polyphenolic and malecontent, and to investigate that this

relationship occurs in different dietary sources.

A number of experiments with red wine and potat@ese done to proof the statement that

total antioxidant capacity (TAC) of foodstuff hasosg relationship with the total phenolics

content (TPC) and in some extent to mineral cont€he study also confirmed that this

occurs in different dietary sources, e.g. in wiveise extract and potatoes.

The set of wines comprised of Cabernet SauvigndnMerlot wines, from different places of

origin. Different grape varieties were also choseifind out the possible influence of grape

variety on the TAC in red wines. The samples ofesisubjected to the study are visualized

in the Table 1.

Table 1. Samples of red wines Cabernet Sauvignon and Merlot subjected to the study.

Wine Grape variety Origin Year Alcohol
content #

1. Finca del Mar Cabemet Sauvignon Spain, Valencia 2005 125

2. Castel Cabemet Sauvignon France, Pays d'Oc 2005 125

3. Western Cellary Cabemet Sauvignon USA, Califormia 2004 125

4. Pinewood Hill Ruby Cabemet USA, California 2004 135

5. Santa Regina Cabemet Sauvignon Chile 2003 135

6. Hardy's Cabemet Sauvignon South-Eastern Australia 2004 13.0

7. Finca del Mar Merlot Spain, Valencia 2005 125

8. Castel Merlot France, Pays d'Oc 2004 125

9. Carl Jung Merlot Germany 2005 0

10. Cielo Merlot Italy 2005 11.5

For the red wine total polyphenolic analysis a frdlliocalteau method were chosen. This
method is world-wide recognized for the determratof the total polyphenolic content in

food sources. Antioxidant capacities in the setdbadt Sauvignon and Merlot wines were
determined using two different assays of TEAC aRRAF. The results were expressed in
trolox equivalents. This approach allows comparli®L values between each of the wine

samples.
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Total antioxidant capacity (TAC) and total phenaantent (TPC) of the Cabernet Sauvignon
and Merlot red wine samples are presented in Table

Table 2. Total Antioxidant Capacity and Total Phenolic Content of Red Wine samples

Wine Crape variety Total Antioxidant Capacity Tofal Antioxidant Capacity Totd Phenolic
TEAC assay (Trolox mmol/l) FRAP assay (Trolox mmolfl) Content (mg/l GAE)
1 (abemet Sauvignon 105£02 95402 414+11
2 (abemet Sauvignon 166+04 152=05 2912+26
3 (abemet Sauvignon 17103 70=01 1453 =16
4 Ruby Cabernet 109405 96+01 218+19
5 (abemet Sauvignon 99403 91=01 2365+ 12
6 (abemet Sauvignon 11706 108=01 2168 £ 27
7 Merlot 89+02 8.1+01 1137+16
8 Merlot 1205 9.7+02 2100+25
9 Merlot 99+02 9101 208122
10 Merlot 75401 69+01 1447 =21
Infra-assay repeatability (RSD in &, n=3) 51 32 15

Limits of detection - - 30

Data are expressed as mean values =D (n=13).

Antioxidant activity of red wines measured by TEA€say ranged between 7.8-16.6 mmol/l
in Cabernet Sauvignon samples and 7.5-11.2 mmolMerlot wines. A second method a
FRAP assay was also used to assess the antioxaatity of red wine samples. According
to FRAP assay TAC values ranged between 7.0-15.2lfhm Cabernet Sauvignon wines
and 6.9-9.8 mmol/l in Merlot samples. Results frétRAP assay were slightly lower
compared to those from TEAC. These small differsriceantioxidant values are caused by
the TEAC and FRAP methods used for detection. riteioto justify and compare the TAC
values evaluated by these two different assayatestital analysis was performed. We have
found a strong positive correlation between the Tvelues, evaluated by the TEAC and a
FRAP assay, with the coefficient of correlation fioe 10 pairs of samples (r = 0.9963 and p<
0.0001).
The total phenolic content of the wine samples rd@teed by using the Folin-Ciocalteau
colorimetric method varied from 1447 mg/l in Merlaines to 2912 mg/l of gallic acid
equivalents (GAE) in Cabernet Sauvignon wine sasiple
Present research has established that the highestrtrations of polyphenols were detected
in French Cabernet Sauvignon 2912 mg/l (wine #2) Spanish Cabernet Sauvignon 2414
mg/l (wine #1). Lowest concentrations were in #aliMerlot 1447 mg/l (wine #10) and
Chilean Cabernet Sauvignon 1453 mg/I (wine #3).
Mean values were used in the comparative analysietal polyphenol concentrations in
Cabernet Sauvignon and Merlot red wine samplesef@ab Sauvignon and Merlot wines
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contain 2238 #477 mg/l GAE in average $D and 1841 811 mg/l GAE in average $D
respectively. Total antioxidant capacity showedenalsled values higher in Cabernet

Sauvignon samples compared to Merlot wines.

