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Anti-Aggregatory Potential of Selected
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Increased blood platelet activation, especially platelet aggregation, plays an important function in cardiovascular disease; however, various
dietary components may inhibit platelet activation. Recent clinical and epidemiologic studies indicate that both fruits and vegetables, and their
products, contain various phytoprotective substances possessing biological properties such as antiplatelet and antioxidant effects that may work
synergistically to ameliorate the effect of cardiovascular disease. In addition, the consumption of vegetables and their products may also play
an important role in prevention. However, the mechanisms involved have not been clearly defined. Various studies clearly indicate that certain
vegetables (e.g., onions, garlic, and tomatoes) have beneficial effects on blood platelet hyperactivity, an important cardiovascular risk factor, and
hence may offer new prophylactic and therapeutic possibilities for the treatment of blood platelet hyperactivation and cardiovascular disease. This
mini-review evaluates the current literature on the relationship between the consumption of onion (Allium cepa L), garlic (Allium sativum L), tomato
(Solanum lycopersicum L), and beetroot (Beta vulgaris L.), and blood platelet activation, which may have important implications for the prophylaxis

and treatment of cardiovascular disease. Adv Nutr 2019;10:280-290.
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Introduction

Blood platelets are irregular, small (2-3 pum), anucleated
elements produced from megakaryocytes. About 10'! blood
platelets per day are generated, and their half-life ranges
from 7 to 10 d in circulation (1). Blood platelets include
3 types of granules (dense, a, and lysosomal granules)
composed of a wide range of components with various
biological properties, such as adhesive proteins, coagulation
factors, growth factors, and chemokines (2). The platelets
can be activated by various physiologic agonists, stimulators,
or activators, including ADP, thrombin, arachidonic acid,
and collagen, which act as ligands that bind to receptors
in platelet membrane. Platelet activation induced by these
agonists involves a range of biochemical processes such as
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generation of reactive oxygen species (ROS) and reactive ni-
trogen species, phosphoinositide hydrolysis, and eicosanoid
synthesis, which often produce secondary messengers (3-
5). Blood platelets play an important function in many
physiologic processes, including hemostasis, which regulates
the flowing properties of blood, and dysregulation of platelet
activation is associated with various diseases, particularly
cardiovascular disease. In 2015, the WHO identified car-
diovascular disease as the leading single cause of global
mortality, being responsible for about one-third of deaths
globally (6).

Lifestyle factors play an important part in the etiology
and treatment of cardiovascular disease. One such factor
is nutrition. Zheng et al. (7) reported that a diet rich
in fruits has a significant influence, and studies by other
authors found fruit consumption to lower the risk of
cardiovascular disease by various mechanisms, one of which
is the inhibition of blood platelet activation (8-10). In
addition, recent evidence reveals that certain vegetables and
their products (including oils) may also act as key mediators
in the prevention and treatment of cardiovascular disease,
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including atherosclerosis, arteriosclerosis, and thrombosis,
by reducing blood platelet activation, especially platelet
aggregation (11, 12). A review of epidemiologic studies,
experimental research, and clinical trials examining the
effects of celery, lettuce, rape, pumpkin, carrot, broccoli,
and pea on cardiovascular disease by Tang et al. (13) found
the vegetables to demonstrate a range of cardioprotective
effects, including improving endothelial function, lowering
blood pressure, modifying lipid metabolism, and regulating
blood glucose concentration, as well as possessing general
antioxidant and anti-inflammation properties. However, this
review did not provide any information about their effects
on blood platelet function. Hence, the present minireview
examines the current literature concerning the influence of
selected vegetables, namely onion (Allium cepa L.), garlic
(Allium sativum L.), tomato (Solanum lycopersicum L.), and
beetroot (Beta vulgaris L.), on blood platelet activation,
especially platelet aggregation. These findings may have
important implications for the prophylaxis and treatment of
cardiovascular disease.

Effect of Selected Vegetables on Blood Platelet
Functions

Onion (Allium cepal L.)

