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Summary

In the quest for prevention of atherothrombotic diseases, an antithrombotic diet may offer
a promising approach. The major stumbling block in finding an effective diet is the lack of
pathophysiological relevant techniques to detect potential antithrombotic effects of various
diet components. Platelet function and coagulation/fibrinolysis tests currently in use do not
allow assessment of global thrombotic status and their value in screening diet-components
for antithrombotic effects. Recently, we combined the point-of-care shear-induced ex vivo
thrombosis test (Global Thrombosis Test-GTT) with the Flow-mediated Vasodilation (FMV)
in vivo test and found that the combination improved the assessment of thrombotic status in
humans and could be used for screening diet-components for antithrombotic effects. In the
present experiments, a combination of GTT, hemostatometry, laser-induced thrombosis tests
and FMV were employed for screening. The results show that the overall antithrombotic
effect is determined by the effect on thrombus formation and endogenous thrombolytic
activities. This study showed a great variation in the observed antithrombotic effect
between the tested varieties. Antithrombotic activities were independent from polyphenolic
content or antioxidant activities. The presented experimental techniques seem to be
suitable for establishing an antithrombotic diet, which may be effective in the prevention of
atherothrombotic cardiovascular diseases in humans.
Keywords: Thrombosis, thrombosis prevention, preventive cardiology, stroke, platelet function,
nutrition, diet

1. Introduction
Prevention of arterial thrombotic diseases has higher
priority than treatment of existing diseases. Compared to
the ineffective Western-style diet, clinical trials provided
evidence for reduced risk of arterial thrombosis and death
from coronary heart disease in people on Mediterranean,
Vegetarian and Japanese-style diets (1-9). As to the
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mechanism of such an antithrombotic effect, several
nutrients and components of foods (omega-3 fatty acids;
red wine; onion, garlic, kiwi; chocolate, etc.) were shown
to inhibit platelet function in vitro (10).
In finding foods and dietary components with a
potential antithrombotic effect, the use of pathologically
relevant technique(s) is of crucial importance. Only
those test(s) which have already proved to be useful in
clinical practice in monitoring the overall thrombotic
status and predicting major adverse thrombotic events
should be used for screening dietary components and
nutrients for the antithrombotic effect. Despite that
platelets play a pivotal role in thrombosis, point-ofcare platelet function tests failed to materialize clinical
expectations. Tailoring antithrombotic medication
based on monitoring platelet function by these tests
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did not improve clinical outcome (11-13). At present,
prothrombotic status is assessed by measuring platelet
aggregation to various soluble agonists (adenosine
diphosphate, collagen, arachidonic acid, thrombin),
and by extrapolating the results obtained using
various biomarkers of coagulation and fibrinolysis.
The major shortcoming of all these tests is the use of
anticoagulated blood, in which activated platelets do
not generate thrombin, the most significant contributor
to arterial thrombogenesis. This could be the reason
why most platelet function tests which measure platelet
aggregation to various soluble agonists failed in guiding
cardiac patients antithrombotic medication (14-19).
Evidence has been presented that only those tests,
which take the arterial high shear and flow conditions
as well as generation of thrombin by activated platelets
into account, have relevance for the pathomechanism
of occlusive arterial thrombosis in vivo. We compared
results obtained from platelet function tests performed
with anticoagulated blood and those obtained using shearinduced thrombosis and thrombolysis tests performed
from non-anticoagulated blood. Our findings show that
the commonly used platelet function tests performed
at low shear conditions and from anticoagulated blood
do not reflect the overall thrombotic status, while the
innovative shear-induced thrombosis tests performed
from non-anticoagulated blood do (20,21). We have
shown in animal experiments that the combined use
of high shear stress-induced thrombosis in vitro tests
using non-anticoagulated blood (hemostatometry and
global thrombosis test, GTT) in combination with the
flow-mediated vasodilation in vivo test (FMV or FMD)
provides reliable assessment of the global thrombotic
status (22). In addition, GTT has been shown to be
clinically useful for monitoring thrombotic status in
patients on antithrombotic medication (23,24). It was
therefore reasonable to employ these techniques to test
fruits and vegetables and herbal drugs for antithrombotic
effects.
2. In vitro tests
2.1. Shear-induced platelet-rich thrombus formation in
non-anticoagulated blood
2.1.1. Hemostatometry
Details of hemostatometry have been described
previously (25,26). Briefly, non-anticoagulated blood
was withdrawn from the abdominal aorta of animals
and tested with a hemostatometer built for this puspose
in Kobe Gakuin University. Blood was forced to flow
through a plastic tube by a paraffin oil replacement
technique. While blood was flowing in it, the tubing
was punched with a fine needle to induce "bleeding"
from the holes into the surrounding warm saline.
The perfusion pressure was monitored to assess the

thrombotic reaction. Punching the tube caused a sharp
drop in the perfusion pressure. Eventually "bleeding"
stopped due to formation of platelet-rich hemostatic
plugs in the holes and with this, the perfusion pressure
returned to the pre-punching level. The recorded
pressure changes reflect both the hemostatic and
coagulation processes. In the recorded pressure curve,
areas of 30% (H1) and 90% (H2) pressure recovery
reflect the primary and completed hemostasis. Increase
or decrease of H1 and H2 reflected inhibition or
enhancement of hemostatic plug formation (platelet
reactivity), respectively. In some occasions increased
pressure was used to induce thrombolysis (Figure 1A).
2.1.2. GTT
GTT (Thromboquest Limited, London, UK) has been
described in detail (23,24,27,28). Figure 1B shows the
embodiment (a) and the principle of the technique (b)
and a typical recording (c). There are flat segments
along the inner wall of a conical plastic tube and when
perfectly round ceramic ball bearings are placed into
such a conical tube, the flat segments prevent the
ball bearings from occluding the lumen. When nonanticoagulated blood is added to such a tube, it flows
through the narrow gaps by the ball bearing and exits
in droplets into an adjacent collecting tube. The latter is
transilluminated by a light emitter and a sensor opposite
the emitter generates a signal whenever a drop of blood
interrupts the light path. In essence, the instrument
detects the time interval (d; sec) between consecutive
blood drops. Blood flows at 37°C by gravity through
the narrow gaps formed between the upper ball bearing
and the inner wall of the tube, where high shear stress
activates and aggregates platelets. Platelet aggregates
formed and then captured in the gaps by the lower ball
bearing, arrest the blood flow. At the start, blood flow
is rapid and hence (d) is small. Subsequently, the flow
rate gradually decreases and hence (d) increases. When
the actual (d) exceeds 15 seconds (occlusion-d), the
instrument displays "Occlusion Time (OT)", which is the
time elapsed from the detection of the first drop of blood
until OT. Later, the blood flow is completely arrested.
Eventually, due to thrombolysis, flow is restored as
indicated by the detection of the first drop of blood after
complete occlusion (Lysis Time- LT). Compared to
controls, increased or decreased OT indicates inhibition
or enhancement of platelet reactivity, respectively.
Increase or decrease of LT indicates inhibition or
enhancement of spontaneous thrombolysis, respectively.
GTT can measure platelet reactivity and endogenous
thrombolytic activity simultaneously.
3. In vivo tests
3.1. Laser-induced thrombosis in the microcirculation
and in the carotid artery of experimental animals

