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Abstract: Microparticles play a role in cardiovascular disease pathology. The flavanol-like epicatechin
is increasingly considered due to its cardioprotective effects. The aim of this study was to investigate
the impact of epicatechin on microparticle generation, phenotype and procoagulant properties.
Plasma samples from 15 healthy subjects were incubated with increasing concentrations of epicatechin
(1 to 100 uM). Then, the expression of glycoprotein IlIb, phosphatidylserine (PS), glycoprotein Ib
(GPIb) and P-selectin was assessed by flow cytometry analysis after (or not) platelet stimulation.
Microparticle procoagulant activity was determined using Zymuphen™ MP and Zymuphen™
MP-TF for phospholipid and tissue factor content, and with thrombin generation (TG) assays for
procoagulant function. Platelet microparticles that express GPIb (/uL) decreased from 20,743 + 24,985
(vehicle) to 14,939 + 14,333 (p = 0.6), 21,366 + 16,949 (p = 0.9) and 15,425 + 9953 (p < 0.05) in
samples incubated with 1, 10 and 100 uM epicatechin, respectively. Microparticle concentration
(nM PS) decreased from 5.6 + 2.0 (vehicle) to 5.1 = 2.2 (p = 0.5), 4.5 + 1.5 (p < 0.05) and 4.7 + 2.0
(p < 0.05) in samples incubated with 1, 10 and 100uM epicatechin, respectively. Epicatechin had no
impact on tissue factor-positive microparticle concentration. Epicatechin decreased TG (endogenous
thrombin potential, nM.min) from 586 + 302 to 509 + 226 (p = 0.3), 512 + 270 (p = 0.3) and 445 + 283
(p < 0.05). These findings indicate that epicatechin affects microparticle release, phenotype and
procoagulant properties.

Keywords: cardiovascular disease; coagulation; epicatechin; hemostasis; microparticles

1. Introduction

Microparticles are small, anucleate vesicles ranging from 100 to 1000 nm in size. They are released
by many cell types, including platelets, monocytes, red and endothelial cells by exocytosis from the cell
membranes upon cell activation, stress or apoptosis [1]. Microparticles are delimited by a phospholipid
bilayer and express proteins from the cell of origin [2]. Microparticles are detected in healthy subjects,
and their release increases in various pathological conditions, such as cancer, diabetes, sepsis and
cardiovascular diseases (CVD) [3-5].

Platelet microparticles (PMPs) represent the main fraction of circulating microparticles and are
formed upon platelet activation, glycoprotein (Gp) IIb-1lla signaling or after exposure to shear stress [6,7].
PMPs express Gp IIb-IIla (CD41) and Gp Ib (CD42b), phospholipids (e.g., phosphatidylserine (PS)
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and phosphatidylcholine) and activation markers, such as P-selectin (CD62P) [8]. There are growing
evidences for PMP physiological and pathological roles. For instance, PMP can interfere in cell-to-cell
communication through various mechanisms, from the direct stimulation of target receptors to
integration of surface receptors in a target cell. PMPs can also transfer their cytoplasmic content,
including RNA [9], and modulate the adaptive immunity by stimulating the immune response [10].
PMPs also play a major role in pathological processes, such as infections, mainly through the transfer
of receptors to recipient cells to allow virus entry, and in systemic diseases, such as rheumatoid
arthritis, by amplification of the local inflammatory response [11]. PMPs also play a role in cancer
development by favoring angiogenesis and tumor cell invasion, and can be predictive markers of
metastasis formation and tumor aggressiveness [12-14]. Due to their high procoagulant activity, PMPs
are a prognostic marker of choice in CVD [15,16]. Indeed, PMP concentration is increased following
myocardial damage after acute myocardial infarction [17], particularly PMP sub-populations that
express specific markers, such as P-selectin [18]. Large PMPs are associated with specific conditions,
such as carotid atherosclerosis [19] and myocardial infarction, and also with the circulation of the
thrombin-antithrombin complex and soluble CD40 ligand [20], the increase of which correlates with
higher risk of cardiovascular events [21]. PMPs seem to play a key role in CVD due to the expression of
phospholipids and procoagulant surface markers, and their capacity to recruit leukocytes, to transfer
miRNAs and to promote inflammation [22-24].

