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SazZetak: Polifenoli predstavljaju jednu od najbrojnijih i najrasprostranje-
nijih skupina sekundarnih biljnih metabolita sa vise od 8.000 polifenolnih
spojeva. Voce, povrée i pica, poput Caja i crnog vina, glavni su izvori
polifenola. Znacajan broj istrazivanja ukazuje na sposobnost odredenih
polifenola da odgode razvoj ateroskleroze. Prema istim, polifenoli
smanjuju talozenje lipida, oksidativni stres, upalu zida krvnog suda,
proliferaciju vaskularnih glatkih misSiénih ¢elija i endotelnu disfunkciju.
Siroka upotreba polifenola zahtijeva dalja istrazivanja biodostupnosti,
apsorpcije i transformacije. Neophodno je utvrdivanje ucinka pojedi-
nacnih polifenola, kao i interakcije s drugim bioaktivnim jedinjenjima,
definisanje dijetalnog referentnog unosa i sigurnost upotrebe u odredenim
subpopulacijama.

Kljuéne rijeci: polifenoli, ateroskleroza, kardiovaskularne bolesti

Summary: Polyphenols represent one of the biggest and most widespread
groups of secondary plant metabolites with more than 8000 polyphenolic
compounds. Fruits, vegetables and beverages such as tea and red wine
are the main sources of polyphenols. A significant number of studies
indicate the ability of certain polyphenols to delay the development of
atherosclerosis. According to the same polyphenols reduce lipid depositi-
on, oxidative stress, inflammation of the blood vessel wall, proliferation
of vascular smooth muscle cells and endothelial dysfunction. The wide-
spread use of polyphenols requires further research on bioavailability,
absorption and transformation. It is necessary to determine the effect of
individual polyphenols as well as the interaction with other bioactive
compounds, define the dietary reference intake and the safety of use in
certain subpopulations.
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Uvod

Polifenoli su spojevi koji u svojoj strukturi sadrze jednu ili vise hidrok-
silnih skupina vezanih izravno na jedan ili viSe aromatskih ugljikovodonika.'?
Predstavljaju jednu od najbrojnijih i najrasprostranjenijih skupina sekundarnih
biljnih metabolita sa vise od 8.000 polifenolnih spojeva.?® Prema strukturi, bi-
oloskoj aktivnosti i biosintetskom putu razlikujemo flavonoide i neflavanoide.*
Flavonoidi su podjeljeni u Sest glavnih potklasa: flavonoli, flavanoni, flavanoli,
flavoni, antocijani i izoflavoni.*® Ostale grupe flavonoida uklju¢uju manje prisutne
halkone, dihidrohalkone, dihidroflavonole, flavan-3,4-diole, kumarine i aurone.?
Neflavonoidi ukljucuju fenolne kiseline (benzojeva kiselina i cimetna kiselina),
stilbene, lignane, tanine i druge polifenole (kurkumin, gingerol).? Glavne izvore
polifenola predstavljaju voce, povrée i pi¢a, poput ¢aja i crnog vina.”*? Njihov
sadrzaj u biljnim proizvodima odreduju pedoklimatski i agronomski uslovi, kao
i stepen zrelosti.” Apsorpcija polifenola je uslovljena fitohemijskim osobinama
(struktura molekula, lipofilnost, konstanta disocijacije i topivost), izravnom inte-
rakcijom s komponentama hrane i faktorima domacina (crijevnim i sistemskim).””
Procjenjeni dnevni unos polifenola iznosi 1g.’