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2016; 10(3):129-140.

131

Figure 1. (A): (a) A principle of hemostatometry, (b) A typical pattern; (B): (a) Embodiment of GTT, (b) Principle of GTT,
(c) A typical pattern.

Formation of platelet-rich thrombi and their
embolization was initiated in the mouse carotid artery
or the rat mesenteric or pial microvessels using the
He-Ne laser-induced thrombosis technique. He-Ne
laser-induced thrombosis method has been previously
described in detail (29-44). In brief, the mesenteric
or pial microvessels of anaesthetized rats or the left
femoral artery of anaesthetized mice, was exposed
and Evans blue dye was injected through the veins.
The center of the mesenteric or pial microvessel or
the carotid artery was irradiated with laser, and the
formation of a thrombus at the site of irradiation was
monitored and recorded on videotape. Thrombotic
status of rats was expressed by the number of
thrombosis events required to complete occlusion of
blood flow and in mice expressed as the cumulative
thrombus size. The latter was calculated by continuous
observation of the thrombus mass every 10 seconds in
the first 10 minutes after irradiation (Figure 2A).
3.2. Flow-mediated Vasodilation test (FMV or FMD)
We have adopted and modified the flow-mediated
and nitroglycerin-mediated technique to anaesthetized
mice, as shown in Figure 2B. Baseline images of the
diameter of the femoral artery were taken before and
after clamping for 180 sec at 30 sec intervals over
450 sec after restoration of blood flow. Nitroglycerin

mediated vasodilation (endothelium-independent
vasodilation) was induced by placing 70 microliters of
2.2 mM nitroglycerin/saline solution on the artery. A
typical pattern of vasodilation after restoration of flow
was transferred to a computer and the artery diameter
changes were calculated. Changes in vessel diameter
after restoration of flow were expressed as percentage
of the baseline values (before clamping) and the peak
vasodilation was calculated (45-48). A typical pattern of
these is shown in Figure 3.
4. Screening antithrombotic fruits and vegetables by
shear-induced thrombosis/thrombolysis in vitro tests,
followed by He-Ne laser-induced in vivo test
Since overall antithrombotic and prothrombotic
activities of fruits and vegetables were varied from
varieties to varieties and determined by the balance
between antithrombotic activity (platelet reactivity) and
endogenous thrombolytic activity (fibrinolytic activity),
special attention was paid to the sources of fruits and
vegetables (49). Fruits and vegetables were ground
using mortar and pestle. Juices obtained were prepared
by filtration (test samples). One tenth volume of the
test sample was mixed with nine tenths volume of nonanticoagulated rat blood collected from rat abdominal
aorta immediately before the tests. Antithrombotic,
prothrombotic and thrombolytic activities were
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Figure 2. (A): He-Ne laser-induced thrombosis system; (B): A Flow-mediated vasodilation system.

Figure 3. A typical pattern of flow-mediated vasodilation (FMV) and nitroglycerin-mediated vasodilation (NMV) in a
mouse femoral artery.

measured by shear-induced thrombosis/thrombolysis in
vitro test (hemostatometry or GTT) after quick mixing.
The intensity of antithrombotic, prothrombotic and
thrombolytic activities was expressed as the maximum
dilution factor. At first these activities were screened
using raw test samples, subsequently assessed using
heat-treated (5-10 min) samples. Those samples which
showed a significant antithrombotic or thrombolytic
effect were administered to mice orally and tested by
He-Ne laser-induced thrombosis in vivo test.

4.1. Antithrombotic vegetables
The overall effect of administered fruit or vegetable
extracts on the in vivo thrombotic status is determined
by the balance between thrombotic activity (effect on
the growth of a platelet-rich thrombus) and thrombolytic
activity (disintegration or fibrinolysis of the formed
thrombus). For this reason, first we used relevant in vitro
tests for screening and the active varieties were further
tested in vivo to assess the overall antithrombotic effect.
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4.1.1. Tomatoes

4.1.3. Strawberry

Ordinary size tomatoes Twenty-one varieties
were measured by hemostatometry in vitro. The
antithrombotic activity was dependent on the variety.
The varieties were ranked into subgroups according
to their activities, i.e. the group inhibiting platelet
rich thrombus formation (antithrombotic group), the
one enhancing the rate of thrombosis (prothrombotic
group) and the group without effect (non-thrombotic
group). Ten varieties were antithrombotic, out of them
three had a highly significant antithrombotic effect.
Two varieties showed a prothrombotic effect while in
four varieties the effect was not clear. One variety with
the strongest and heat stable antithrombotic effect was
selected for further investigation. When tested in vivo,
oral administration of this variety showed significant
antithrombotic activity. This decreased during
maturation (49).
Mini-type tomatoes Antithrombotic activity of
four varieties was measured by the in vitro test GTT.
Antithrombotic activities showed great variation
between varieties, one was antithrombotic while the
other three had no such effect. The antithrombotic
activity decreased during maturation. Despite
earlier suggestion of polyphenolic rich foods are
antithrombotic, lycopene content was independent of
antithrombotic activity. Thus, lycopene content cannot
be used as an index of antithrombotic activity (50).