Relationship between Antioxidant Capacity and Total Polyphenolsin red wines subjected to
the experiment.

A significant positive relationship was observedws=n TAC and TPC values. The total
antioxidant capacities based on TEAC and FRAP asshgwed strong positive correlation
with the Folin-Ciocalteau’s total phenolic contédnt= 0.88 and p< 0.001 for TEAC assay)
and (r = 0.89 and p<0.001 for FRAP assay respdyg}ivEhese finding are visualized in Fig.
7.
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Fig. 7 Correlation between Antioxidant Capacity and Total Polyphenols.

Scatter plot derived from Pearson test, illustth&estatistical correlation between total antiorideapacity and
total phenolic content. TEAC assay: y = 0.005110.8009553, R= 0,7821 ; FRAP assay: y = 0.004645
0.0008290, R= 0,7970.

Elemental content in red wines analyzed.

The concentrations of determined mineral elemerdsddferent among wines subjected to
the study (Table 3).
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Table 3. Elemental profile of Cabernet Sauvignon and Merlot wine samples

Wine ~ Grape variety K(mgl) Mg(mgl) P(mgl) Ca(mgl) Fe(mgl) Cu(mgl) Se*(ugl) Po(ug) Zn(mgfl
1 Cabemnet Sauvignon 12317 1028 1215 577 ND 02 202 140 04
2 Cabemet Sauvignon 1384 897 1432 563 ND 01 315 464 08
3 Cabermet Sauvignon 1754 1227 2455 45 19 01 300 285 08
4 Ruby Cabemet 14866 1069 2967 621 11 ND 336 96 08
5 (abemet Sauvignon 15660 1225 2514 121 09 02 420 49 08
b (abernet Sauvignon 1574 1468 266.9 70 26 02 350 54 14
7 Merlot 10925 1018 143.8 649 ND ND 358 205 07
8 Merlot 10545 926 1225 63.1 31 0. 238 411 06
9 Merlot 1773 1l 769 946 04 0. 400 96 03
10 Merlot 1050 95 1318 894 27 02 307 424 06
Intra-assay repeatability (RSD in %, n=3) 12 14 14 1 63 12 45 35 68
Limits of detection 391 0.7 i 20 0003 002 9.0 30 006

Data are expressed as mean values (n =3} ND, not detected.
* Se and Pb were expressed in pg/l.

The most predominant element detected in all wamepdes was Potassium (K). At the same
time potassium concentrations were a little high&Cabernet Sauvignon compared to Merlot.
Among other major determined elements were zing,(ghosphorus (P) and magnesium
(Mg). Iron (Fe) and copper (Cu) were in severaesabelow the detectable level. The
analysis of the mean values were used in ordentbdifferences in mineral content between
red wines of two grape varieties investigated i ¢hrrent study. This analysis showed that
Cabernet Sauvignon wines contain higher levels ofagsium (K), magnesium (Mg),

phosphorus (P), copper (Cu) and zinc (Zn) comptréderlot wines.
Vitamins content in examined red wines

Red wine is a source of water-soluble vitamins.rénirstudy determined Riboflavin {Band

Pyridoxine (B) in all red wine samples. Cabernet Sauvignon haiylaer concentration of
Pyridoxine (mean value of 28/l + 18.8 SD) than Merlot. At the same time, Merlot @sn
contained higher levels of Riboflavin (mean valde68 pg/l + 16.0 SD) in comparison to

Cabernet Sauvignon.
The study of red wine and red wine extract from Alibernet grape variety

Total antioxidant capacity and phenolic contenAlithernet extract.
In this study, samples of Alibernet red wine anttaoct were examined on total antioxidant

capacity (TAC) and total phenolic content (TPC)eThsults are visualized in Table 4.
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Table 4. Antioxidant capacity and phenolic content in red wine and red wine extract.

GAE mg/l
Alibernet wine 35,82 2039+ 0,55

Alibernet extract 376,38 24172+ 1,26

Antioxidant activity of Alibernet red wine was dfitly above 35 mmol/l whereas in Alibernet

extract it reaches 376 mmol/l. The results of TACred wine and the red wine extract

confirm that ten times higher concentration wasieadd at the extract. It has been also
proven that the process of extraction has not atfex antioxidant properties of the red wine
extract.

The total phenolic content of the wine samples rd@teed by using the Folin-Ciocalteau

colorimetric method was 2039 mg/l in Alibernet wsnand above 24172 mg/l of gallic acid
equivalents (GAE) in Alibernet red wine extract $ées.

Present research has established that dealcoh@lig®sinet red wine extract has more than
11 fold higher Total antioxidant capacity and Tqgtakenolic content compared to Alibernet
red wines. Moreover, TAC and TPC values are higheed wine extract at the same extent.
This confirms that extract has preserved all esseptoperties of wine. This also reveals a
significant positive relationship between total iaxidant capacity and the total phenolic
content. For determination of the principal phena@ompounds in the Alibernet red wine
extract the HPLC analysis was employed. Among thennphenolic compounds were

epichatechin and catechin, gallic and caffeic acitie results are visualized in the Table ...