Ateroskleroza predstavlja vode¢i uzrok morbiditeta i mortaliteta u Evropi 1
Sjedinjenim Ameri¢kim Drzavama.®!! DefiniSe se kao hroni¢na upalna bolest zidova
velikih i1 srednjih arterija (predominantno aorte, karotidne arterije, koronarne arterije
i arterije donjih ekstremiteta).® Faktori rizika ateroskleroze su hiperholesterolemija,
hipertenzija, puSenje cigareta, gojaznost, fizicka neaktivnost, godine, porodi¢na ana-
mneza, dijabetes melitus, muski pol, ali i hipertrigliceridemija, hiperhomocisteinemija
i hiperfibrinogenemije.*!"'2 Aterosklerozu uzrokuje hroni¢na upala u zidu krvnog
suda indukovana neuravnotezenim metabolizmom lipida i naru$enim imunoloskim
odgovorom.?® Oksidativna modifikacija LDL holesterola (engl. Low-density lipo-
protein, LDL) (posredovana reaktivnim oblicima kiseonika, mijeloperoksidazom,
lipoperoksidazom, nikotinamid adenin dinukleotid fosfatom) u oksidovani lipoprotein
niske gustine (engl. Oxidized low-density lipoprotein, Ox-LDL), unutar ekstracelu-
larnog matriksa subendotelnog prostora, indukuje endotelnu disfunkciju, stvaranje
pjenastih ¢elija, migraciju i naknadnu proliferaciju glatkih misiénih ¢éelija krvnog
suda (engl. smooth muscle cell, SMC), adheziju i agregaciju trombocita.®!°
Klinicke manifestacije ateroskleroze su uslovljene mjestom razvoja plaka i prisustvom
tromboembolijskih promjena (infarkt miokarda, prolazni ishemijski napad i mozdani
udar, intermitentna klaudikacija, infarkt crijeva).’

Znacajan broj istrazivanja ukazuju na sposobnost odredenih polifenola da
odgode razvoj ateroskleroze.!**° Prema istim, polifenoli smanjuju taloZenje lipida,
oksidativni stres, upalu zida krvnog suda, proliferaciju vaskularnih glatkih misi¢nih
¢elija i endotelnu disfunkciju.!>2°
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Uloga polifenola u razvoju ateroskleroze

Polifenoli modifikuju procese ukljuc¢ene u formiranje, napredovanje i eventualno
puknuce aterosklerotskog plaka.'**Polifenoli mogu zna¢ajno smanjiti apsorpciju lipi-
da inhibiranjem emulzifikacije u tankom crijevu, inhibiranjem aktivnosti pankreasne
lipaze, smanjenjem micelarne rastvorljivosti i precipitacije micelarnog holesterola.!3-1¢
Smanjena apsorpcija holestelola uzrokuje povecanu proizvodnju mitohondrijalne
ribonukleinske kiseline za LDL receptor u jetri.'® Smanjuju produkciju apolipopro-
teina B100 u jetri redukovanjem stvaranja estera holesterola, smanjenjem aktivnosti
acil-CoA holesterol aciltransferaze i smanjenjem aktivnosti mikrosomalnog proteina
za prenos triglicerida.'® Samim tim, polifenoli redukuju koncentraciju LDL-a u ekstra-
celularnom matriksu subendotelnog prostora.®?* Smanjuju koncentraciju triglicerida
putem smanjenja aktivnosti mikrosomalnog proteina za prenos triglicerida i moguceg
povecanja aktivnosti lipoproteinske lipase.!> Smanjena koncentracija triglicerida
modifikuje kaskadu delipidacije, te redukuje koncentraciju LDL-a u plazmi.'