Antithrombotic activity of seventeen varieties was
measured by hemostatometry in vitro. Ten varieties
inhibited platelet reactivity (antithrombotic), six
varieties had no effect on thrombus formation and one
could not be determined by this test. Varieties were
ranked into subgroups on the basis of the intensity
of their antiplatelet effect. Three varieties with
the strongest antiplatelet activity were heat stable.
Antithrombotic activity of these three varieties was
demonstrated after oral administration in mice by the
laser-induced thrombosis test in vivo (53).

4.1.2. Onions
Onions from Hokkaido (Northern area in Japan)
Antithrombotic activity of ten varieties was measured
by the in vitro tests hemostatometry. Three varieties
inhibited thrombus formation, one enhanced the rate
of thrombus growth while six varieties had no effect
on experimental thrombus formation. Five varieties
enhanced endogenous thrombolytic activity while five
varieties had no effect on it. Considering the balance
between thrombotic and thrombolytic activities, one
variety with the strongest antithrombotic effect was
selected for further investigation. Subsequently, the
antithrombotic activity of this variety was tested
after oral administration in mice by the He-Ne laserinduced thrombosis in vivo test .This variety was heat
stable (51).
Onions from Awaji Island, Hyogo (Middle area
in Japan) Antithrombotic activity of five varieties
was measured by the in vitro test GTT. One variety,
which was antithrombotic by GTT test was further
investigated by the laser-induced thrombosis test and
the antithrombotic activity was confirmed after oral
administration to mice. This activity was heat stable.
Another variety inhibited endogenous thrombolytic
activity, suggesting an overall prothrombotic activity
(22,52).

4.1.4. Potatoes
Potatoes harvested in the spring Antithrombotic
activity of twenty varieties was measured by the in vitro
test GTT and ranked into subgroups. Three varieties,
all heat-stable, were selected as antithrombotic
varieties. Subsequently, antithrombotic activity was
measured after oral administration in mice by the laserinduced thrombosis test. All three varieties showed
antithrombotic activity in vivo (54).
Potatoes harvested in the autumn Antithrombotic
activity of seven varieties was measured by the in vitro
test GTT. Six varieties inhibited platelet reactivity and
the antithrombotic activities were heat stable. One
variety (heated) was further examined by the laserinduced thrombosis test in vivo and demonstrated to be
prothrombotic under in vivo conditions (55).
4.1.5. Carrots
Antithrombotic activity of fifteen varieties and heat
stability of selected varieties were measured by the in
vitro test GTT. Effect on thrombus formation in vivo
was measured by the laser-induced thrombosis test.
Results of three varieties are shown in Figure 4.
As demonstrated by the laser in vivo test, the
variety SAKATA-0421 inhibited platelet reactivity
and enhanced endogenous thrombolysis, but after heat
treatment, the inhibitory effect on platelets disappeared
but the enhancing effect on endogenous thrombolytic
activity remained (Figure 4A). SAKATA-0418 did not
inhibit platelet reactivity but enhanced endogenous
thrombolysis before heat treatment in vitro. After heat
treatment, platelet reactivity was enhanced but effect
on endogenous thrombolytic activity disappeared,
suggesting prothrombotic activity in vivo (Figure 4B).
The variety SAKATA-0420 enhanced platelet activity
and endogenous thrombolytic activity before heat
treatment and had no effect on the in vivo test. After
heat treatment, it did not affect platelet reactivity but the
effect on endogenous thrombolytic activity remained
(Figure 4C). These findings showed that the in vivo
effect on thrombosis variables can be predicted by the

www.ddtjournal.com

134

Drug Discoveries & Therapeutics. 2016; 10(3):129-140.

Figure 4. Effect of heat treatment of carrot variety (SAKATA-0421) (A), (SAKATA-0418) (B) and (SAKATA-0420) (C)
on platelet reactivity (OT) and endogenous thrombolytic activity (LT) measured in vitro by GTT (a) and on thrombosis
measured in vivo by He-Ne laser-induced thrombosis test (b). (Revised; Yamamoto et al: Blood Coagul Fibrinolysis 2008;
19:785-792.)
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in vitro test GTT and that antithrombotic and the overall
in vivo effect on thrombus formation and resolution is
governed by the balance between the effect on platelets
and endogenous fibrinolytic activities. These findings
suggest that serving carrots as raw or heated dishes is
beneficial as an antithrombotic diet (56).

determined by the enhanced endogenous thrombolytic
activity and not the effect on platelet reactivity. In apples
the endogenous thrombolytic activity was caused by
heat stable factors which increased the release of tissue
plasminogen activator (t-PA), from endothelial cells and/
or blood cells (60).

4.1.6. Herbs

4.2.2. Mulberries

Antithrombotic activity and heat stability of twentyfive herb species were measured by the in vitro test
hemostatometry. Herbs were classified into subgroups
on the basis of their antithrombotic activity. Thirteen
herbs were antithrombotic, five prothrombotic, six nonthrombotic and one undetermined. As to the mechanism
of the heat stable antithrombotic effect of some herbs,
we found that the antithrombotic effect was due to
inhibition of platelet reactivity. Because at that time the
GTT technique was not available, the quantitative effect
on endogenous thrombolysis could not be measured.
The antithrombotic effect was not related to a protection
of endothelial function as measured by FMV (57).

According to the GTT test results, eleven varieties
were classified into three subgroups: antithrombotic,
prothrombotic and without significant effect on
experimental thrombosis. Subsequently, antithrombotic
or prothrombotic effect was determined after oral
administration to mice by the laser-induced in vivo
thrombosis test. Combination of the effects on platelet
reactivity and endogenous thrombolysis, as measured
by GTT in vitro predicted the overall effects on
thrombosis in vivo (61).
In contrast to vegetable varieties, much attention has
to be paid to the area where these fruits were harvested.
The antithrombotic activity of some fruits harvested
in one area was different from those harvested in a
different area (unpublished). Vegetable varieties but
not fruit varieties are grown from the respective seeds
and this may be the reason for the dependence of the
measured antithrombotic effect on the harvest area.

