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Cardiovascular diseases represent one of the most notable
health problems of the modern civilization. Stroke and
heart attack often lead to lethal outcome; essential problem
underneath being thrombus formation. Prophylactic appro-
aches include acetylsalicylic acid and clopidogrel therapy
on the level of primary hemostasis, i.e., primary clot forma-
tion. In the last five years, in the USA, health care expenses
related to cardiovascular diseases have increased 50 %, to
over 350 billion dollars. Thus, application of plant species
and medicinal plants rich in polyphenols in prevention of
thrombus formation are of interest. This is supported by the
fact that the number of publications on antiaggregatory
effect of polyphenols has doubled in the last decade. In this
review we focus on antiaggregatory effect of most abundant
polyphenols — flavonoids, the effect of plant extracts rich in
polyphenols (propolis, species Salvia sp., Calamintha nepeta
L., Lavandula angustifolia Mill., Melissa officinalis L, Mentha x
piperita L., Ocimum basilicum L., Origanum vulgare L., Rosmarinus
officinalis L) on platelet aggregation, association of chemical
composition and antioxidant properties with the observed
biological effect, and possible clinical significance of the
published results.

Keywords: platelet aggregation, polyphenols, plant species,
cardiovascular diseases

INTRODUCTION

Every year the American Heart Association publishes an update on heart disease and
stroke statistics (1). Numbers from this report are overwhelming; cardiovascular diseases
are underlying cause of death of over 840 thousand people in the USA, i.e., death of every
third person. This represents a significant burden to health care system generating over
351.2 billion US dollars of direct costs, loss of productivity and mortality. As total direct
medical costs of cardiovascular diseases are projected to increase to 749 billion US dollars
in 2035 (1), prevention and supportive therapy are of interest.

* Correspondence; e-mail: mbojic@pharma.hr
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In 2016, coronary heart diseases were accounted for 43 % of deaths followed by stroke
(17 %), high blood pressure (10 %), heart failure (9 %), diseases of the arteries (3 %), and
other cardiovascular diseases (1-3). Underlying cause, in some cases can be attributed to
the formation of thrombus, a blood clot that can obstruct blood vessels and cause stroke or
heart attack. In case of acute myocardial infarction, acetylsalicylic acid is indicated to over
98 % of patients in doses up to 100 mg daily to prevent platelet aggregation, i.e., clinical
manifestation of atherosclerosis (1, 4). While acetylsalicylic acid acts on cyclooxygenase 1
preventing generation of thromboxane A,, a strong inducer of platelet aggregation, clopi-
dogrel represents another antiplatelet drug of choice acting as antagonist of adenosine
diphosphate (ADP), a weak inducer of platelet aggregation (5). However, these drugs do
not come without side effects; acetylsalicylic acid hydrolyses to salicylic acid that causes
gastrointestinal adverse effects, and clopidogrel can cause thrombotic thrombocytopenic
purpura (6).

Flavonoids represent a diverse class of compounds found in higher plants, including
vegetables and fruits, well known due to their antioxidant properties. Albert Szent-Gyorgyi,
a Nobel laureate known for his work on vitamin C, discovered flavonoids and classified them
as vitamins: bioflavonoids of vitamin P (7). Flavonoids have core chromone skeleton to
which phenyl is bound at a position 2 (flavonoids) or 3 (isoflavonoids) (Fig. 1). Classification
is based on the structure of ring C, while diversity comes from hydroxylation and subse-
quent methylation and glycosidation of hydroxyl groups. There are over 4.000 possible
flavonoids, and many of them have been subject to research due to their beneficial effects
in vitro (antibacterial, antiviral, antifungal, hepatoprotective, immunomodulating, etc.) (8).

As we have been evolutionary exposed to flavonoids through diet, humans have deve-
loped mechanism how to deal with these xenobiotics. Flavonoids similarly to vitamins are
stipulated as safe substances in doses not superseding recommended daily intakes.
Consequently, flavonoids are subject of research as dietary supplements as well as lead
compounds in drug design.