Polifenoli ostvaruju antioksidativno djelovanje na nekoliko nac¢ina.? Najuéin-
kovitiji podrazumjeva neutralizaciju slobodnih radikala (prenos atoma vodonika iz
aktivne hidroksilne grupa polifenola na slobodni radikal).? Sposobnost neutralizacije
slobodnih radikala je uslovljena rasporedom i ukupnim brojem hidroksilnih grupa,
stepenom polimerizacije, glikozidacijom, O-metilacijom 1 2-3 dvostrukom vezom
u konjugaciji s 4-keto grupom.? Antiupalno djelovanje polifenola podrazumjeva
inhibiciju proinflamatornih enzima (lipooksigenaza, ciklooksigenaza-2, inducibilna
azot oksid sintaza, nuklearni faktor-kB, aktiviraju¢i protein-1), te aktivaciju protein
kinaze aktivirane mitogenom, protein kinaze-C, nuklearnog faktora eritroid 2-vezanog
za faktor 2 i enzima faze-II detoksikacije antioksidansa.!®'® Polifenoli mogu inhibirati
proliferaciju vaskularnih glatkih miSi¢nih ¢elija zaustavljanjem Celijskog ciklusau S
fazi mitoze (lomljenje lanca dezoksiribonukleinske kiseline u prisustvu jona bakra)
i apoptozom.!” Nezavisno od svojih antioksidativnih efekata, polifenoli ostvaruju
vazoprotektivno, antiagregaciono, antiaterogeno, vazorelaksantno i antihipertenzivno
djelovanje aktiviranjem proizvodnje vazodilatacionih faktora (azotni oksid, hiperpo-
larizirajuéi faktor izveden iz endotela, prostaciklin), inhibiranjem sinteze vazokon-
striktornog endotelina-1 u endotelnim ¢elijama, te inhibiranjem ekspresije dva glavna
proangiogena faktora, faktora rasta vaskularnog endotela i matriks metaloproteinaze-2
u glatkim miSiénim celijama.”’ U endotelnim ¢éelijama polifenoli poveéavaju nivo
kalcijuma, indukuju redoks-senzitivnu aktivacija fosfatidilinozitol 3 kinaza/Akt pro-
tein kinaza B puta i poveéavaju ekspresiju sintaze azot oksida.?’ U glatkim migi¢nim
¢elijama,se odvija redoks-senzitivna inhibicija aktivacije puta protein kinaze aktivi-
rane mitogenom p38 (inhibicija ekspresije gena vaskularnog endotelnog faktora rasta
aktivirana faktorom rasta trombocita) i redoks-nezavisna inhibicija stvaranja matriks
metaloproteinaze-2 indukovane trombinom.?
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Fenoli crvenog vina inhibiraju oksidaciju LDL, proliferaciju vaskularnih glatkih
misi¢nih Celija i aktiviraju endotelnu azot oksid sintazu.?! Polifenoli nara smanjuju
agregaciju trombocita.?! Flavonoidi tamne ¢okolade poveéavaju plazmatski antiok-
sidativni kapacitet i uzrokuju endotel zavisnu vazodilataciju.”>* Katehini zelenog
¢aja se ugraduju u Cestice LDL i redukuju oksidaciju istih.?* Flavonoidi u listovima
hibiskusa sabdarife inhibiraju oksidaciju LDL-a.?* Fenoli borovnice redukuju aktiv-
nost signalnog puta proliferacije.?' Polifenoli iz ekstradjevi¢anskog maslinovog ulja
suprimiraju nastajanje reaktivnih vrsta kiseonika, pospjesuju nastanak azotnog oksida,
inhibiraju angiogenezu, migraciju i proliferaciju vaskularnih ¢elija i sprecavaju va-
skularne ozljede uzrokovane naprednim krajnjim produktima glikacije.?® Resveratrol,
izorhamnetin, kurkumin i vanilinska kiselina smanjuju oslobadanje proupalnih cito-
kina.?! Resveratrol smanjuje aktivaciju i agregaciju trombocita.?! Kurkumin redukuje
proliferaciju vaskularnih glatkih misi¢nih ¢elija i smanjuje oksidativni stress.?!

Metoda

Literatura je pretrazena koriStenjem kljucnih rijeci: polifenoli, ateroskleroza i
kardiovaskularne bolesti. Pretrazivanje je sprovedeno za period od 2001. do 2022.
godine u okviru slede¢ih baza podataka: PubMed, Emabase, Scopus, SCin-dex i Hr¢ak.
Zbog ogranicenog broja dostupnih studija u pretrazivanju baza nisu koristeni dostupni
filteri. Nakon procitanih sazetaka, radovi su detaljnije prouceni, te su iskljuceni oni
koji ne odgovaraju postavljenom cilju istrazivanja.