Onion (A. cepa L.) is among the oldest of all cultivated
plants and has been used medicinally for thousands of years.
Its biological properties may be associated with its alkyl
cysteine sulfoxide content as well as its collection of phenolic
compounds, especially quercetin and its derivatives. Onions
themselves and their preparations have demonstrated thera-
peutic activity against cardiovascular disease associated with
hyperactivation of blood platelets in a number of studies, and
are known to offer beneficial effects in preventing coronary
thrombosis, atherosclerosis, and stroke (14-17). Onions
have also been found to inhibit blood platelet aggregation
stimulated by different agonists in vivo and in vitro (16,
18). For example, Briggs et al. (19) reported that onion juice
reduces platelet aggregation induced by collagen in an in
vitro study of dog whole blood. Ali et al. (20) reported
that rabbit platelet aggregation induced by 2 pg/mL collagen
was inhibited in a dose-dependent manner by a boiled
aqueous extract of onion, with 50% inhibition observed at
a concentration of 90 mg onion extract/mL blood plasma.
Blood platelet aggregation was monitored by turbidimetry
for platelet-rich plasma (PRP).

A recent study based on washed rat platelets and PRP
by Ro et al. (21) found onion peel extract (50, 100, and
500 pg/mL) to have antiaggregation properties in vitro.
The antiaggregation activity of the extract was correlated
with that of its main component, a phenolic compound
called quercetin. The extract was dissolved in 50% methanol,
and then analyzed by HPLC. The content of quercetin
was 16.7% =+ 0.1% of tested extract. Ewald et al. (22),
found quercetin to be one of the most abundant pheno-
lic compounds in vegetables, including onions. Moreover,
epidemiologic data suggest that a diet rich in quercetin

may be associated with a reduced risk of cardiovascular
disease (23, 24). Ro et al. (21) examined various parameters
of blood platelet activation, including platelet aggregation,
induced by 5 pg/mL collagen, Ca®*, thromboxane B, (TXA;),
cyclic adenosine 5'-monophosphate (cAMP), and cyclic
guanosine 5'-monophosphate (cGMP), in washed platelets
and in PRP. However, Lee et al. (25) reported that quercetin-
rich onion peel extract does not affect platelet aggregation
or the hemostatic activity of plasma in vivo, including
prothrombin time and activated partial thromboplastin time
(Table 1). In this experiment, after washing onion peels 3
times in water, onion peel extract was extracted with 60%
aqueous ethanol solution. However, again the authors did not
analyze the chemical content of the extract (25). A study of
the antithrombotic effects of 80% methanol extracts of 10
different onion varieties (Kitamiko27, Toyohira, Kitawase3,
Tsukisappu, Superkitamomiji, CS3-12, Tsukiko22, Rantaro,
2935A, and K83211) by Yamada et al. (26) found Toyohira
to have antiplatelet activity in vitro and in vivo; however,
no correlation was observed between the quercetin content
of a variety and its biological activity. A study by Hubbard
et al. (27) investigated the effects of quercetin ingestion
from a dietary source, i.e. 2 soups containing either a low
(5 mg) or high (69 mg) amount of quercetin, on collagen-
stimulated human blood platelet aggregation. Following
ingestion of the high-quercetin soup, aggregation was found
to be inhibited in a time-dependent manner; Syk tyrosine
phosphorylation was also significantly inhibited, and this
finding was correlated with the amount of quercetin in
plasma. In this study, the tested soups contained naturally
occurring quercetin.

Elsewhere, Briggs et al. (28) reported that various onion
thiosulfinates, including propyl propane-thiosulfinates and
2-propenyl 2-propene-thiolsulfinate (allicin), inhibit human
platelet aggregation by ~90% when administered at a con-
centration of 0.4 mM in vitro. Platelet aggregation was mea-
sured in whole blood. The tested onion thiosulfinates were
more potent platelet inhibitors than aspirin, a commonly
used antiplatelet drug, at equivalent concentrations. Chang et
al. (29) observed that the administration of alk(en)yl thiosul-
fonates (sodium n-propyl thiosulfate and sodium 2-prepenyl
thiosulfate) from onion at concentrations between 0.001 and
0.1 mM inhibited human platelet aggregation induced by
2 uM ADP in vitro. Makheja and Bailey (30) also reported
that the components of onion, especially polysulfides, inhibit
TXA, biosynthesis in platelets by inhibiting cyclooxygenase
activity in an in vitro model.

Cavagnaro and Galmarini (31) evaluated the effect of
cooking on the antiaggregation properties of onions. Their
study examines the influence of 2 different cooking systems,
i.e., microwaves and convection ovens, at a range of times and
temperatures, and the effect of using whole bulbs, quarters
of bulbs, and completely crushed bulbs on the degradation
thiosulfonates and other sulfur compounds. Platelet function
was measured in whole blood isolated from healthy human
donors by electrical impedance aggregometry, with 1 pg/mL
collagen used as the agonist. The authors observed that
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heating may affect the antiaggregatory properties of onion.
For example, they noted significant proaggregatory effects in
the samples cooked in the oven for 20 and 30 min. These
results demonstrate that the antiaggregatory activity of onion
depends on the production process, including cooking.