Table 5. HPLC determination of single polyphenolic compounds in Alibernet red wine and

extract

Alibernet
wine 35,5 17,7 31,0 38,4 |29,6 6,3 26,0
Alibernet
extract |997,0 1083,7 300,7 [452,1 |36,2 224,3 177,3
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As far as mineral elements are essential for tbpegrfunctions of many enzymes and tissues
the comprehensive analysis of micro and macro elesneere performed.

Potassium (K) was found as a major element detentedlibernet wine and extract.
Interestingly, magnesium concentration in the Aiat extract is ten times higher compared
to red wines, that opens up possibility to consider concentration relevant to exert
physiological effects in experimental animals. Zooncentration in extract was more than 5,4
g/l, considering the fact that Zn is a co-factorsaperoxide dismutase, we could expect it's
possible effects toward SOD activity. Other deteexi elements as phosphorus (P), copper
(Cu) and selenium (Se) were in several cases biblewetectable level.

The analysis of the mineral profile of red windragt led us to the conclusion wines, that it
was contain approximately ten times higher levdispotassium (K), magnesium (Mg),
phosphorus (P), calcium (Ca) and zinc (Zn) comptoealibernet red wine.

The elemental profile of the Alibernet red wine avide extract is provided in the Table 6.

Table 6. Elemental content in the Alibernet red wine an d the wine extract.

K Mg P Ca Fe Cu Se Pb Zn
Sample
mg/l  |mg/l. |mg/l [mg/l [mg/l [mg/l |pg/l mg/l  [mg/l
Alibernet
_ 1387,01 [ 131,14 |108,97 [69,54 |1,54 <0,12 |<711 [<6,22 |354,30
red wine
Alibernet
ract 9069,51 | 1334,07 [<6,2 657,31 (24,60 |0,26 <711 |7,83 5463,92
extrac

5.2 Determination of antioxidant capacities and phenolic content in
potatoes.

Being a most consumed vegetable of human daily fmmdsumption, potato has attracted
considerable interest as a potential source ohdiedntioxidants. Current study includes a
comparative analysis of antioxidant propertiesafow, red and blue potatoes typical for the
Czech Republic with the relation to their phenalantent in fresh, cooked, cooked in steam,
microwave heated and fried potato samples. Thecbbgeof this experiment was to find the

relationship between antioxidant capacity, totaénulic content and the potato variety. In

addition, the impact of cooking procedures on amdiant capacity of potatoes was studied.

45



The determination of phenolics in potato resultedhe finding that, among polyphenolic
compounds presented in potatoes chlorogenic acsddetected in the highest amounts. Other
phenolic substances such as caffeic and protocadigids also occuin small numbers in
potatoes. However, the amounts of these compoumnestemfold lower, compared to
cholorogenic acid. This may be the reason for #ut that only cholorogenic acid could be
determined by the HPLC. Due to this fact the rssolt total phenolic content in potatoes
subjected to the study were expressed in chlorogacid equivalents. All potato samples

subjected to the study are visualized in the T@ble

Table 7. List of potato samples.

Sample . Tuber flesh _

N—— Cultivar o Agriculture areas

1 Agria yellow Havlékav Brod

2 Ditta yellow Havlékav Brod

3 Impala yellow Prague -Suchdol

4 Herbie 26 Red Hawkav Brod

5 Highland Red Prague -Suchdol
Burgundy Red

6 Salad Red Red Havkiav Brod

7 Blue Congo Blue Prague -Suchdol

8 Valfi Blue HavlEkav Brod

9 All Blue Blue Havlékav Brod

10 Violette Blue Prague -Suchdol

11 Blaue Blue Prague -Suchdol
Hindelbank

12 Blaue St Blue Havlikav Brod
Galler

Total phenolic content in 12 potato cultivars wéskowing, the lowest in potatoes with a
yellow flesh: from 80 to 100 mg/100 g, compared.1®-150 mg/100 g in red flesh varieties.
The highest phenolics content up to 180 mg /10@&g @etected in potatoes with blue flash.
Greater content of total phenols in the varietiéh wf colored flesh was associated with a
high proportion of oenocyanin, which does not ogoysotatoes with white or yellow colored

flesh, as visualized in Fig. 8.
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Fig. 8 The content of total phenolic compounds in different potato varieties.

Total antioxidant capacity in order to eliminatespible discrepancies was determined by
both the ABTS assay and the DPPH assay in all @atamples subjected to the study.
Statistical analysis provided strong positive datren = 0.93 andp < 0.0001) for the
assays.

Strong positive relationships between the totaicaidant capacity (TAC) and the phenolic
content were found in all potato cultivars. Thengigance of these relationships was for
DPPH assayr(= 0.87,p < 0.0002) and for ABTS assay=£ 0.71,p < 0.0097).