Ateroprotektivni ucinak polifenola

Znacajan broj istrazivanja na zivotinjama su utrvdili integralnu povezanost
polifenola s razvojem ateroskleroze.””* Istrazivanje u Australiji ustanovilo je da
specificni polifenoli u ishrani, predominantno kvercetin i teaflavin, mogu usporiti
aterosklerozu kod miSeva s uklonjenim genom za apolipoproteina E.”” Prema istom,
ateroprotektivni ucinak ishrane bogate vo¢em i povréem dijelom moze biti rezultat
ucinka flavonoida.?’ Istrazivanja na miSevima s uklonjenim genom LDL receptora
utvrdila su da upotreba voca i povrca ekvivalentna 8-9 porcija voca i povréa kod ljudi
usporava razvoj aterosklerotskog plaka uzrokovanog aterogenim prehranom.* Sli¢na
istrazivanja u Izraelu potvrdila su ateroprotektivno djelovanje polifenola grozda.”
Istrazivanje s novozelandskim kuni¢ima na ateroskleroti¢noj ishrani u Spaniji uo¢ilo
je ateroprotektivno djelovanje komponenti ekstradjevi¢anskog maslinovog ulja.*
Hidroksitirozol je pobolj$ao funkciju endotela, dok je skvalen smanjio fibrozu plaka.*

Ateroprotektivni u¢inak polifenola bio je predmet mnogobrojnih istrazivanja
s ljudima.’'~*¥ Multicentri¢na, randomizovana, kontrolisana studija PREDIMED u



UTICAJ POLIFENOLA NA RAZVOJ] ATEROSKLEROZE 49

Spaniji, u trajanju od 8 godina, u kojoj je uéestvovalo 7.447 osoba s visokim rizikom
za razvoj kardiovaskularnih bolesti, ustanovila je da mediteranska dijeta na bazi
povréa bogatog nezasicenim masnim kiselinama, oboga¢ena maslinovim uljem,
usporava progresiju supklini¢ke ateroskleroze (mjerene ultrazvukom karotidnih arte-
rija).’! Podstudija PREDIMED studije, u kojoj je u¢estvovalo 1.139 osoba s visokim
rizikom za razvoj kardiovaskularnih bolesti, uodila je znacajnu inverznu korelaciju
izmedu jednogodiSnjeg unosa polifenola i cirkuliSu¢ih inflamatornih molekula
povezanih s aterosklerozom.** Dvostruko slijepo randomizovano unakrsno kontro-
lisano istrazivanje s 24 odrasle Zenske osobe prosjecne starosti 26 godina potvrdilo
je ateroprotektivnu ulogu polifenola.’* Prema istom, ishrana bogata polifenolima
poboljsava funkciju endotela, ¢ime se stimuliSe sistem azot oksid sintaze i smanjuje
oksidacija LDL (predominantno hidroksitirosol i njegovi derivati).*> Prospektivna
kohortna studija u Danskoj tokom 23 godine, u kojoj je ucestvovalo 53.552 osobe,
utvrdila je da je unos polifenola (1000 mg/dan) povezan s 14% manjim rizikom od
aterosklerotskih kardiovaskularnih bolesti (9% ishemijska bolest srca, 9% ishemijski
mozdani udar i 32% bolest perifernih arterija).>* Najsnaznija asocijacija je potvrdena
bolest u bolesti perifernih arterija i aterosklerotske kardiovaskularne bolesti pusaca i
osoba s zloupotrebom alkohola.’* Pretile osobe su imale nisku povezanost, §to bi se
moglo objasniti promjenom u crijevnom mikrobionu i naruS§enom biokonverzijom
flavonoida u debelom crijevu.?*** Dvostruko slijepo randomizovano kontrolisano
istrazivanje u Madarskoj medu osobama sa infarktom miokarda ustanovilo je da unos
resveratrola (bez konzumiranja alkohola) usporava razvoj ateroskleroze kod osoba sa
koronarnom arterijskom bolesc¢u.* Istrazivanje medu 558 muskaraca starosti 4049
godina s povisenim ukupnim holesterolom u serumu i/ili visokim koronarnim rizi-
kom utvrdilo je da konzumacija voca i bobicastog voc¢a bogatog polifenolima moze
usporiti napredovanje ateroskleroze karotidnih arterija.’” Metaanaliza 7 studija, koje
su ukljucivale 133 ucesnika koji su koristili raznovrsnu hranu i suplemente bogate
hidroksitirosolom, kvercetinom i resveratrolom (45-1015 mg/100 g), u trajanju do
145 dana, ustanovile su redukciju lipida i inflamatornih markera.®