4.1.7. Sesame
Whole grains of six accessions (varieties) were roasted
at 110°C for 10 min and crushed. Diet containing
whole grain flour was given to mice for 12 weeks and
antithrombotic activity was measured by the laserinduced in vivo thrombosis test. Two accessions were
antithrombotic and one variety showed prothrombotic
effect (58).
4.1.8. Rice
The antithrombotic activity of five varieties (nonglutinous white rice) was measured. Diet containing
non-glutinous white rice was given to mice for 3 months
and antithrombotic activity was measured by the laserinduced in vivo thrombosis test. Four varieties had no
effect on the overall thrombotic status while one variety
had a prothrombotic effect (59).
4.2. Antithrombotic fruits
4.2.1. Apples (Aomori Prefecture, northern area in
Japan)
Antithrombotic activity of sixteen varieties and heat
stability of selected varieties were measured by the in
vitro test GTT. Subsequently, antithrombotic activity
in vivo was measured after oral administration to
mice by the laser-induced in vivo thrombosis test.
Sixteen apple varieties were classified into subgroups:
antithrombotic, prothrombotic, and varieties having no
effect on experimental thrombosis. It was demonstrated
that antithrombotic activity in apple varieties was

4.2.3. Grapes
Antithrombotic activity of forty-six grape varieties
(27 red grapes; 19 white grapes) donated from three
institutes and heat stability of the selected varieties
were measured by the in vitro test GTT. Effects of these
varieties (raw) on platelet reactivity and endogenous
thrombolytic activity are shown in Table 1. Three red
varieties (Cabernet Sauvignon, Concord, Berry A) and
one white variety (Honey Venus) were classified into
an antithrombotic subgroup because of their effect on
platelet reactivity and/or endogenous thrombolytic
activity. The effect of Cabernet Sauvignon donated
from two institutes (Cabernet Sauvignon A, Cabernet
Sauvignon B) was different. Cabernet Sauvignon A
inhibited platelet reactivity and enhanced endogenous
thrombolytic activity, suggesting that Cabernet
Sauvignon A could be considered as antithrombotic.
Cabernet Sauvignon B enhanced platelet reactivity and
inhibited endogenous thrombolytic activity, suggesting
that Cabernet Sauvignon B was prothrombotic (Figure
5) (62). The results of mulberry and grape varieties
showed that classification of fruit varieties according
to their effect on experimental thrombosis should be
re-defined together and the harvest areas should be
considered.
The so-called French Paradox have prompted
many epidemiological and laboratory studies on
investigating antithrombotic grapes and wines (63,64).
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Table 1. Effect of grape varieties (raw) on platelet reactivity and endogenous thrombolytic activity
Items
Inhibition of platelet reactivity
No effect
Enhancement of platelet reactivity
Not determined
Inhibition of endogenous thrombolytic activity
No effect
Enhancement of endogenous thrombolytic activity
Not determined

No. of red grape varieties

No. of white grape varieties

1
2
24
0
9
13
3
2

0
0
18
0
6
11
1
1

(Revised; Masahiro Iwasaki: Antithrombotic effect of grapes. Master's thesis, Kobe Gakuin University, 2006) (in Japanese).

Figure 5. Effect of a red grape variety donated from two institutes (Cabernet Sauvignon A and B) on platelet reactivity (OT)
and endogenous thrombolytic activity (LT) in vitro measured by GTT. (Revised; M. Iwasaki: Master's thesis of Kobe Gakuin
University, 2006.)

Epidemiological studies have provided evidence that
intake of fresh fruits and vegetables could help to
prevent cardiovascular disease and stroke (65-69),
while some studies have cast doubt on the red wine
hypothesis (70,71).
Folts and his co-workers have investigated the
mechanism of the French Paradox using the Folts animal
model. This is the measurement of cyclic flow reductions
(CFRs) in coronary blood flow after mechanical stenosis
of the coronary artery and some damage to the vascular
wall. The effect of grapes on platelet reactivity was
measured by collagen-induced platelet aggregation ex
vivo test in anticoagulated whole blood. The red wine
(1987 Chateauneuf-du-Pape) and Welch's 100% natural
purple grape juice inhibited thrombosis in vivo but
the white wine (1990 Chateau Villotte Bordeaux) did
not. The antithrombotic activity of the red wine was
demonstrated in vivo. Whether the collagen-induced
platelet aggregation test was suitable or not to screen and
predict antithrombotic effect was not discussed at that
time. Epidemiological verification of the antithrombotic
effect of red wine consumption stimulated studies aimed
to analyze red wine for certain chemical components

like quercetin, rutin, resveratrol and antioxidants, which
could be responsible for the antithrombotic effect (72-76).
Platelets play a pivotal role in arterial thrombotic
diseases. Platelet function in vitro/ex vivo is widely
assessed with platelet aggregometry using anticoagulated
blood or platelet rich plasma (PRP), which measures
platelet aggregation induced by various chemical
agonists (10). Despite the recognition of the cardinal
role of thrombin in thrombogenesis (28,77-79), a
thrombin-induced platelet aggregation test could not be
performed from (citrate) anticoagulated whole blood
or PRP. Recently, high shear-induced thrombosis/
thrombolysis tests using non-anticoagulated blood have
become available for the measurement of thrombotic
status or thrombotic and thrombolytic activities ex
vivo and in vitro. In these tests, generation of thrombin
from (shear) activated platelets plays the decisive role
(12,20,21,23-28). Recent animal experiments show that
the shear-induced thrombosis/thrombolysis in vitro/ex
vivo tests using non-anticoagulated blood are useful for
screening foods, dietary components and nutrients for
antithrombotic effect (22).
5. Correlation between biologically active components
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Table 2. Correlation between polyphenolics content/antioxidant activity and antithrombotic activity
Items

Polyphenolics content

Antioxidant activity

References

Thrombotic effect

Thrombolytic effect

Thrombotic effect

Thrombolytic effect

Strawberry

p < 0.0001
Antithrombotic♣♣

ND

p < 0.05
Antithrombotic♣♣

ND

Naemura et al. (53)

Grape (red)

ns

p < 0.0001
Prothrombotic♣

ns

ns

Iwasaki (62)

Grape (white)

ns

p < 0.0001
Prothrombotic♣

ns

ns

Mulberry

ns

p < 0.001
Antithrombotic♣♣

ns

p < 0.001
Antithrombotic♣♣

Yamamoto et al. (61)