The results of statistical analysis and charadtesi®f all methods employed in this study are
presented in Table 8.

Table 8. The correlation matrix.

r ABTS DPPH TC HPLC
ABTS - 0,93 0,71 0,79
DPPH 0,93 - 0,87 0,91
TC 0,71 0,87 - 0,84
HPLC 0,79 0,91 0,84 -

r—linear correlation coefficient, TPC — total phenolic content.

Similarly to phenolic content total antioxidant eafiies of potatoes measured by ABTS and
DPPH assays were higher in red and blue cultivanspared to the yellow ones. The results
of total antioxidant capacities are presented o Biand are expressed in chlorogenic acid
equivalents.
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Fig. 9. The antioxidant capacity of different potato varieties measured by ABTS and DPPH

assays.

Very new results were obtained in the series okdrgent evaluating the impact of different
cooking procedures on the total antioxidant caganipotato samples of Impala variefyhe
potato variety Impala was selected to representadnde most consumed potatoes in the
Czech Republiclt was found that total antioxidant capacity in@eé by30% for Impala
variety potatoes cooked in steam with the peel, paoed to that of the raw tuber. When
potatoes were boiled with the peel in water, nongeawas observed in the antioxidant
capacity. All other adjustments lead to a decressdhe antioxidant capacity: when
microwaved by 11%, peeled then cooked potatoe$ky, And when fried in vegetable oil by
29% (Fig. 10).
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Fig.10 Antioxidant capacity (ABTS assay) of Impala potato samples after using different

cooking procedures expressed in chlorogenic acid equivalents.
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5.3 Bioavailability of catechins in spontaneously hypertensive and
Wistar Kyoto animal models.

Nowadays, bioavailability of plant bioactive compads is a key question for discovering the
mechanisms of their effects. As far as catechiasoae of the major polyphenols presented in
wine, and other beverages, like tea and juicegtia of this experiment was to measure it's
presence in blood circulation of animals using HRia@=chin determination in plasma.

The bioavailability of red wine extract phenolicen studied in WKY normotensive rats and
the rats with the spontaneous hypertension. It fwasd that rats treated with the red wine
extract show the concentrations of the principdlyplrenols catechin in plasma up to 4,7
mg/l. There were no significant differences in gh@sma concentrations of catechins between
normotensive (WKY) and spontaneously hypertensae (SHR).

For the convenience, the results of catechin cdraigon in plasma are given in the Table 9. ,
which contains data on control group and anotherreneived red wine extract.

These results clearly show that animals that didr@ceive wine extract have in their plasma
very low concentrations of catechins or below tleedtion limit either. On the contrary
treated animals have shown significantly highercemtrations of catechins. The catechins
concentration varied from the 1,36 mg/l to 4,7TNKY group, and from 0,6 to 4,57 mg/l in
SHR group. In pair 3 of treated WKY animals theraswno result due to the lack of the

plasma sample.

Table 9. Catechin concentration in plasma of WKY and SHR animals.

Listed results allows us to suggest that polypreaoé absorbed and entered into the blood
circulation of experimental animals.

49



5.4 The effects of Alibernet red wine extract on SOD and NOS
activities, and superoxide level in tissues of experimental
animals with spontaneous hypertension and normotensive.

Physiological parameters of WKY and SHR animaleraB-week treatment with Alibernet

red wine extract are summarized in the followirlgea

Table 10. Effects of Alibernet red wine extract treatment on body weight, heart weight, and
blood pressure of WKYand SHRs experimental animals.

WKY Control | WKY red wine |SHR Control | SHR red wine
( n=6) extract (n=6) (n=6) extract (n=6)
Body weight (g) 249+ 13 253+ 11 211 +12* 216+ 11*
Heart weight (g) | 0,809 + 0,044 | 0,841+ 0,070 0,791 £ 0,046 0,812 £ 0,050
Blood pressure | 107 +8 108+ 6 167 + 12 176 £ 14

*p< 0,05 compared to WKY

The body weight of SHRs was significantly lower gared to WKY. This parameter was
not, however, affected by red wine extract treatnmreboth WKY and SHR.

Similarly, heart weight and blood pressure were ¢t@nged by extract treatment in WKY
and SHRs.
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NO synthase activity

Total NOS activity increased significantly (P<0.G8jer the Alibernet wine extract (AWE)
treatment of rats with spontaneous hypertensi®rlR). This increase of NOS activity was
observed in the left ventricle, aorta and kidnewbliRs compared to untreated SHR (Fig.11).
The Alibernet wine extract did not change NOS aigtivn WKY rats.

X 7
P 2 7
- 7 *
§ %

z %
CE Kidney /*
P 2 ' /

WKY-C WKY+AWE SHR-C SHR+AWE

Fig. 11. NOS activity in different organs.