S druge strane, istrazivanje miSeva s uklonjenim genom Apolipoproteina E u
Sjedinjenim Ameri¢kim Drzavama utvrdilo je da polifenoli crvenog vina ne smanjuju
veli¢inu formiranog aterosklerotskog plaka, kao ni sadrzaj kolagena u istim.* Sli¢no
istrazivanje u Kanadi uocilo je da katehin u mladih miseva $titi od razvoja atero-
skleroze.* U starijih miSeva s razvijenim aterosklerotskim plakom katehin pogoduje
daljoj endotelnoj disfunkciji i adheziji leukocita.*® Sistematski pregled i metaanaliza
35 prospektivnih kohortnih istrazivanja u Ceskoj uoéila je da umjereno pijenje crnog
¢aja, manje od 4 Solje dnevno, ima ateroprotektivan u¢inak, dok konzumacija od 4 do 6
Solja dnevno predisponira aterosklerozu.*® Ovaj u¢inak je uslovljen sadrzajem kofeina
u crnom ¢aju.*'U istom istrazivanju je postojala zna¢ajna inverzna korelacija izmedu
pijenja zelenog Caja i razvoja ateroskleroze u azijskoj. ali ne i zapadnoj populaciji.*!
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Istrazivanja u Kini utvrdila su da konzumiranje voc¢a bogatog polifenolima nema ate-
roprotektivni u¢inak u osoba s visokim rizikom od kardiovaskularnih bolesti.** Jedan
od mogucih razloga je da vise od Cetvrtine navedene populacije ima hiperglikemiju
koja se pogorsava visokim unosom fruktoze.*

Zakljucak

Polifenoli mogu smanjiti oksidativni stres, upalu zida krvnog suda, proliferaciju
vaskularnih glatkih miSi¢nih ¢elija i endotelnu disfunkciju. Znacajan broj istrazivanja
ukazuje na sposobnost odredenih polifenola da odgode razvoj ateroskleroze. Samim
tim, suplementacija polifenolima predstavlja potencijalnu alternativu tradicionalnim
farmakoloskim sredstvima s relativno ograni¢enim nuspojavama. Siroka upotreba
polifenola zahtijeva dalja istrazivanja biodostupnosti, apsorpcije i transformacije.
Neophodno je utvrdivanje u¢inka pojedinacnih polifenola, kao i interakcije s drugim
bioaktivnim jedinjenjima, definisanje dijetalnog referentnog unosa i sigurnost upotrebe
u odredenim subpopulacijama.
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THE INFLUENCE OF POLYPHENOLS
ON ATHEROSCLEROSIS DEVELOPMENT

Summary: Polyphenols represent one of the biggest and most widespread
groups of secondary plant metabolites with more than 8000 polyphenolic
compounds. Fruits, vegetables and beverages such as tea and red wine
are the main sources of polyphenols. A significant number of studies
indicate the ability of certain polyphenols to delay the development of
atherosclerosis. According to the same polyphenols reduce lipid depositi-
on, oxidative stress, inflammation of the blood vessel wall, proliferation
of vascular smooth muscle cells and endothelial dysfunction. The wide-
spread use of polyphenols requires further research on bioavailability,
absorption and transformation. It is necessary to determine the effect of
individual polyphenols as well as the interaction with other bioactive
compounds, define the dietary reference intake and the safety of use in
certain subpopulations.

Key words: polyphenols, atherosclerosis, cardiovascular diseases

Introduction

Polyphenols are compounds that in their structure contain one or more hydroxyl
groups attached directly to one or more aromatic hydrocarbons'2. They represent one
of the most numerous and widespread groups of secondary plant metabolites with more
than 8000 polyphenolic compounds?®®. According to the structure, biological activity
and biosynthetic pathway, we distinguish between flavonoids and non-flavonoids*.
Flavonoids are divided into six main subclasses: flavonols, flavanones, flavanols,
flavones, anthocyanins and isoflavones*®. Other groups of flavonoids include less
abundant chalcones, dihydrochalcones, dihydroflavonols, flavan-3,4-diols, coumarins
and aurones?. Non-flavonoids include phenolic acids (benzoic acid and cinnamic acid),
stilbenes, lignans, tannins and other polyphenols (curcumin, gingerol)’. The main
sources of polyphenols are fruits, vegetables and drinks such as tea and red wine”*?.