One of the positive effects that has been of interest is antiplatelet activity of flavonoids,
i.e., prevention of primary clot formation by inhibiting platelet aggregation. While anti-
aggregatory effect of flavonoids was of interest in the 20" century, in vitro concentrations
to observe the effect were extremely high (100 fold greater than concentration of flavonoids
achieved in vivo). In 1998, Janssen et al. (9) concluded that “the antiaggregatory effects of

\ Diversity:
\ - Hydroxylation
' Methylation
] - Glycosidation

’ /
4 /
/ ’
]
I
1
\ Classification:
‘\ - Single/double bond C2-C3
\\ - Hydroxyl group at C3
\-_¢/ - Keto group at C4

Fig. 1. Structural features of flavonoids. Flavonoids are classified based on the structural features of
the ring C. Diversity comes from the hydroxylations, and subsequent methylations or glycosidations.
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flavonoids seen in vitro are due to concentrations that cannot be attained in vivo”. Moreover,
they added “effects of dietary flavonols and flavones on cardiovascular risk are possibly
not mediated by hemostatic variables” (9).

Antiplatelet activity of flavonoids was revisited a decade later, as methodology of plate-
let aggregation analysis was improved. Although optical aggregometry represents golden
standard for platelet function analysis, impedance aggregometry was developed enabling
analysis on whole blood and making a step closer to biological system, i.e., tissue (10).

In this review we focus on antiaggregatory effect of most abundant polyphenols —
flavonoids, the effect of plant extracts rich in polyphenols on platelet aggregation, associa-
tion of chemical composition and antioxidant properties with the observed biological effect,
and possible clinical significance of the published results.

EXPERIMENTAL DETERMINATION OF PLATELET AGGREGATION
AND RESULTS EXPRESSION

Many studies of flavonoids effect on platelet aggregation do not incorporate differ-
ences between individuals. Quite often studies were performed by optical aggregometry
using platelet rich plasma of one individual (11). Having in mind that the normal range
varies up to 4-5 folds between lower and upper limits, the effect of interindividual differ-
ences was undermined.

Results are usually expressed as inhibitory concentration that reduces aggregation by
50 % (ICsp). Although most often used, ICj, is far from ideal value for expressing results as
it is highly dependent on experimental set up, consequently it requires positive control to
be able to compare results to other studies. When our group started research on flavonoids
antiaggregatory activity, our main concern was to include inter individual differences
within the algorithm for determination of minimal concentration of flavonoid or plant
extract that causes statistically significant reduction of platelet aggregation (Fig. 2). Platelet
aggregation follows normal distribution enabling the use of Student’s t-test for the assess-
ment of significance. Minimal number of blood samples needed is three (12). In principle,
minimal antiaggregatory concentration (MINaAC) determination does not require the use
of positive control.

Protocol that was used was generic procedure used for analysis of controls, e.g., acetyl-
salicylic acid in platelet aggregation assay induced by arachidonic acid: 300 pL of blood is
diluted with 300 uL of physiological solution, 20 uL of inhibitor are added, and reaction is
started by introducing agonist of aggregation (13). Commercially available inducers
include ADP, thrombin receptor-activating peptide (hexapeptide, TRAP-6), collagen,
arachidonic acid, ristocetine. The advantage of using different agonists of aggregation is
assessment of different signaling pathways that are inhibited.

Quite often concentrations of extract are arbitrarily used in the studies, e.g., grape
(Vitis vinifera L.) seed extracts reduced platelet aggregation in the test induced by ADP in
relatively high concentrations of 7.5 and 15 g L, equivalent of 25 and 50 mmol L if recal-
culated to molarity based on quercetin molar mass (302.24 g mol™) (14).

Other issue is that quite often results of platelet aggregation assays are not related to
the chemical composition of the extract. Walnut (Juglans regia L.) hull extract showed anti-
platelet activity at the concentration of 25 mg L™ (8.2 umol L™ of quercetin equivalent) in
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Fig. 2. Determination of minimal antiaggregatory concentration (MINaAC) of propolis. Result of
platelet aggregation assay, that shows reduction in platelet aggregation measured as area under
curve of more than 5 % (extract tested vs. solvent control), has to be confirmed with two additional
citrate blood sampled of different donors. If analyzed concentration of extract shows statistically
significant difference (tested by Student’s t-test), this concentration is regarded MINaAC. Original
figure describing methodology of MINaAC determination for prunetin was published in ref. 11 (©
Boji¢ et al.; licensee BioMed Central Ltd. 2011).

platelet aggregation assay induced by thrombin (15). This was presumed to be due to poly-
phenolic composition of the extract. However, no statistical analysis was conducted to
support this claim.