Moon et al. (18) suggested that the antiplatelet properties
of onions may act by inhibiting arachidonic acid release
and TXA, synthase activity, and by blocking the TXA,
and prostaglandin H, receptors on the platelet surface.
They examined the effects of aqueous of onion extract
prepared from fresh onions at concentrations of 0.05, 0.1,
0.5, and 1 pg/mL against rat and human platelets in vitro.
Collagen, thrombin, and arachidonic acid were used as
platelet agonists.

Chen et al. (32, 33) found that Welsh onion (Allium
fistulosum L.), one of the most important flavoring vegetables
in Asian dishes, also influences platelet adhesion to fibrino-
gen, platelet aggregation, and TXA, biosynthesis in human
blood. Their findings indicate that boiled and raw onion
extract had different effects on platelet function in vitro: the
boiled extract induced blood platelet aggregation in a dose-
dependent manner, whereas the raw extract inhibited blood
platelet adhesion and aggregation stimulated by ADP.

Both in vitro studies and in vivo experiments have
demonstrated that the consumption of onions and onion
juice has beneficial effects on platelet aggregation (16, 19,
35). For example, rats treated with this aqueous extract of
onion (500 mg/kg body weight) for 4 wk demonstrated
lowered thromboxane B, synthesis (16). In addition, Briggs
et al. (19) reported that the consumption of raw onion
reduces collagen-stimulated blood platelet aggregation in
dogs, and Jung et al. (35) found consumption of aqueous
extract of onion (0.5 g - mL™' - kg! - d”! for 4 wk) to
have antiplatelet activity in both normal and diabetic rats, as
measured by platelet aggregate formation and thromboxane
B, concentration (Table 1). On the other hand, Kim et
al. (34) noted that onion acts not only as blood platelet
inhibitor, but also as a stimulant of platelet aggregation in
hypercholesterolemic rats treated with simvastatin. These
results were obtained from a study of 40 rats who had
consumed a diet of simvastatin plus 5% onion powder for
4 wk. In these studies, platelet aggregation function was
measured in whole blood, and 2 uM ADP was used as
agonist. In addition, a recent study by Ko et al. (49) found
that various methanol fractions and flavonols extracted
from onion have not only antiplatelet properties, including
antiaggregatory action, but also antioxidant properties.

Osmont et al. (50) suggested that, as the platelet inhibitory
activity of onion organosulfur compounds is time dependent,
the temporary formation of organosulfur compounds should
be taken into account during both in vivo and in vitro
assessment of onion-induced antiplatelet properties (50).

Garlic (Allium sativum L.)

Various studies indicate that garlic and its active compounds
effectively reduce the risk of cardiovascular disease by
normalizing the amounts of plasma lipids, oxidized LDLs,

and blood pressure (51-54). Preclinical, clinical, and in vitro
studies have also demonstrated that garlic and its different
preparations have a range of activities concerning platelets,
especially antiaggregatory properties (20, 29, 55, 37, 36, 39).
However, like fresh onion, there is no standard intake of raw
garlic. Clinical studies demonstrate that the effective daily
dosage of garlic powder ranges from 150 to 2400 mg; and
for aged garlic intakes range from 0.25 to 7.2 g/d. Aged
garlic extract is prepared by storing raw sliced garlic in
15-20% ethanol, which is then filtered and concentrated at
low temperatures. The aging process modifies the harsh and
irritating components found in raw garlic (56). Allison et al.
(38) reported that 3.12-12.5% aged garlic extract containing
305 g/L extracted solids and S-allyl cysteine reduced the
degree of platelet adhesion to fibrinogen. They attribute
this reduction to an increased amount of intracellular cyclic
adenosine monophosphate (cAMP) and inhibition of the
interaction of ayy, 53 integrin with fibrinogen in vitro. In this
experiment, platelet activation was initiated by 8 uM ADP. In
a study of blood platelets taken from 14 healthy participants,
Rahman et al. (37) found 0.19-6.25% aged garlic extract
to reduce platelet aggregation stimulated by ADP in vitro.
In addition, this extract significantly reduced the binding
of activated platelets to fibrinogen, preventing changes in
blood platelet shape. The authors have also suggested that this
inhibition of platelet aggregation is associated with increased
amounts of cyclic nucleotides, i.e. ;CAMP and cGMP, probably
via stimulation of soluble guanylyl cyclase and adenylyl
cyclase, and inhibition of phosphodiesterase activity, in the
presence of garlic extract. The most abundant water-soluble
organosulfur compound in the aged garlic extract was found
to be S-allyl cysteine (1.47 g/L). Fakhar and Hashemi Tayer
(57) reported that the consumption of garlic pills (1200 and
2400 mg) reduced ADP-stimulated platelet aggregation in 36
healthy volunteers. However, the authors did not describe
the chemical composition of the garlic pills. Karagodin et
al. (58) also found that 14-d treatment with garlic powder
pills inhibited ADP-induced platelet aggregation in men with
cerebral atherosclerosis by ~25%.