! Marijana Jandri¢-Ko¢i¢, Dom zdravlja Krupa na Uni, Banjaluka, Republika Srpska, e-mail:
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Their content in plant products is determined by pedoclimatic and agronomic con-
ditions, as well as the degree of maturity’. Absorption of polyphenols is conditioned
by phytochemical properties (molecular structure, lipophilicity, dissociation constant
and solubility), direct interaction with food components and host factors (intestinal
and systemic)’’. The estimated daily intake of polyphenols is 1g’.

Atherosclerosis is the leading cause of morbidity and mortality in Europe and
the United States of America®!!. It is defined as a chronic inflammatory disease of the
walls of large and medium arteries (predominantly the aorta, carotid arteries, coronary
arteries and arteries of the lower extremities)®. Risk factors for atherosclerosis are
hypercholesterolemia, hypertension, cigarette smoking, obesity, physical inactivity,
age, family history, diabetes mellitus, male sex, but also hypertriglyceridemia, hyper-
homocysteinemia and hyperfibrinogenemia®'!'2. Atherosclerosis is caused by chronic
inflammation in the blood vessel wall induced by unbalanced lipid metabolism and
impaired immune response®’. Oxidative modification of LDL cholesterol (low-density
lipoprotein, LDL) (mediated by reactive oxygen species, myeloperoxidase, lipope-
roxidase, nicotinamide adenine dinucleotide phosphate) into oxidized low-density
lipoprotein (Ox-LDL) within the extracellular matrix of the subendothelial space
induces endothelial dysfunction, formation of foam cells, migration and subsequent
proliferation of blood vessel smooth muscle cells (SMC), adhesion and aggregation
of platelets®!?. Clinical manifestations of atherosclerosis are conditioned by the place
of plaque development and the presence of thromboembolic changes (myocardial
infarction, transient ischemic attack and stroke, intermittent claudication, intestinal
infarction)’.

A significant number of studies indicate the ability of certain polyphenols to delay
the development of atherosclerosis'**°. According to the same polyphenols reduce
lipid deposition, oxidative stress, inflammation of the blood vessel walls, proliferation
of vascular smooth muscle cells and endothelial dysfunction!*2°,