Legend: effect of treatment with Alibernet red wine extract, WKY and SHRs on nitric
oxid synthase (NOS) in the left ventricle (LV) (a), aorta (b) and kidney (c). P< 0.05 as
compared with control.
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Superoxide dismutase (SOD) activity in animals witlspontaneous hypertension SHR
and WKY.

Changesin SOD activity in plasma.

Significant increase of SOD activity by 45% waseasd in plasma of SHR after Alibernet
wine extract (AWE) treatment. At the same time, glasma of control WKY group,
superoxide dismutase activity was not significasthanged. These parameters are visualized

in Fig. 12. The exact numbers were also providetiainle 11.

SOD activity in plasma
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Data are expressed as mean = SD (n = 3).

Fig. 12 SOD activity in plasma of WKY and SHR groups.

Table 11. SOD activity in plasma of experimental animals.

WKY WKY AWE SHR SHR AWE
U/mlxSD U/ml+SD U/ml+xSD U/mlxSD
2,045$€,632 1,9966,299 1,788+0,252 2,598+0,470*

Changesin SOD activity in left ventricle (LV) and aorta.

Changes in SOD activity were observed in the graipanimals with spontaneous
hypertension (SHR) where the activity of SOD wamiicantly increased by 54% in the left
ventricle of heart, while SOD activity was not cged in aorta.

At the same time after treatment with the Aliberned wine extract of WKY group of

animals were weren't any significant changes in S&#bvity in any of the abovementioned
tissues and in plasma either.

These data are visualized in the Fig. 13 and Fgafd in Table 12. and Table 13.
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Fig.13 SOD activity in LV of WKY and SHR groups
Table 12. SOD activity in LV of experimental animals.
WKY WKY AWE SHR SHR AWE
U/mI+SD U/mI+SD U/mIxSD U/mIxSD
0,705+0,239| 0,510+0,116 0,529+0,127 | 0,978+0,22&%

*p<0.05 SHR vs SHR Alibernet wine extract
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Data are expressed as mean + SD (n = 3).

Fig. 14 SOD activity in aorta of WKY and SHR groups
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Table 13. SOD activity in aorta of experimental animals.

WKY WKY AWE SHR SHR AWE
U/ml+SD U/ml+SD U/mi+SD U/ml+SD

0,739+0,339 | 0,910+0,339| 0,731+0,155 0,630+0,173

Superoxide level in left ventricle and aorta in amnals with spontaneous hypertension
SHR and WKY.

In this analysis superoxide level was evaluatel@finventricle (LV) and aorta. This is due to
the fact that these tissues are pivotal for thegimaion the whole picture of oxidative stress
in the body. It has been confirmed that rats wigbrdaneous hypertension as well as control
group WKY did not show any significant changeshe tevel of superoxide after Alibernet

wine extract treatment.

Our findings and new results significance and passiapplication together with the
comprehensive analysis of existing published saurace this topic are provided on the

subsequent part of this thesis.
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6 Discussion

Evidence suggests that a diet high in fruits angetebles may decrease the risk of chronic
disease, such as cardiovascular disease, metabsdiase, and to slowdown aging process.
This is due to the plant bioactive compounds swchayphenols and minerals that may play
a key role in the reducing chronic disease riskdaxklopment of pathological alterations.
Being one of the most consumed foodstuffs in Waspapulations red wine and potatoes
nowadays have attracted considerable attention Boientific community due to possible
protective effects toward cardiovascular systenmsdweral large scale epidemiologic studies,
there were proven that positive effects in reducixgdative stress, prevention and even
treatment of cardiovascular and metabolic dis@rdmre attributed to the polyphenols,
minerals and vitamins found in dietary sourceslp,, 19, 37, 241, 251].

Thesis provides numerous data from the experimentthe determination of phenolic and
mineral content in red wines and potatoes. Theiegtmn of red wine extract on two models
of experimental animals of WKY and spontaneouslgdrensive rats (SHR) allowed us to
confirm the positive effects toward NOS activity,paoducer of NO, that mediates the
vasodilatation, and the activity of the SOD, anyeme, which plays an important role in the
functions of endogenous antioxidant system.

The structure of the discussion part reflects gezdic aims of the thesis.

1. The relationships between the antioxidant capacity, phenolic and mineral content
in red wines, red wine extract and potatoes.

At the beginning of study there were two questitm$est, whether the antioxidant capacity
has a direct relationship with the total phenolantent in red wines, and whether this
relationship occurs in different food sources.

The results of the study with the red wines of CabeSauvignon and Merlot grape variety
that also included the dealcoholised wine suggesteat polyphenols are crucial for the
antioxidant capacity. It was found that Caberreaivi&gnon red wine samples had the highest
concentrations of the total polyphenols simultasbowith the highest TAC among the all
wines subjected to the study.