THE EFFECT OF FLAVONOIDS AND PLANT EXTRACTS ON PLATELET AGGREGATION

ADP is a weak agonist of platelet aggregation, and is secreted from platelets upon
activation by any other inducer of aggregation. Thus, even a weak inhibitor of platelet
aggregation should be detected in this platelet aggregation test induced by ADP. Analysis
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of a set of 30 flavonoid aglycones showed that all tested flavonoids exhibit inhibitory effect
on platelet aggregation in the range of 0.12 umol L™ (3,6-dihydroxyflavone, syringetin) to
122 pmol L™ (galangin, fisetin) (12).

Structure-activity relationship analysis showed that antiaggregatory activity of flavo-
noids is highly dependent of the C-ring structure that determines the class of compounds.
If double bond is present between C2 and C3 it increases antiaggregatory activity of flavo-
noids in case of non-methylated flavonoids. Most active flavonoids possess hydroxyl group
at the position 6. Methylation of rings A and B decreases antiplatelet activity. Catechins are
the most potent class of flavonoids, while isoflavonoids exert the lowest antiplatelet activ-
ity (12).

Although our group was mainly focused on flavonoid aglycons, antiaggregatory effect
was observed with flavonoid glycosides as well. Scolymoside, i.e., luteolin-7-O-rutinoside
showed antiaggregatory effect at the concentration of 5 pmol L™ in the platelet aggregation
assay induced by thrombin, while its aglycon luteolin showed similar results in platelet
aggregation assay induced by ADP (MINaAC = 7.6 umol L) (16). Wogonin, a flavone isolated
from Scutellaria baicalensis Georgi, showed in its glycoside form, wogonin-7-O-glucuronide,
antiaggregatory effect at 5 umol L™ in platelet aggregation test induced by thrombin (17).
Vicenin-2, a C-glycoside present in Cyclopia subternata Vogel, showed antiaggregatory activity
in platelet aggregation assay induced by thrombin at concentration of 5 pmol L™ (18).

Mechanisms of antiplatelet action of individual flavonoids have been studied and
include: change of bilayer function, change in ROS concentrations and oxidative stress,

Table I. Possible mechanism of antiplatelet activity of individual flavonoids

Mechanism of action Influence on platelet aggregation Reference
Change of bilayer function | quercetin, naringenin, hesperetin 19

| epicatechin 20,21

| hesperetin 22
Oxidative stress <> hesperetin 23

1 hesperetin (via xanthine oxidoreductase) 24

1 baicalein, morin, myricetin, quercetin, rutin 25

| hesperetin 22,26
Intracellular Ca* concentration | 3,6-dihydroxyflavone 27
1 isorhamnetin, isosakuranetin 22
Inhibition of phospholipase C | quercetin, apigenin, catechin, tamarixetin 28, 29
L . | hesperetin 30
Inhibition of cAMP phosphodiesterase . . .
| luteolin, quercetin, apigenin 31
| hesperetin, quercetin 26, 32

Inhibition of cyclooxygenase . .
| luteolin, kaempferol, hesperetin, naringenin 32

Inhibition of thromboxane A, synthase | epicatechin 33

Influence on platelet aggregation: | decrease, <> no influence, 1 increase
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change of intracellular Ca®" concentration, inhibition of enzymes (phospholipase C, cAMP
phosphodiesterase, cyclooxygenase, thromboxane A, synthase) (19-33) (Table I). As all
flavonoids showed antiplatelet activity in platelet aggregation assay induced by ADP, a
common, non-specific mechanism of action was assumed rather than focusing on indi-
vidual flavonoid mode of action, through one of the aforementioned mechanisms. Most
flavonoids are highly lipophilic and stabilization of platelet membrane could be common
mode of action explaining why all of the flavonoids possess antiaggregatory effect in ADP
induced platelet aggregation assay. MINaAC values were related to lipophilicity (com-
puted logarithm of partition coefficient, ClogP) showing strong negative correlation R =
-0.758 (p = 0.007) for flavones and moderate negative correlation R =-0.592 (p = 0.020) for
combined groups of flavones and flavanones (34). Also, all-methylated counterpart of fla-
vonoid aglycons have greater antiaggregatory potential as shown on pentamethylquercetin
(35). Pentamethylquercetin is more lipophilic in comparison to quercetin (ClogP 3.2 vs. 1.5
respectively), and it shows antiaggregatory activity in assays of platelet aggregation
induced by ADP, collagen and thrombin at the concentration of 10 pmol L™ (MINaAC of
quercetin is 15 umol L) (12, 35).