The influence of polyphenols on atherosclerosis development

Polyphenols modify the processes involved in the formation, progression and
eventual rupture of atherosclerotic plaque!**. Polyphenols can significantly reduce
lipid absorption by inhibiting emulsification in the small intestine, inhibiting pancreatic
lipase activity, reducing micellar solubility and precipitation of micellar choleste-
rol*-'. Reduced cholesterol absorption causes increased production of mitochondrial
ribonucleic acid for the LDL receptor in the liver'®. They reduce the production of
apolipoprotein B100 in the liver by reducing the formation of cholesterol esters,
reducing the activity of Acyl-CoA cholesterol acyltransferase and reducing the acti-
vity of microsomal protein for the transfer of triglycerides'. Therefore, polyphenols
reduce the concentration of LDL in the extracellular matrix of the subendothelial
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space®?. They reduce the concentration of triglycerides by reducing the activity of
the microsomal protein for the transfer of triglycerides and possibly increasing the
activity of lipoprotein lipase'®. A reduced concentration of triglycerides modifies the
delipidation cascade and reduces the concentration of LDL in plasma'>. Polyphenols
exert antioxidant activity in several ways?. The most effective involves the neutra-
lization of free radicals (transfer of hydrogen atoms from active hydroxyl groups of
polyphenols to free radicals)®. The ability to neutralize free radicals is conditioned
by the arrangement and total number of hydroxyl groups, the degree of polymeri-
zation, glycosidation, O-methylation and 2-3 double bonds in conjugation with the
4-keto group?. The anti-inflammatory effect of polyphenols involves the inhibition of
pro-inflammatory enzymes (lipoxygenase a, cyclooxygenase-2, inducible nitric oxide
synthase, nuclear factor-kB, activating protein-1) and activation of mitogen-activated
protein kinase, protein kinase-C, nuclear factor erythroid 2-related factor 2 and phase-II
enzymes of antioxidant detoxification'® '*. Polyphenols can inhibit the proliferation
of vascular smooth muscle cells by arresting the cell cycle in the S phase of mitosis
(deoxyribonucleic acid chain breaking in the presence of copper ions) and apoptosis®.
Independently of their antioxidant effects, polyphenols achieve vasoprotective, antia-
ggregative, antiatherogenic, vasorelaxant and antihypertensive effects by activating the
production of vasodilating factors (nitric oxide, hyperpolarizing factor derived from
the endothelium, prostacyclin), by inhibiting the synthesis of vasoconstrictor endothe-
lin-1 in endothelial cells, and by inhibiting the expression of two main proangiogenic
factor, vascular endothelial growth factor and matrix metalloproteinase-2 in smooth
muscle cells?. In endothelial cells, polyphenols increase the level of calcium, induce
redox-sensitive activation of the phosphatidylinositol 3 kinase/Akt protein kinase B
pathway and increase the expression of nitric oxide synthase®. In smooth muscle cells,
there is a redox-sensitive inhibition of the activation of the p38 mitogen-activated
protein kinase pathway (inhibition platelet-derived growth factor-activated vascular
endothelial growth factor gene expression) and redox-independent inhibition of
thrombin-induced matrix metalloproteinase-2 formation®.

Red wine phenols inhibit LDL oxidation, vascular smooth muscle cell proli-
feration and activate endothelial nitric oxide synthase?'. Pomegranate polyphenols
reduce platelet aggregation?®!. Dark chocolate flavonoids increase plasma antioxidant
capacity and cause endothelium-dependent vasodilation®*?*. Green tea catechins are
incorporated into LDL particles and reduce their oxidation*. Flavonoids in hibiscus
sabdarife leaves inhibit LDL oxidation®. Blueberry phenolics reduce the activity of
the proliferation signaling pathway?'. Polyphenols from extra virgin olive oil suppress
the formation of reactive oxygen species, promote the formation of nitric oxide, inhibit
angiogenesis, migration and proliferation of vascular cells and prevent vascular injuries
caused by advanced glycation end products®. Resveratrol, isorhamnetin, curcumin and
vanillic acid reduce the release of pro-inflammatory cytokines?'. Resveratrol reduces
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platelet activation and aggregation®!. Curcumin reduces the proliferation of vascular
smooth muscle cells and reduces oxidative stress?!.

Method

The literature was searched using the keywords: polyphenols, atherosclerosis
and cardiovascular diseases. The search was conducted for the period from 2001.
until 2022 within the following databases: PubMed, Emabase, Scopus, SCin-dex
and Hrcak. Due to the limited number of available studies, no available filters
were used in the database search. After the summaries were read, the papers were
studied in more detail and those that did not correspond to the research objective
were excluded.

Atheroroprotective effect of polyphenol

A significant number of animal studies confirmed the integral association of
polyphenols with the development of atherosclerosis*’=*°. Research in Australia
found that specific dietary polyphenols, predominantly quercetin and theaflavin,
could slow atherosclerosis in mice with the apolipoprotein E27 gene removed.
According to the same, the atheroprotective effect of a diet rich in fruits and ve-
getables can partly be the result of the effect of flavonoids?’. Research on mice
with the LDL receptor gene removed determined that the consumption of fruits
and vegetables equivalent to 8-9 servings of fruits and vegetables in humans
slows down the development of atherosclerotic plaque caused by an atherogenic
diet?®. Similar research in Israel confirmed the atheroprotective effect of grape
polyphenols®. Research with New Zealand rabbits on an atherosclerotic diet in
Spain observed the atheroprotective effect of components of extra virgin olive
0il*°. Hydroxytyrosol improved endothelial function, while squalene reduced
plaque fibrosis®.