Another decisive role also play variety of grapbss became evident from our experiments,
where Cabernet Sauvignon wines possessed higladrataioxidant capacity together with
the higher TPC, potassium, magnesium, phosphonppet, zinc and vitamin B8content

compared to Merlot red wines.
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Despite considerable variation, the data from tihemoexperimental studies showed that wine
and dealcoholized wine enhances absorption ofwral¢Ca), phosphorus (P), and magnesium
(Mg) and zinc (Zn). This is due to the multiple qooands presented in wine and also due to
the natural acidity of wine which may play a rotedreating a more favorable intraluminal
environment for absorption [252-254].

This enable us to conclude that minerals presantedine are able to reach blood circulation
in required concentrations to exert their effects.

Red wine contains a number of trace elements eaktatthe proper function of endogenous
antioxidant system.

Moreover, copper (Cu), manganese (Mn), selenium &8d zinc (Zn) act as co-factors of
antioxidant enzymes. Despite the requirement tontaen the balance for the redox trace
element such as copper (Cu), which can initiate feslical reactions at the same time it acts
as a co-factor for the Cu/zZn- SOD [255].

Despite the fact that the deficiencies are uncomri@transition to a modern Western diet
has led to a substantial decline in potassium iikgkie. A high K intake has the protect effect
against insulin resistance, cardiovascular diseagkethe development of bone pathologies
though the maintaining Ca homeostasis [159, 16hfrd@ is close relationship between
potassium and magnesium.

This tight connection is illustrated in the studyHumphries et al. [256] and Huerta et al.
[163] which focused on a possible protective rdiedietary Mg in insulin resistance; their
data also demonstrated a high degree of correlatiatietary K with insulin sensitivity. In
fact, it was proposed that abnormalities in celluen homeostasis may be a major link
between cardiovascular and metabolic diseases.[257]

Interestingly, magnesium (Mg) in red wines and &otls were presented in the amounts
relevant to exert the physiological effects. Fatamt, Mg in red wines reached concentration
up to 146 mg/l, and in Alibernet red wine extraas meached concentrations up to 1337 mg/l.
These findings are in correspondence with the iathe literature published for the mineral
content of wines [258-260].

These concentrations of magnesium (Mg) in the rieesvand extract are the same level as in
mineral waters as Magnesia and Donat Mg respegtivell known for their effects in the
treatment of vascular and metabolic disorders [264].

Zinc (Zn) was found as a multipurpose trace elemerdlved besides the prevention of free

radicals formation in immune responses, vascukorders and aging.
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Zn is required for structural and functional iniggiof more than 2000 transcription factors
[262] and 300 enzymes [263]; therefore, almost ygegnalling and metabolic pathway is in
some way dependent on at least one, but oftenaevar-requiring proteins. Recent studies
have shown that Zn plays a crucial role in endadhélO synthase function and in NO
signalling. NO synthases are catalytically activdyoas a dimer of two subunits, the
association of which is stabilised by the tetrahbtinding co-ordination of Zn with thiol
ligands at the dimer interface [264].

The activity of NO synthase is strongly inhibiteglthe formation of peroxynitrite, a product
of superoxide radical reaction with NO, and is cliserelated to peroxynitrite-induced release
of NO synthase-bound Zn.

Since NO synthase expression is dependent on N&ekiBation, it is also possible that Zn
deficiency could influence NO synthase by this nagism [140].

Furthermore, studies by Reiterer et al. [156] inaimerogenic mouse models confirmed in
vivo evidence that zinc deficiency induced proinflaatory events.

This could be an explanation of the effects thatdrelements may have influence the NO
synthase activity we observed in our experiments.

Magnesium and zinc plays a crucial role in ageiragesses. As far as in elderly the deficit of
these minerals are the most common case of thergmsign of insulin resistance,
cardiovascular disease and the neurodegeneratiteratadns in brain function,

supplementation of these element seems to a opsiohaion in many cases [141, 265-267].

On the base of these examples it could be assumédhinerals in red wines could affect the
action of the endogenous antioxidant system, piiyntire antioxidant enzyme activities, as
well as tissue metabolism and cardiovascular diteralevelopment.

This hypothesis was proved in our experimentalttneat of animals with the red wine
extract.

Despite the strong antioxidant activities and oh¢he highest content of polyphenols and
other micronutrients in red wines, several studsé®ws that to achieve the desired
concentrations of these compounds it is need tewuoe the big amounts of wine or grape
juices. The feasible solution of this lies in tlmcentrates that is possible to prepare from the
red wines. In our study, to settle this problene, ¢éixtract with ten times higher concentration
of polyphenols and minerals was used for the treatrof experimental animals of following
models: normotensive and spontaneously hyperteasiveals.

Further details will be discussed in the part 8istussion.
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Potatoes

The similar strong relationships between the amdenxt capacity and phenolic content were
found in potatoes as for the red wines.