Further experiments showed that most potent flavonoid found in our library is flava-
none. As lipophilicity is related to antiplatelet activity our assumption was that flavonoids
inhibit platelet aggregation by stabilizing platelet membrane, a key point of platelet aggrega-
tion. When activated, platelets expose increased number of receptors at cell surface. If flavo-
noids stabilize the membrane, number of exposed receptors should decrease. This was con-
firmed by flow cytometry, in which 488 pmol L™ flavanone inhibited inside-out expression
of integrin allbB3 by cca. 40 % in a platelet aggregation assay induced by TRAP-6 (34).

While antiaggregatory effect of flavonoids is well described in the literature, proaggre-
gatory activity of flavonoids was first reported by our group (11). Polyhydroxylated
flavonoids in the platelet assay induced by arachidonic acid induced platelet aggregation.
As flavonoids act as antioxidants, they stimulate peroxide activity of prostaglandin H
synthase, i.e., biotransformation of prostaglandin G, to prostaglandin H,. Prostaglandin
H, is further converted to thromboxane A, (by thromboxane A, synthase), and both of
these eicosanoids stimulates platelet aggregation.

In the last decade, influence of plants on platelet aggregation has been increasingly
studied. Plant extracts represent complex mixtures that requires chemical characterization.
Even with extensive analysis of composition, it is not always easy to pin point constituents
responsible for the observed effect. Three cases in which antiplatelet activity of plant
extracts was related to either one compound, several compounds or antioxidant capacity
are discussed.

Melissa officinalis L. is a shrub plant that has characteristic smell of lemon justifying its
English name lemon balm. Major constituents of lemon balm leaves extracts are flavonoids
and phenolic acids. While effect of lemon balm extracts on platelet aggregation induced by
ADRP is relatively small, i.e, up to 18 % reduction of platelet aggregation, it is statistically
significant and can be related to the content of rosmarinic acid (36). Dihydroxymyricetin-3-
-O-a-thamnoside was found to be one of the major phenolic constituents responsible for
antiaggregatory effect of Licania cruegeriana Urb. extracts (37). This compound has shown
inhibition of platelet aggregation in assays induced by collagen, arachidonic acid and ADP.
Isoquercitrin and hyperin were related to the antiplatelet activity of Apocynum venetum L. (38).
These compounds showed statistically significant inhibition of platelet aggregation induced
by ADP in concentrations 10 mg L™ hyperin (21.5 pmol L) and 50 mg L™ isoquercitrin
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(107.7 umol L. However, these results were obtained on one plant extract sample. Onion
(Allium cepa L.) peel extract showed antiplatelet activity in platelet aggregation assay induced
by collagen at the concentration of 50 mg L™ (0.17 umol L™ of quercetin equivalent) that was
mainly attributed to quercetin (39).

Salvia officinalis L. and Salvia brachyodon Vand. leaves extracts showed antiplatelet acti-
vity in concentrations of 21 nmol L™ (40). Analysis of constituents did not show relation
with neither flavonoid nor polyphenolic acids content. However, inhibition of platelet
aggregation was related to antioxidant activity determined using stable free radical DPPH
(R =0.701, p = 0.035). This suggests that antiplatelet activity is more complexly related to
antioxidant properties of more constituents, rather than individual compound. Sage
extracts are extremely potent, and require further studies. Extracts of yuzu (Citrus junos
Sieb ex Tanaka), hallabong ((C. unshiu Marcov x C. sinensis Osbeck) x C. reticulata Blanco)
and orange (C. sinensis Osbeck) have shown platelet aggregation reduction using methanol,
ethyl acetate or hexane as extraction solvent (41). At the concentration of 1 g L™ all ethyl
acetate extracts showed nearly complete inhibition of platelet aggregation in the test induced
by collagen, with reduction of platelet aggregation comparable to the 1.7 mmol L™ acetyl-
salicylic acid. It should be noted that arachidonic acid would be more appropriate inducer
if comparison with acetylsalicylic acid was the objective. Nevertheless, this study showed
that inhibition of platelet aggregation is related to the content of the total polyphenols
(R=0.654, p <0.05) and antioxidant activity of extracts determined by copper ion-reducing
power (R =0.654, p <0.05).