The atheroprotective effect of polyphenols has been the subject of numerous
studies with humans?®'-3¥, The multicenter, randomized, controlled study PREDI-
MED in Spain lasting 8 years in which 7447 people at high risk for developing
cardiovascular disease participated found that a Mediterranean diet based on
vegetables rich in unsaturated fatty acids enriched with olive oil slows the pro-
gression of subclinical atherosclerosis (measured by ultrasound of the carotid
arteries )*'. A substudy of the PREDIMED study in which 1139 individuals at
high risk for cardiovascular disease participated observed a significant inverse
correlation between one-year intake of polyphenols and circulating inflammatory
molecules associated with atherosclerosis®?. A double-blind randomized crossover
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controlled study with 24 female adults with an average age of 26 years confirmed
the atheroprotective role of polyphenols®. According to the same, a diet rich
in polyphenols improves the function of the endothelium, which stimulates the
nitric oxide synthase system and reduces the oxidation of LDL (predominantly
hydroxytyrosol and its derivatives)®*. A 23-year prospective cohort study in Den-
mark involving 53,552 individuals found that polyphenol intake (1000 mg/day)
was associated with a 14% lower risk of atherosclerotic cardiovascular disease (9%
ischemic heart disease, 9% ischemic stroke and 32 % peripheral artery disease)®*.
The strongest association is the confirmed disease in peripheral artery disease and
atherosclerotic cardiovascular disease in smokers and people with alcohol abuse
disease*. Obese people had a low association, which could be explained by a
change in the intestinal microbiota and impaired bioconversion of flavonoids in
the large intestine***>. A double-blind randomized controlled study in Hungary
among people with myocardial infarction found that resveratrol intake (without
alcohol consumption) slows down the development of atherosclerosis in people
with coronary artery disease®. A study among 558 men aged 40-49 years with
elevated serum total cholesterol and/or high coronary risk determined that the
consumption of fruits and berries rich in polyphenols can slow down the pro-
gression of atherosclerosis of the carotid arteries’’. A meta-analysis of 7 studies
involving 133 participants who used a variety of foods and supplements rich in
hydroxytyrosol, quercetin and resveratrol (45-1015 mg/100 g) for up to 145 days
found a reduction in lipids and inflammatory markers?®.

On the other hand, a study of mice with the Apolipoprotein E gene removed
in the United States of America determined that the polyphenols of red wine do not
reduce the size of the formed atherosclerotic plaque, nor the content of collagen
in the same®. A similar study in Canada observed that catechin in young mice
protects against the development of atherosclerosis40. In older mice with deve-
loped atherosclerotic plaque, catechin favors further endothelial dysfunction and
leukocyte adhesion*’. A systematic review and meta-analysis of 35 prospective
cohort studies in the Czech Republic observed that moderate drinking of black
tea, less than 4 cups per day, has an atheroprotective effect, while consumption
of 4 to 6 cups per day predisposes to atherosclerosis*. This effect is conditioned
by the caffeine content in black tea*'. In the same study, there was a significant
inverse correlation between drinking green tea and the development of atherosc-
lerosis in the Asian but not in the Western population4'. Research in China found
that consumption of fruit rich in polyphenols does not have an atheroprotective
effect in people with a high risk of cardiovascular diseases42. One of the possible
reasons is that more than a quarter of the mentioned population has hyperglycemia,
which is aggravated by high fructose intake*.
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Conclusion

Polyphenols can reduce oxidative stress, inflammation of the blood vessel
wall, proliferation of vascular smooth muscle cells and endothelial dysfunction. A
significant number of studies indicate the ability of certain polyphenols to delay the
development of atherosclerosis. Therefore, supplementation with polyphenols re-
presents a potential alternative to traditional pharmacological agents with relatively
limited side effects. The widespread use of polyphenols requires further research on
bioavailability, absorption and transformation. It is necessary to determine the effect
of individual polyphenols as well as the interaction with other bioactive compounds,
define the dietary reference intake and the safety of use in certain subpopulations.
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