At the same time it is need to mention that théoaidtant capacities as well as total phenolc
content of red wines are much higher compared tatpes. Differences also occur in the
principal phenolic compounds. The HPLC analysis hagealed that among the most
abundant phenolics in red wines are anthocyanidsatechins whereas a chlorogenic acid in
potatoes.

These are consistent with results published forwetks and potatoes by other investigators
[268-271].

Similarly, like in red wines results for total astidant capacities and total phenolic content in
twelve potato samples proved the strong relatigsshietween phenolics and antioxidant
properties. It was found that TAC measured by tB3 8 and DPPH resembled trends as in
total phenolics in all potato samples. These figdirelated to the relationships between the
color of flash in potato and the antioxidant powgeconsistent with the results published by
other investigators.

These results allow us to conclude that total podywls contribute in the great extent to the
antioxidant capacities of examined foods and b@e=sa Moreover, this strong positive
correlation between TAC and TPC seems to be uralarsl appears regardless of the type of
the foodstuff.

2. Synergy

The synergistic interaction among the polyphenoisierals and vitamins become the matter
of concern in some recent publications. Authors gared the antioxidant activities of the
single bioactive compounds with the TAC of foodktarid beverages and revealed that the
total antioxidant capacity measured in the fruitsl deverage was higher than the sum of
antioxidant activities of single compounds. An asption was that this occurs due to
synergistic interactions among bioactive compounds.

Boyer et al. [272] published relevant informatiomgarding the antioxidant activities of
apples. The total antioxidant activity of appleghwthe peel was approximately §3nol
vitamin C equivalents, which means that the antiart activity of 100 g apples (about one
serving of apple) is equivalent to about 1500 mgvitdmin C. However, the amount of
vitamin C in 100 g of apples was only about 5.7 [@#@3]. Vitamin C is a powerful

antioxidant, but these authors show that nearlyotlthe antioxidant activity from apples
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comes from a variety of other compounds. Vitamim@pples contributed less than 0.4% of
total antioxidant activity.

This example was consistent with the findings bg tther authors [24, 17]. In our
experiments with the red wines and the antioxideampacities, we found that besides
polyphenols certain minerals may contribute to T#C. The results from the Cabernet
Sauvignon and Merlot red wine analysis show thatewwith lower phenolic content has
higher TAC if it simultaneously has the highestues of Mg, Cu and Zn. However, a sample
high in phenolics did not demonstrate the highésT Tvhen having low mineral content.
Additionally, a positive correlation between thegnasium (Mg) and zinc content (Zn) was
found. This correlation was also confirmed in thsecof red wine extract.

There are some evidences relating to the synergisteractions among polyphenols.
Mertens-Talcott et al. [274] experimentally verifian enhanced effect of quercetin and the
ellagic acid in soft fruits, and particularly in Meadine grape variety. Other investigators are
also considering the possible interactions amondyppenols, and other bioactive
compounds. In a very recent study of Peinado gR@b] it was confirmed that polyphenols
and sugars presented in musts act synergistidallyas demonstrated that polyphenols from
musts are active in inhibiting radicals, while stsyaere highly effective in inhibiting assays
mediated by hydroxyl radical formation. So, differenolecules as DNA, lipids, and sugars
were protected from the oxidation by phenolicsadidition, the deleterious effects of sugars
on proteins could be counteracted by phenolics.

Another important aspect of possible synergy atamin and minerals interactions. In our
study with Cabernet Sauvignon and Merlot winesft#dwin (B;) and pyridoxine (B were
determined. These two vitamins despite the low entrations of the B vitamins found in red
wines, they potentially may affect the metabolism experimental models by their
participation in the reactions of oxidation anduetibn in the case of Riboflavin §Band
transamination and decarboxylation of amino aadbe case of Pyridoxine {B[170].

These interrelationships between vitamins and raleerould be quite important and became
the research topic in several studies.

The most significant example of vitamin action omenal metabolism is the role played by
vitamin D in calcium and phosphorus metabolism. Triterrelationship of vitamin C and
some minerals is also discussed, with emphasistomelationship with iron [276, 15].
Vannucci et al. [276] found the possible interaasicdbetween pyridoxine and zinc. Our
experiments with the red wines also confirmed tbsitive relationship between pyridoxine

and zinc content in Cabernet Sauvignon wines.
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Nowadays it is difficult to evaluate all synergisinteractions, however in recent years new
analytical technologies will achieve the levelssophistication. New scientific approaches
called metabolomics (the intensive study of vernalbnpreviously undetectable metabolites),
nutrigenomics and related strategies will allowetacidate phytochemical complexes and

reveal mechanisms by which bioactive compound dReit effects.
3. Animal studies

The question of bioavalability of polyphenols rengto answer in the upcoming decade. In
our study catechins were measured in plasma ofasisubjected to the experiment (WKY,
SHR).