Morihara and Hino (39) reported that aged garlic extract,
rich in water-soluble cysteinyl moieties, demonstrates anti-
aggregatory properties in rats. HPLC analysis identified 11
hydrophilic sulfur compounds in this extract, some of which
were produced by the aging process. Characteristic sulfur
compounds included S-methyl cysteine, S-allyl cysteine, S-1-
propenyl cysteine, and S-allyl mercaptocysteine. This garlic
extract (1, 2, or 5 g - kg body wt™' - d!) was administered
orally to rats for 7 or 14 d at a dose of 10 ml/kg body
wt. The treatment significantly reduced platelet aggregation
after 14 d, but not after 7 d. Platelet aggregation was also
found to be reduced in vitro. In addition, the antiaggregatory
action was correlated with suppression of phosphorylation of
collagen-induced p38, extracellular signal regulated kinase,
and c-Jun N-terminal kinase. No change was observed in
bleeding time (39). However, Ried et al. (59) reported that
aged garlic extract does not influence blood platelet functions
in 88 patients with uncontrolled hypertension who received
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aged garlic extract (1.2 g containing 1.2 mg S-allyl cysteine)
daily for 12 wk. Treatment with aged garlic extract, a garlic
preparation rich in water-soluble cysteinyl moieties, has been
found to suppress blood platelet aggregation by changing the
functional property of platelets to respond to collagen (10-40
pg/mkL).

The antiaggregatory properties of garlic tablets and
aspirin were compared in 62 healthy volunteers (20-50 y
old) as part of a randomized clinical trial. The participants
took 80 mg aspirin/d. After 1 mo, the volunteers were
randomly assigned into 3 groups, and each received 1, 2,
or 3 garlic tablets/d (garlic 1250 mg, odor control; Nature
Made) for 1 mo. Following the aspirin and garlic tablet
treatment, platelet aggregation was induced by 20 uM ADP,
20 puM epinephrine, 0.19 mg/mL collagen, or 0.5 mg/mL
arachidonic acid. However, the authors did not identify the
effective antiaggregatory dose of garlic equivalent to aspirin
(60).

Fluorinated analogs of organosulfur compounds ex-
tracted from garlic, such as difluoroallicin, have been found
to suppress platelet aggregation stimulated by collagen (1-
5 ug/mL). Blood was obtained from 6 healthy human
volunteers who had been supplementing their diet with these
compounds for 2 wk. Platelet aggregation was then measured
in whole blood by the impedance method (36).

Cooked, blanched garlic leaf juice inhibits blood platelet
aggregation stimulated by ADP and collagen in vitro and
in vivo. In one experiment, the juice of blanched garlic
leaves was mixed with PRP, and then platelet aggregation
was measured. In another experiment, 10 rabbits received
cooked, blanched garlic leaf juice, and platelet aggregation
was determined after 1, 3, 5, and 8 wk. Wang and Di (61)
attributed inhibition of platelet aggregation to the blockage
of the interaction between fibrinogen and its receptor. In
addition, a review by Bradley et al. (56) reported that
hydrogen sulfide (H,S) derived from organic polysulfides
in garlic has also been found to have cardioprotective
properties. Several papers suggest that dietary garlic intake or
the use of garlic as supplement influences blood coagulation
(62-64). Bedi et al. (65) found that dietary supplements
containing garlic and fish oil have the potential to cause
bleeding in patients undergoing surgery. However, although
their results indicated the postoperative blood platelet count
to be normal, they did not use platelet function tests.