Carrot

p < 0.01
Antithrombotic♣♣

ns

ns

ns

Yamamoto et al. (56)

Apple

ns

ns

ns

ns

Morishita et al. (60)

Antithrombotic and prothrombotic effects were measured by GTT in vitro. Significantly negative correlation between OT and polyphenolics content/
antioxidant activity suggests prothrombotic effect (Prothrombotic♣). Significantly negative correlation between LT and polyphenolics content/
antioxidant activity suggests antithrombotic effect (Antithrombotic♣♣). Significant positive correlation between OT and polyphenolics content/
antioxidant activity suggests antithrombotic effect (Antithrombotic♣♣). Significantly positive correlation between LT and polyphenol content/
antioxidant activity suggests prothrombotic effect (Prothrombotic♣). ns: not significant; ND: not determined. Prothrombotic♣ and Antithrombotic♣♣
activities measured by GTT are not conclusive but highly suggestive. Antithrombotic or prothrombotic activity in vivo has to be demonstrated by the
laser-induced test in vivo (22).

of fruits and vegetables and the antithrombotic/
thrombolytic activities
Polyphenolics and antioxidant rich diets have been
investigated for prevention of thrombotic diseases (8082). We did not find a correlation between polyphenolics/
antioxidant contents of various fruits and vegetables
and their experimental antithrombotic effect (Table 2).
Although purified polyphenolics or antioxidants were
shown to have antithrombotic activity (83,84), our
results indicate that polyphenolics and/or antioxidants
content of fruits and vegetables are not markers of the
antithrombotic effect and cannot be used for screening
such an effect
6. Effect of different cultivating fields and harvest
times on antithrombotic activity
The antithrombotic strawberry variety, KYSt-4, was
planted in the same field and harvested in December,
January, February, March and April and antithrombotic
activity was measured by GTT. In addition, KYSt-4 was
planted in four different fields far from each other at
the same time in Gifu Prefecture, Japan and harvested
in April. We found that the antithrombotic activity of
strawberry varieties grown in different environments
(soil, fertilizer, temperature) were similar, thus this
effect is probably governed by genes and it is resistant to
environmental changes (85).
7. Effect of intake of strawberry varieties with and
without antithrombotic activity in humans
Whole juice prepared from experimentally

antithrombotic strawberry variety (KYSt-4) was given
to healthy volunteers and the thrombotic status was
measured by GTT two hours after intake. KYSt-4 juice
significantly inhibited the shear-induced thrombosis
test (GTT) ex vivo but whole juice from non-thrombotic
variety (KYSt-10; Control 1) and water (Control 2) did
not (85). This suggests that juices from experimentally
antithrombotic fruit and vegetable varieties could prevent
arterial thrombosis.
8. Conclusions
Vegetable and fruit varieties were screened for
experimental antithrombotic effect by using shearinduced in vitro thrombosis tests (hemostatometry;
GTT), followed by a laser-induced thrombosis in
vivo test. The in vivo test of FMV was also used to
detect any possible effect of the active varieties on
endothelial function. Antithrombotic activities of
fruits and vegetables were different from variety to
variety even in the same species. Measurement of
biologically active components in fruits and vegetables,
which were suggested earlier to be responsible for the
antithrombotic effect did not provide additional benefits
in our screening. Further clinical studies are needed
to prove the effectiveness of dietary components with
experimental antithrombotic effect in humans and that
daily intake of an antithrombotic diet is beneficial to
prevent thrombotic disorders in humans.
Acknowledgements
We would like to express our sincere thanks to Dr. Sasaki

www.ddtjournal.com

138

Drug Discoveries & Therapeutics. 2016; 10(3):129-140.

Y, Dr. Yamashita T, Dr. Ikarugi H, Dr. Oishi T (Taka T),
Ms. Ishii I, Ms. Okita N, Ms. Ura M, Ms. Naemura A
and Ms. Hyodo K for their help.
References
1.
2.

3.
4.
5.

6.

7.

8.

9.
10.
11.
12.

13.
14.

15.
16.
17.

Trichopoulou A, Costacou T, Bamia C, Trichopoulos
D. Adherence to a Mediterranean diet and survival in a
Greek population. N Engl J Med. 2003; 348:2599-2608.
de Lorgeril M, Renaud S, Mamelle N, Salen P, Martin
JL, Monjaud I, Guidollet J, Touboul P, Delaye J.
Mediterranean alpha-linolenic acid-rich diet in secondary
prevention of coronary heart disease. Lancet. 1994;
343:1454-1459.
Key TJ, Appleby PN, Rosell MS. Health effects of
vegetarian and vegan diets. Proc Nutr Soc. 2006; 65:3541.
Ulbricht TL, Southgate DA. Coronary heart disease:
Seven dietary factors. Lancet. 1991; 338:985-992.
Kromhout D, Menotti A, Kesteloot H, Sans S. Prevention
of coronary heart disease by diet and lifestyle: Evidence
from prospective cross-cultural, cohort, and intervention
studies. Circulation. 2002; 105:893-898.
Lichtenstein AH, Appel LJ, Brands M, et al. Summary
of American Heart Association Diet and Lifestyle
Recommendations revision 2006. Arterioscler Thromb
Vasc Biol. 2006; 26:2186-2191.
Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita
Y, Kokubo Y, Tsugane S. Intake of fish and n3 fatty acids
and risk of coronary heart disease among Japanese: The
Japan Public Health Center-Based (JPHC) Study Cohort I.
Circulation. 2006; 113:195-202.
Tada N, Maruyama C, Koba S, Tanaka H, Birou S,
Teramoto T, Sasaki J. Japanese dietary lifestyle and
cardiovascular disease. J Atheroscler Thromb. 2011;
18:723-734.
Hoffman R, Gerber M. Evaluating and adapting the
Mediterranean diet for non-Mediterranean populations:
A critical appraisal. Nutr Rev. 2013; 71:573-584.
McEwen BJ. The influence of diet and nutrients on
platelet function. Semin Thromb Hemost. 2014; 40:214226.
Gorog DA, Fuster V. Platelet function tests in clinical
cardiology: Unfulfilled expectations. J Am Coll Cardiol.
2013; 61:2115-2129.
Okafor ON, Gorog DA. Endogenous Fibrinolysis:
An Important Mediator of Thrombus Formation and
Cardiovascular Risk. J Am Coll Cardiol. 2015; 65:16831699.
Paniccia R, Priora R, Liotta AA, Abbate R. Platelet
function tests: A comparative review. Vasc Health Risk
Manag. 2015; 11:133-148.
Ferroni P, Riondino S, Vazzana N, Santoro N, Guadagni
F, Davi G. Biomarkers of platelet activation in acute
coronary syndromes. Thromb Haemost. 2012; 108:11091123.
Rader DJ. Human genetics of atherothrombotic disease
and its risk factors. Arterioscler Thromb Vasc Biol. 2015;
35:741-747.
Rosenson RS, Brewer HB, Rader DJ. Lipoproteins as
biomarkers and therapeutic targets in the setting of acute
coronary syndrome. Circ Res. 2014; 114:1880-1889.
Lowe G, Rumley A. The relevance of coagulation in
cardiovascular disease: What do the biomarkers tell us?