New analytical HPLC techniques and methods enablesd for the first time

to determine the concentration of catechins in fi@sma of rats with spontaneous
hypertension after three weeks of experimental ifgedwith the red wine extract
and to compare these results with the model of ntensive rats. Catechins are one of the
major groups of phenolics presented in wine [29, 37

In our several experiments it was found that catectvere detected in the plasma of rats of
both models SHR and WKY treated with Alibernet ngthe extract, while in rats of the
control groups these substances were found in dheentration of several times lower or
even have not been identified.

These data on bioavailability of catechins in auo experimental models allow us to better
understand and explain the benefits that are astrilr polyphenols for the vascular health
and the functions of endogenous antioxidant system.

Some increase in catechins concentration was fafted the red wine extract treatment. We
assume that from polyphenols catechins maybe the ores which affect both NOS and
SOD activities.

It is possible that also another polyphenols likthacyanins and phytoalexins have similar
effects. In the relation to this statement pubiaratof Mazza have described the impact of
anthocyanins on stability and total antioxidantamaty of wines [277].

The question of bioavailability of the polyphenotiompounds now is found as a pivotal for
the explaining the mechanism of the effects ofttioactive compounds on the vascular health
and metabolic disorders. In the results sectioa dat the total and single phenolic content
together with the catechins concentration in plasmee given. That allows us to conclude,
that polyphenols were circulated in the blood areenable to increase activities of NOS in

the examined tissues.
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Activities of SOD were also increased in the SHRaited with Alibernet red wine extract
which may indicate that plant bioactive compoundgether with the minerals, such as
magnesium (Mg) and zinc (Zn) are able to changeifes of SOD. This new finding enable
us to suggest that the positive effects of fruitd &egetables are related to the increase in
activity of the endogenous antioxidant enzymes amgancing the antioxidant effects. This
occurs together with the increase of NO productiomportant for the vasodilatation and the
blood flow improvement. This is particularly impant in the case of hypertension, which is
known with the elevated free radical and cytokimedpction, chronic inflammation and the
suppression with the NO production.

Alibernet red wine extract increased both NOS a@d Sctivities only in SHRs, where the
abovementioned harmful effects are described. estns that polyphenols may affect only
pathological mechanisms while they have no actionsormal conditions. Similar effects of
red wine polyphenols were described in L-NAME inedidypertension [76].

This enables us to suggest that polyphenols andomitrient exert their effects only in
models with the developed cardiovascular alteration
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7 Conclusions

The results of the experiments proposed in the Pthé&sis, allow us to make a number of
important new findings on the content of plant lbibge compounds (polyphenols) in
foodstuffs and their role in the antioxidant adyvi In this work, a comprehensive
biochemical analysis of the most consumed foodstuffWestern diet was performed. In
addition to polyphenols other micronutrients sushmanerals were evaluated. Techniques and
methods of integrated assessment of wines and neel @xtract, enabled us to succeed in
experiments with two models of animals WKY and SHR.

The conclusions are:

1. According to our results antioxidant activity iseattly related not only to polyphenols
but also to micronutrients, such as minerals. phesnomenon appears to be universal,

since it was confirmed in wines and potatoes.

2. The content of certain trace elements in wine, dgample, magnesium (Mg) is
comparable to the mineral waters, known for théerapeutic action. Moreover,
contemporary clinical studies found magnesium (Ma)d zinc (Zn) as key
micronutrients in the treatment of cardiovasculad anetabolic diseases. We found,
that Alibernet red wine extract has up to ten foldgher mineral content compared to
red wine and to mineral waters as well. These tesoinfirm that wine could be a rich

source of essential minerals together with polyplhgen

3. Total antioxidant capacity of fruits, wine, juicasd vegetables is higher than the sum
of the potentials of individual substances. Thisurs due to synergistic interactions
among the bioactive substances and micronutriditis. fact was confirmed by our
analysis of wine Cabernet Sauvignon, where it wasnd that in spite of the

polyphenols, wine samples with high content of Md &Zn showed a higher TAC.

4. For the first time catechins were determined inspla of WKY and SHR after
treatment with the red wine extract. Certain cotregions of catechins enable us to
conclude, that these compounds circulate in thedlof experimental animals and
therefore, the effects that we observed on theviactof NOS and SOD may be
attributed to the action of polyphenols.
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5. The activity of NOS and SOD were increased in trmug of experimental animals
with spontaneous hypertension after taking theaekf wine, whereas there were no
changes in normotensive rats. It means that Aldtered wine extract affects only the

vasodilatation and antioxidant system of SHR.

6. Our results demonstrate that modification of SObvag was not due to increases in
superoxide. This was proven by direct measureraésuperoxide radical in heart
(LV) and aorta of the both the SHR and WKY groupbgere no significant changes
were found. The measurement results show thaintlrease in SOD activity was not
induced by the superoxide radical, but could besedumainly by the action of

substances present in the extract such as mirardlpolyphenols.
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9 Appendices

Attachment 1. Phytochemicals classification.
Attachment 2. The main effects of vitamin C.

Attachment 3. The major effects of vitamin E.
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