Tomato (Solanum lycopersicum L.)
The tomato is the most widely consumed vegetable in the
world (66). In addition, in vitro, ex vivo, and in vivo studies
have found fresh tomatoes and tomato products, including
tomato pasta and pomace, to have various biological proper-
ties, including the ability to inhibit blood platelet aggregation
(Table 1) (40-45, 47, 48, 46). For example, a study conducted
among 90 healthy human subjects found supplementation
with tomato extract to result in a significant reduction in
ADP- and collagen-stimulated platelet aggregation (67).
Fuentes et al. (68) reported that aqueous and methanolic
tomato extracts have antiaggregatory activity, both in an in

286 Olas

vitro model and in vivo in Wistar rats. They also found the
highest antiaggregation activity to be demonstrated by one
of the tomato extract fractions that did not contain lycopene;
the extract was found to inhibit aggregation by ~70% in
vitro. Interestingly, chromatography analysis of the tested
fractions presented 2 absorption peaks, one at 210 nm and
another at 261 nm, which is compatible with the presence of
nucleotides (68). Earlier, Dutta-Roy et al. (69) also observed
that tomatoes contain antiplatelet compounds as well as
adenosine. In addition, Fuentes et al. (42) reported that
guanosine from tomatoes possesses antiplatelet properties
in vitro and inhibits the secretion of platelet inflammatory
mediator of atherosclerosis (sCD40L); various parameters
(i.e. platelet ATP secretion, platelet aggregation induced by
ADP and collagen, and platelet adhesion to collagen) were
used to measure the effect of guanosine (0.2-2 mM) on
platelet functions.

Rodriguez-Azua et al. (43), in an in vitro study, examined
the anti-platelet properties of 9 varieties of fresh hybrid
tomatoes (Apt 410, H 9888, Bos 8066, Sun 6366, AB3, HMX
7883, H 9665, H 7709, and H 9997) as tomato pasta and
pomace, containing mainly skin and seeds. The substances
were fed to 15 rats, which ingested 0.1 and 1 g pomace/kg
body wt each day. Neither the variety of the tomato hybrids
nor the type of manufacture were found to have any signif-
icant effect on platelet activity. In addition, pomace intake
of 1 g-kg'-d! also reduced blood platelet aggregation.
In these experiments, platelet aggregation was monitored by
light transmission turbidimetry, and 8 uM ADP was used as
an agonist. Fuentes et al. (41) examined the effect of industrial
processing (i.e. drying, heating, and pasteurizing) on the
antiaggregation properties and phenolic compound profile
of tomato products in vitro and in vivo. Platelet aggregation
was induced by a range of agonists, including arachidonic
acid, collagen, ADP, and TRAP (thrombin receptor-activated
peptide, a peptide beginning with the SFLLRN sequence Ser-
Phe-Leu-Leu-Arg-Asn). HPLC analysis of aqueous extracts
from tomatoes and tomato products (juice, ketchup, sauce,
and pomace) identified chlorogenic, ferulic, p-coumaric,
and caffeic acids. Although all tested tomatoes and tomato
products inhibited platelet aggregation in vitro, the pomace
extract presented the best antiaggregatory activity; for exam-
ple, 1 mg/mL pomace extract demonstrated 35% inhibition of
ADP-stimulated aggregation, and 200 mg/kg pomace extract
displayed antithrombotic activity.

O’Kennedy et al. (44, 45) found Fruitflow (DSM Nu-
tritional Products), a commercially available water-soluble
tomato extract, to demonstrate antiaggregatory activity
and to possess various cardioprotective properties. Forty-
seven healthy subjects received the extract daily, at a dose
providing at least 65 mg of Fruitflow. The extract was
found to demonstrate approximately one-third the anti-
platelet efficacy of taking 75 mg aspirin/d. Similarly, Uddin
et al. (46) report that 150 mg Fruitflow inhibited ADP-
induced platelet aggregation and decreased blood pressure
in 12 healthy adult males (aged 25-65 y) after 24 h. Article
13(5) of the European Health Claims Regulation 1924/2006
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FIGURE 1

Experiments involving vegetables and their products in cardiovascular disease, showing their influence on selected

cardiovascular parameters and the proposed mechanism of action of vegetables and their products on blood platelets. Vegetable
components may inhibit the synthesis of TXA, (a platelet agonist), inhibit ROS production, and increase the level of cAMP and cGMP in
platelets. cAMP, cyclic adenosine 5'-monophosphate; cGMP, cyclic guanosine 5’-monophosphate; ROS, reactive oxygen species; TXA,,

thromboxane A,.