Thromb Haemost. 2014; 112:860-867.
18. Gorog DA. Prognostic value of plasma fibrinolysis
activation markers in cardiovascular disease. J Am Coll
Cardiol. 2010; 55:2701-2709.
19. Gorog DA, Jeong YH. Platelet function tests: Why they
fail to guide personalized antithrombotic medication. J
Am Heart Assoc. 2015; 4.
20. Gorog DA, Kovacs IB. Thrombotic status analyser.
Measurement of platelet-rich thrombus formation and
lysis in native blood. Thromb Haemost. 1995; 73:514520.
21. Nakajima S, Noguchi T, Taka T, Ueda T, Kaizu K,
Fukamizu M, Fujita S, Tabuchi M, Yamamoto J. A global
platelet test of thrombosis and thrombolysis detects a
prothrombotic state in some patients with non-insulin
dependent diabetes and in some patients with stroke.
Platelets. 2000; 11:459-466.
22. Yamamoto J, Tamura Y, Ijiri Y, Iwasaki M, Murakami
M, Matsuo O. Evaluation of antithrombotic effect:
Importance of testing components and methodologies.
Drug Discov Ther. 2015; 9:258-266.
23. Taomoto K, Ohnishi H, Kuga Y, Nakashima K, Ichioka T,
Kodama Y, Kubota H, Tominaga T, Hirose T, Hayashi M,
Kinugasa C, Yamashita T, Yamamoto J. Platelet function
and spontaneous thrombolytic activity of patients with
cerebral infarction assessed by the global thrombosis
test. Pathophysiol Haemost Thromb. 2010; 37:43-48.
24. Otsui K, Gorog DA, Yamamoto J, Yoshioka T, Iwata
S, Suzuki A, Ozawa T, Takei A, Inoue N. Global
Thrombosis Test - a possible monitoring system for the
effects and safety of dabigatran. Thromb J. 2015; 13:39.
25. Ratnatunga CP, Edmondson SF, Rees GM, Kovacs IB.
High-dose aspirin inhibits shear-induced platelet reaction
involving thrombin generation. Circulation. 1992;
85:1077-1082.
26. Yamamoto J, Taka T, Nakajima S, Ueda M, Sugimoto E,
Sasaki Y, Muraki T, Seki J, Watanabe S. A shear-induced
in vitro platelet function test can assess clinically
relevant anti-thrombotic effects. Platelets. 1999; 10:178184.
27. Yamamoto J, Yamashita T, Ikarugi H, Taka T, Hashimoto
M, Ishii H, Watanabe S, Kovacs IB. Gorog Thrombosis
Test: A global in-vitro test of platelet function and
thrombolysis. Blood Coagul Fibrinolysis. 2003; 14:3139.
28. Yamamoto J, Inoue N, Otsui K, Ishii H, Gorog DA.
Global Thrombosis Test (GTT) can detect major
determinants of haemostasis including platelet reactivity,
endogenous fibrinolytic and thrombin generating
potential. Thromb Res. 2014; 133:919-926.
29. Kovacs IB, Csalay L, Gorog P. Laser-induced thrombosis
in the microcirculation of the hamster cheek pouch and
its inhibition by acetylsalicyclic acid. Microvasc Res.
1973; 6:194-201.
30. Kovacs IB, Tigyi-Sebes A, Trombitas K, Gorog P. Evans
blue: An ideal energy-absorbing material to produce
intravascular microinjury by HE-NE gas laser. Microvasc
Res. 1975; 10:107-124.
31. Kovacs IB, Sebes A, Trombitas K, Csalay L, Gorog P.
Proceedings: Improved technique to produce endothelial
injury by laser beam without direct damage of blood
cells. Thromb Diath Haemorrh. 1975; 34:331.
32. Gorog P, Kovacs IB. Antiarthritic and antithrombotic
effects of topically applied dimethyl sulfoxide. Ann N Y
Acad Sci. 1975; 243:91-97.