Propolis represents a rich source of polyphenols. We were the first group to report
antiplatelet effect of propolis extracts (42). To determine the content of polyphenols HPLC
coupled with diode array detection was used; flavonoids ranged between 7 and 55 mg g™
and phenolic acids 0.8 to 4.5 mg g™'. MINaAC ranged from 5 pmol L™ to 104 mmol L. In
this case it was determined that antiplatelet activity of propolis can be related to some
extend to the content of luteolin and pinocembrin-7-methyleter, i.e., the lower the content
of luteolin and higher the content of pinocembrin-7-methyleter are, the higher antiplatelet
activity is. Peel extract of Campomanesia adamantium (Cambess.) O. Berg showed antiag-
gregatory effect in platelet aggregation assay induced by arachidonic acid at 2.5 g L™! con-
centration (8.2 mmol L™ of quercetin equivalent) (43). This was attributed to quercetin and
myricetin. Angelica shikokiana Makino ex Y. Yabe, herbal extracts showed reduction in plate-
let aggregation at all analyzed concentrations (1 mg L™ being the lowest, i.e., 3.3 pmol L™
of quercetin equivalent) in platelet aggregation assays induced by ADP and arachidonic
acid (44). This was attributed to polyphenols that were detected in the extract and indi-
vidually tested in the same platelet assays. Interestingly, authors found that glycosides had
lower antiplatelet potential when compared to their aglycons.

Other plant extracts that have shown antiplatelet activity are: Calamintha nepeta L.,
Lavandula angustifolia Mill., Mentha x piperita L., Ocimum basilicum L., Origanum vulgare L.,
and Rosmarinus officinalis L. Constituents of these extracts are mainly phenolic compounds
(Table II). As these analyses were performed on one sample of plant extract, further studies
of greater number of samples collected from different locations and in different collection
years, are needed to undoubtedly determine constituents responsible for the observed
antiplatelet activity.

Scutia buxifolia Reissek was analyzed in platelet aggregation assays as an aqueous
lyophilized extract. Leaves extracts were less potent when compared to stem bark. Stem
bark extracts showed antiaggregatory effect in platelet aggregation assay induced by ADP
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Table 11. Antiplatelet activity of plant extracts of Lamiaceae species and major constituents determined by
HPLC-MS-ESI-TOF analysis*

Sample MINa{‘lC Identified constituents®
(mg L™)
Calamintha 20 Caffeic acid (180.0422), rosmarinic acid (360.0842), umbelliferone
nepeta L. ’ (162.0314)
Lavandula 20 Apigenin (270.0528), carnosic acid (300.2089), carnosol (330.1833), caffeic
angustifolia L. ’ acid (180.0422), chrysmaritine (314.0793), umbelliferone (162.0314)
Mentha x Eriodictyol (288.0634), carnosic acid (300.2089), caffeic acid (180.0422),
ierita L 20 kaempferol (180.1149), chrysmaritine (314.0793), luteoline (286.0477),
PP ’ rosmarinic acid (360.0842), salvigenin (328.0949), umbelliferone (162.0314)
Ocimum

o 0.2 Caffeic acid (180.0422), umbelliferone (162.0314)
basilicum L.

Origanum 20  Caffeic acid (180.0422), salvigenin (328.0949), umbelliferone (162.0314)
vulgare L.

Acacetine (284.0687), apigenin (270.0528), diosmetin (300.0636), epiros-
Rosmarinus 20 manol (346.1779), epirosmanol methylether (360.1937), carnosol
officinalis L. ’ (330.1833), caffeic acid (180.0422), chrysmaritine (314.0793), rosmanol

(346.178), salvigenin (328.0949), umbelliferone (162.0314)

*Boij¢ et al., unpublished data.
Each compound is identified based on high resolution molecular mass stated in brackets.

at the minimal concentration of 50 mg L™ (0.17 umol L™ of quercetin equivalent) (45). Vitis
labrusca L. (fox grape) leaves extract was analyzed in platelet aggregation assays induced
by collagen, thrombin and ADP showing statistically significant inhibition of platelet
aggregation at the concentration of 1 g L™ (3.3 mmol L™ of quercetin equivalent) in ex vivo
experiments irrespectively of the platelet aggregation agonist used (46). Ex vivo experiments
on blood of male rats after consumption of fox grape leaves extract (100 mg per g of animal
mass) showed lowered platelet aggregation in platelet aggregation assays induced by ADP.
Extract of Lagenaria siceraria (Molina) Standl. fruits showed antiplatelet activity with ICj,
value of 15.8 g L™ concentration (52 mmol L™ of quercetin equivalent) in platelet aggrega-
tion assay induced by ADP (47). This was attributed to flavonoids content. Extract of Arnica
montana L. flowers showed reduction of platelet aggregation assay induced by ADP at the
concentration of 7.5 mg L™ (25 pmol L of quercetin equivalent) (48). However, no reduc-
tion of platelet aggregation was observed in collagen and arachidonic acid induced platelet
aggregation assays.