recommends that Fruitflow should be consumed daily in the
following doses: 3 g for Fruitflow 1 (a syrup with >50% w/w
tomato-derived carbohydrates, and ~3% w/w of compounds
with known antiplatelet activity), and 150 mg for Fruitflow
2 (a low-carbohydrate powder, with >55% w/w bioactive
compounds dried to produce a tablet-grade powder). How-
ever, Fruitflow differs from typical antiplatelet drugs in the
reversibility of its action. Typical antiplatelet drugs have an
irreversible mechanism of action (44, 45). Similarly, ZAAX
standardized tomato extract (Sequia) has also been found to
possess antiaggregatory properties in high-risk hypertension
patients: a study on a group of 82 patients aged 28-74 y
who may be at high risk of cardiovascular disease found
a dose of 213 mg orally in the morning to be effective at
preventing aggregation (47), whereas Krasinska et al. (48)
note a positive correlation between blood platelet activation
and P2Y12 receptor activity, particularly in obese patients.

Some studies indicated that the bioactive component of
tomatoes is lycopene, known to have antioxidant, antihy-
pertensive, and hypolipidemic effects in vitro and in vivo
(70, 71). In addition, although Thies et al. (72) reported that
lycopene may also have an effect on blood platelet activation,
none of the studies of Fruitflow or ZAAX tomato extract
described the concentration of lycopene in the preparations
(44, 45,47, 48, 46).

More details about antiplatelet action of other selected
vegetables are given in Table 1. Yamamoto et al. (73)
indicated that various varieties of carrot have antiplatelet
activity, and Li et al. (74) reported that steroidal saponins
derived from dioscorea rhizomes, a common vegetable
widely used in traditional Chinese medicine, inhibit blood
platelet aggregation in rats. Gong et al. (75) also indicated that
diosgenin extract from dioscorea has antiaggregatory effects
in vitro and in vivo.

Figure 1 demonstrates the effects of vegetables and their
products on a range of parameters which are important in the
prophylaxis and treatment of cardiovascular disease, not only
blood platelet activation.

Interestingly, some vegetables, such as beetroot, are
also sources of inorganic nitrate or nitrite, which may be
metabolized to produce nitric oxide, which controls blood
platelet functions (5). Bondonno et al. (76), Raubenheimer
et al. (77), and other authors (78) have suggested that the
bioactive nitrate derived from vegetables such as beetroot and
spinach may serve as an important bioactive cardioprotective
component in a vegetable-rich diet by inhibiting blood
platelet activation. Jackson et al. (79) also reported that
inorganic nitrate and nitrite may play a positive role in
cardiovascular disease by reducing platelet aggregation.

Conclusions
As therapy with antiplatelet drugs such as aspirin is often
correlated with various side effects, the use of natural com-
pounds may be a safer alternative approach. Recent studies
have investigated the potential of vegetables, especially onion,
garlic, and tomato, for modulating blood platelet activation,
including their aggregation, and evaluated their role in the
prophylaxis and treatment of cardiovascular disease. The in
vitro and in vivo studies described in this manuscript are
based on the examination of blood platelets isolated from
healthy subjects and patients with cardiovascular risk factors.
Recent experiments suggest that actions of garlic and
other vegetables against platelets, especially their antiag-
gregation and cardioprotective properties, are largely de-
termined by the method of preparation. In addition, the
beneficial health of vegetables on blood platelets are also
dependent on multiple mechanisms, which may be mediated
by the active compounds present in vegetables and their
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products, including phenolic compounds such as quercetin
for onion, organosulfur compounds, and H,S for garlic, and
adenosine for tomato. Figure 1 demonstrates that these active
components may modulate the signal pathways associated
with platelets in varied, and sometimes opposing ways; for
example, some may inhibit ROS production whereas others
may inhibit the biosynthesis of TXA,, a platelet agonist.
However, as the chemical content of tested vegetable extracts
and other products is not always well described, it is difficult
to determine whether the antiaggregation effect associated
with consuming the vegetables or their constituents, along
with other effects on platelets, can be achieved at typical
dietary amounts. As few clinical trials of the potential of
vegetables and their products to treat cardiovascular disor-
ders have been performed, the development of controlled
and high-quality human clinical experiments is encouraged,
especially to determine the prophylactic and therapeutic
doses of vegetables and their constituents.
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