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2016; 10(3):129-140.
33. Gorog P, Kovacs B. Thrombus formation, hemostasis,
adhesiveness of leukocytes and morphological
abnormalities in the microcirculation of adjuvant arthritic
rats. Agents Actions. 1976; 6:607-612.
34. Gorog P, Kovacs IB. Laser-induced thrombus formation
and vascular reactivity in the microcirculation of the
spontaneously hypertensive rat. Blood Vessels. 1977;
14:294-302.
35. Gorog P, Kovacs IB. Anti-inflammatory effect of sialic
acid. Agents Actions. 1978; 8:543-545.
36. Gorog P, Kovacs IB. Thrombocytosis and platelet
aggregates in the circulation of adjuvant arthritic rats.
Arthritis Rheum. 1978; 21:256-259.
37. Kovacs IB, Gorog P. Laser-induced thrombosis
test suitable for pharmacological screening studies.
Microvasc Res. 1979; 18:403-412.
38. Yamamoto J, Iizumi H, Hirota R, Shimonaka K,
Nagamatsu Y, Horie N, Morita S. Effect of physical
training on thrombotic tendency in rats: Decrease in
thrombotic tendency measured by the He-Ne laserinduced thrombus formation method. Haemostasis. 1989;
19:260-265.
39. S a s a k i Y, M o r i i S , Ya m a s h i t a T, Ya m a m o t o J .
Antithrombotic effect of argatroban on the pial vessels
of the rat: A study with He-Ne laser-induced thrombus
formation. Haemostasis. 1993; 23:104-111.
40. Ijiri Y, Miura M, Hashimoto M, Fukunaga C, Watanabe S,
Kubota A, Oiwa K, Okuda T, Yamamoto J. A new model
to evaluate the diet-induced prothrombotic state, using
He-Ne laser-induced thrombogenesis in the carotid artery
of apolipoprotein E-deficient and low-density lipoprotein
receptor-deficient mice. Blood Coagul Fibrinolysis.
2002; 13:497-504.
41. Falati S, Gross P, Merrill-Skoloff G, Furie BC, Furie B.
Real-time in vivo imaging of platelets, tissue factor and
fibrin during arterial thrombus formation in the mouse.
Nat Med. 2002; 8:1175-1181.
42. Furie B, Furie BC. Thrombus formation in vivo. J Clin
Invest. 2005; 115:3355-3362.
43. Furie B, Furie BC. Mechanisms of thrombus formation.
N Engl J Med. 2008; 359:938-949.
44. Furie B, Furie BC. The molecular basis of platelet
and endothelial cell interaction with neutrophils and
monocytes: Role of P-selectin and the P-selectin ligand,
PSGL-1. Thromb Haemost. 1995; 74:224-227.
45. Soga J, Nishioka K, Nakamura S, Umemura T, Jitsuiki
D, Hidaka T, Teragawa H, Takemoto H, Goto C,
Yoshizumi M, Chayama K, Higashi Y. Measurement
of flow-mediated vasodilation of the brachial artery: A
comparison of measurements in the seated and supine
positions. Circ J. 2007; 71:736-740.
46. Iwamoto Y, Maruhashi T, Fujii Y, Idei N, Fujimura
N, Mikami S, Kajikawa M, Matsumoto T, Kihara Y,
Chayama K, Noma K, Nakashima A, Higashi Y. Intimamedia thickness of brachial artery, vascular function, and
cardiovascular risk factors. Arterioscler Thromb Vasc
Biol. 2012; 32:2295-2303.
47. Maruhashi T, Soga J, Fujimura N, Idei N, Mikami S,
Iwamoto Y, Kajikawa M, Matsumoto T, Hidaka T, Kihara
Y, Chayama K, Noma K, Nakashima A, Goto C, Higashi
Y. Nitroglycerine-induced vasodilation for assessment
of vascular function: A comparison with flow-mediated
vasodilation. Arterioscler Thromb Vasc Biol. 2013;
33:1401-1408.
48. Tamura Y, Naemura A, Inoue A, Ijiri Y, Seki J, Yada

49.

50.

51.

52.
53.

54.

55.
56.

57.
58.

59.

60.

61.

62.
63.
64.

139

T, Goto M, Shinohara M, Kawashima S, Giddings JC,
Yamamoto J. Impaired endothelial function may be
due to decreased aortic tetrahydrobiopterin, assessed
by a new flow-mediated vasodilation in vivo in
hypercholesterolemic/atherogenic mice. Blood Coagul
Fibrinolysis. 2009; 20:699-705.
Yamamoto J, Taka T, Yamada K, Ijiri Y, Murakami M,
Hirata Y, Naemura A, Hashimoto M, Yamashita T, Oiwa
K, Seki J, Suganuma H, Inakuma T, Yoshida T. Tomatoes
have natural anti-thrombotic effects. Br J Nutr. 2003;
90:1031-1038.
Yamamoto J, Ohno H, Hyodo K, Onishi M, Giddings
J. The antithrombotic activity of mini-type tomatoes
is dependent on the particular variety and the stage
of harvest. Lycopene content does not contribute to
antithrombotic activity. Health. 2013; 5:681-686.
Yamada K, Naemura A, Sawashita N, Noguchi Y,
Yamamoto J. An onion variety has natural antithrombotic
effect as assessed by thrombosis/thrombolysis models in
rodents. Thromb Res. 2004; 114:213-220.
Hyodo K, Horii I, Nishino M, Giddings J, Yamamoto J.
The antithrombotic effects of onion filtrates in rats and
mice. Health. 2011; 3:319-325.
Naemura A, Mitani T, Ijiri Y, Tamura Y, Yamashita T,
Okimura M, Yamamoto J. Anti-thrombotic effect of
strawberries. Blood Coagul Fibrinolysis. 2005; 16:501509.
Ichiura D, Naemura A, Ura M, Mori M, Yamamoto J.
Antithrombotic effect of potato in animal experiments.
In: Food, Vol. 3, Special Issue 2, Global Science Books,
2009; 8-12.
Yamamoto J, Masuda M, Hyodo K, Iwasaki M.
Experimental antithrombotic effect of potatoes harvested
in the autumn. Health. 2012; 4:108-112.
Yamamoto J, Naemura A, Ijiri Y, Ogawa K, Suzuki T,
Shimada Y, Giddings JC. The antithrombotic effects
of carrot filtrates in rats and mice. Blood Coagul
Fibrinolysis. 2008; 19:785-792.
Yamamoto J, Yamada K, Naemura A, Yamashita T,
Arai R. Testing various herbs for antithrombotic effect.
Nutrition. 2005; 21:580-587.
Kinugasa C, Naemura A, Hyodo K, Nakai Y, Katsuta
M, Yamamoto J. Experimental antithrombotic effects of
sesame seed whole grains and extracts. Blood Coagul
Fibrinolysis. 2011; 22:526-531.
Naemura A, Ijiri Y, Kodama M, Honda Y, Yamamoto
J. A rice variety (HYJA-Ri4) enhances arterial
thrombus formation in an animal model of thrombosis.
Pathophysiol Haemost Thromb. 2008; 36:241-244.
Morishita M, Naemura A, Tamura Y, Yamaya H, Tsuda Y,
Okada Y, Okada K, Matsuo O, Yamamoto J. Mechanism
of the experimental antithrombotic effect of some apple
varieties involves enhanced endogenous thrombolytic
activity. Interventional Medicine & Applied Science.
2012; 4:115-124.
Yamamoto J, Naemura A, Ura M, Ijiri Y, Yamashita T,
Kurioka A, Koyama A. Testing various fruits for antithrombotic effect: I. Mulberries. Platelets. 2006; 17:555564.
Iwasaki M. Antithrombotic effect of grapes. Master's
thesis of Kobe Gakuin University (Japanese). 2006.
Renaud S, de Lorgeril M. Wine, alcohol, platelets, and
the French paradox for coronary heart disease. Lancet.
1992; 339:1523-1526.
Wo l l i n S D , J o n e s P J . A l c o h o l , r e d w i n e a n d

www.ddtjournal.com

140

Drug Discoveries & Therapeutics. 2016; 10(3):129-140.