CLINICAL SIGNIFICANCE OF THE EFFECT OF POLYPHENOLS
ON PLATELET AGGREGATION

Epidemiological and clinical studies on the influence of flavonoids on cardiovascular
diseases are rare and inconsistent. The major problem presents evolutional exposition to
flavonoids through diet, and developed mechanisms that reduce their bioavailability
(transporters that reduce absorption and metabolism that increases excretion from the
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body). Although studies on European population show consumption of flavonoids of more
than 100 mg per day (49), bioavailability of flavonoids is limited up to 24 % as reported for
quercetin (50). As half-life of quercetin in plasma is 11 to 28 hours, it is regarded that slow
elimination increases accumulation of quercetin in body (51). Concentration in plasma is
usually reported of up to 1 pmol L™ (52). Our group has concluded that flavonoids can
cause clinically significant interaction in platelet aggregation assay induced by ristocetin
and arachidonic acid. Even low concentrations of flavonoids (i.e., 60 nmol L) can influence
platelet aggregation assays induced by arachidonic acid and ristocetin (11). These assays
are used for the assessment of von Willebrand factor (vWF) function, and flavonoids can
consequently cause misdiagnosis of blood clot disorders related to vWF.

In clinical study on healthy males, influence of tomato (Solanum lycopersicum L.) pomace
extract was tested ex vivo (53). It showed reduction of platelet aggregation in the test induced
by ADP (5 days after starting the treatment, 3 hours after last dose was consumed). While
polyphenol profile of tomato extract was analyzed by high performance liquid chroma-
tography coupled with mass spectrometry (HPLC-MS), no clear indication of component(s)
responsible for the activity was provided. Polyphenols enriched beverage (326 mg L™ of
gallic acid equivalent) reduced platelet aggregation in healthy athletes after stress (marathon)
(54). Anthocyanin consumption (320 mg per day) by healthy volunteers reduced ex vivo
platelet aggregation by 29 % in platelet aggregation assay induced by ADP (55).

Nearly every epidemiological study of the flavonoids” influence on cardiovascular
diseases is inconclusive and seeks further studies (56). However, one of the rare studies
confirming beneficial effects of flavonoids in cardiovascular diseases was one performed
by Wang et al. (57). Meta-analysis of published data from 1966 to 2013 shows that increase
of flavanol intake by 20 mg per day reduces risk of stroke by 14 % in men. Same effect was
not confirmed in females.

CONCLUSIONS

Flavonoids influence platelet aggregation in concentrations that can be achieved in
vivo. Some flavonoids, e.g., flavon, can influence platelet aggregation in nanomolar concen-
tration and consequently impair interpretation of functional tests of primary hemostasis.
Common non-specific mechanism could be related to stabilization of platelet membrane
based on strong negative correlation of platelet aggregation (MINaAC) and lipophilicity
(ClogP), and flow cytometry experiments showing reduction of exposed receptors on
platelet surface after treatment with flavanone. Plants rich in polyphenols present interest-
ing area of research as some extracts show antiaggregatory effect in nanomolar range (O.
basilicum, S. brachyodon, S. officinalis).

One question that was asked at the conference at which this work was presented, does
this mean consumption of flavonoids should be promoted in prevention of cardiovascular
diseases? Answer is not unanimous, as clinical and epidemiological studies are insuffi-
cient. Flavonoids were discovered as vitamins, having a role of antioxidants in oxidative
stress that is responsible for many diseases of modern civilization (cancer, cardiovascular
diseases, neurodegenerative diseases, efc.). As in the case with many vitamins, there is no
clear evidence supporting consumption of vitamins other than in cases of hypovitamino-
sis. However, one multi-vitamin tablet a day is encouraged based on the fact that this sup-
ports physiologic processes in which vitamins are involved.
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