cardiovascular disease. J Nutr. 2001; 131:1401-1404.
65. Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ,
Rimm EB, Speizer FE, Hennekens CH, Spiegelman D,
Willett WC. Fruit and vegetable intake in relation to risk
of ischemic stroke. JAMA. 1999; 282:1233-1239.
66. Liu S, Manson JE, Lee IM, Cole SR, Hennekens CH,
Willett WC, Buring JE. Fruit and vegetable intake and
risk of cardiovascular disease: The Women's Health
Study. Am J Clin Nutr. 2000; 72:922-928.
67. Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm
EB, Speizer FE, Colditz G, Ascherio A, Rosner B,
Spiegelman D, Willett WC. The effect of fruit and
vegetable intake on risk for coronary heart disease. Ann
Intern Med. 2001; 134:1106-1114.
68. Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri
S, Myers L, Whelton PK. Fruit and vegetable intake
and risk of cardiovascular disease in US adults: The
first National Health and Nutrition Examination Survey
Epidemiologic Follow-up Study. Am J Clin Nutr. 2002;
76:93-99.
69. He FJ, Nowson CA, MacGregor GA. Fruit and vegetable
consumption and stroke: Meta-analysis of cohort studies.
Lancet. 2006; 367:320-326.
70. Mezzano D, Munoz X, Martinez C, Cuevas A, Panes O,
Aranda E, Guasch V, Strobel P, Munoz B, Rodriguez S,
Pereira J, Leighton F. Vegetarians and cardiovascular risk
factors: Hemostasis, inflammatory markers and plasma
homocysteine. Thromb Haemost. 1999; 81:913-917.
71. Li D, Sinclair A, Mann N, Turner A, Ball M, Kelly
F, Abedin L, Wilson A. The association of diet and
thrombotic risk factors in healthy male vegetarians and
meat-eaters. Eur J Clin Nutr. 1999; 53:612-619.
72. Demrow HS, Slane PR, Folts JD. Administration of
wine and grape juice inhibits in vivo platelet activity
and thrombosis in stenosed canine coronary arteries.
Circulation. 1995; 91:1182-1188.
73. Osman HE, Maalej N, Shanmuganayagam D, Folts JD.
Grape juice but not orange or grapefruit juice inhibits
platelet activity in dogs and monkeys. J Nutr. 1998;
128:2307-2312.
74. Keevil JG, Osman HE, Reed JD, Folts JD. Grape juice,
but not orange juice or grapefruit juice, inhibits human
platelet aggregation. J Nutr. 2000; 130:53-56.
75. Stein JH, Keevil JG, Wiebe DA, Aeschlimann S, Folts
JD. Purple grape juice improves endothelial function and
reduces the susceptibility of LDL cholesterol to oxidation
in patients with coronary artery disease. Circulation.

1999; 100:1050-1055.
76. Freedman JE, Parker C, 3rd, Li L, Perlman JA, Frei
B, Ivanov V, Deak LR, Iafrati MD, Folts JD. Select
flavonoids and whole juice from purple grapes inhibit
platelet function and enhance nitric oxide release.
Circulation. 2001; 103:2792-2798.
77. Jang IK, Gold HK, Ziskind AA, Leinbach RC, Fallon JT,
Collen D. Prevention of platelet-rich arterial thrombosis
by selective thrombin inhibition. Circulation. 1990;
81:219-225.
78. Badimon L, Badimon JJ, Lassila R, Heras M, Chesebro
JH, Fuster V. Thrombin regulation of platelet interaction
with damaged vessel wall and isolated collagen type I
at arterial flow conditions in a porcine model: Effects of
hirudins, heparin, and calcium chelation. Blood. 1991;
78:423-434.
79. Antman EM. Hirudin in acute myocardial infarction.
Safety report from the Thrombolysis and Thrombin
Inhibition in Myocardial Infarction (TIMI) 9A Trial.
Circulation. 1994; 90:1624-1630.
80. Violi F, Pignatelli P, Basili S. Nutrition, supplements, and
vitamins in platelet function and bleeding. Circulation.
2010; 121:1033-1044.
81. Pandey KB, Rizvi SI. Plant polyphenols as dietary
antioxidants in human health and disease. Oxid Med Cell
Longev. 2009; 2:270-278.
82. Habauzit V, Morand C. Evidence for a protective effect
of polyphenols-containing foods on cardiovascular
health: An update for clinicians. Ther Adv Chronic Dis.
2012; 3:87-106.
83. Fukao H, Ijiri Y, Miura M, Hashimoto M, Yamashita T,
Fukunaga C, Oiwa K, Kawai Y, Suwa M, Yamamoto
J. Effect of trans-resveratrol on the thrombogenicity
and atherogenicity in apolipoprotein E-deficient and
low-density lipoprotein receptor-deficient mice. Blood
Coagul Fibrinolysis. 2004; 15:441-446.
84. Sano T, Oda E, Yamashita T, Naemura A, Ijiri Y,
Yamakoshi J, Yamamoto J. Anti-thrombotic effect of
proanthocyanidin, a purified ingredient of grape seed.
Thromb Res. 2005; 115:115-121.
85. Naemura A, Ohira H, Ikeda M, Koshikawa K, Ishii
H, Yamamoto J. An experimentally antithrombotic
strawberry variety is also effective in humans.
Pathophysiol Haemost Thromb. 2006; 35:398-404.
(Received June 18, 2016; Revised June 24, 2016;
Accepted June 25, 2016)

www.ddtjournal.com