Several studies demonstrated that a diet rich in polyphenols is inversely associated with CVD
risk and mortality [25-27]. It has also been suggested that polyphenols influence the functions
of platelets, one of the major players in the atherothrombotic process. Different polyphenols and
especially flavonoids can modulate platelet activation and aggregation [28-30]. Epicatechin is a major
representative of the flavanol subclass of flavonoids due to its abundance in highly consumed plant
foods, such as cocoa, apples, tea and grapes [31,32]. A wealth of data from preclinical models and
clinical trials indicates that epicatechin has cardioprotective effects by improving endothelial and
platelet functions, reducing blood pressure and limiting atherosclerosis [33,34]. It has been reported
that different polyphenols and plant food extracts can affect PMP formation [35-38]; however, to our
knowledge, there is no study on the specific impact of epicatechin on PMPs. The aim of this study was
to investigate in vitro epicatechin effect on PMP generation, phenotype and procoagulant properties
by incubating human plasma with increasing concentrations of epicatechin.

2. Materials and Methods

2.1. Subjects

Fifteen healthy volunteers, 12 women and 3 men (mean age 30 years (21-42)) were enrolled.
Exclusion criteria were history of bleeding and thromboembolism, ongoing antiplatelet drug or
anticoagulant therapy and abnormal blood cell count, including thrombocytopenia <150 G/L
and coagulation disorders fibrinogen <2.0 or >4.0 g/L, prothrombin time >15.5 s and activated
partial thromboplastin time >39 s. Ethical approval was obtained from the local ethics committee
(CPP Sud-Est VI, ref AU765).

2.2. Blood Sampling and Processing

Blood was collected by venipuncture in 0.109 M citrate tubes (Beckton Dickinson, le Pont de Claix,
France) with 15 pg/mL of corn trypsin inhibitor to inhibit contact factor activation and after discarding
the first few milliliters of blood. Platelet-rich plasma (PRP) was obtained by centrifugation at 200 g
at room temperature for 10 min, without brake. Platelet-poor plasma (PPP) was prepared by double
centrifugation (2200 g, 20 °C for 15 min) with an intermediate plasma decantation, according to the
International Society on Thrombosis and Hemostasis (ISTH) guidelines [39]. PPP samples were stored
at —80 °C until testing (less than 3 months), if necessary. Before the experiments, frozen plasma
samples were thawed in a water bath at 37 °C for 5 min. Microparticle-rich plasma (MRP) was obtained
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from PPP centrifugation at 14,000 g at room temperature for 1 h. The microparticle-containing pellet
was resuspended in 100 pL of the supernatant after centrifugation (and thus microparticle-poor) to
concentrate microparticles by 5.0-fold.

(-)-Epicatechin stock solution (Extrasynthese, Lyon, France; 12.5 mM in DMSO) was diluted
with phosphate buffered saline (PBS) to 0.1, 1 and 10 mM working solutions that were then added
to the plasma samples to reach the target final concentrations of 1, 10 and 100 pM with a constant
1/100 dilution. An equivalent volume of vehicle was added to samples without epicatechin. Plasma
samples were incubated with epicatechin at 37 °C for 10 min.

Cytometry Analysis of Microparticles

All cytometry analyses were performed with fresh samples. The impact of epicatechin on
microparticles was determined in three conditions (all samples were pre-incubated with epicatechin):
after incubation of PRP samples with PBS, to assess the direct role of epicatechin on microparticle
production and their phospholipid and protein membrane composition (condition 1); after PRP
incubation with platelet activators to simulate microparticle production (calcium ionophore A23187
(Sigma-Aldrich, Saint-Louis, MO, USA)) (condition 2) and with thrombin receptor activating peptide
(TRAP; Roche, Mannheim, Germany) (condition 3), and to study epicatechin role in microparticle
production and composition (Figure Al). Afterwards, samples were incubated with FITC-conjugated
annexin-V (PS labeling), anti-CD41a-PE (glycoprotein IIb, clone HIPS8), anti-CD42b-APC (glycoprotein
Ib, clone HIP1) and anti-CD62P-BV421 (P-selectin, clone AK-4) antibodies (all from BD Biosciences) at
room temperature in the dark for 20 min. Isotype controls (at the same concentration as the primary
antibodies) were used as negative controls to differentiate non-specific background and specific
antibody signals. Immediately after labeling, samples were resuspended in 250 pL of 0.20 pm-filtered
annexin-V buffer and were analyzed on a BD FACS Canto II (BD Biosciences, Le Pont de Claix, France),
equipped with three lasers (407, 488 and 633 nm wavelengths) and the BDFACS Diva software (v.8.0.1).

Flow cytometer performance tracking was performed daily using the BD cytometer setup and
tracking beads (BD Biosciences). To ensure a limited background noise, filtered PBS (0.20 pm filter)
was analyzed before each run at least for 10 min.

For each analysis, 100 uL of fresh PPP diluted at 1/100 or 1/200 was transferred to a TruCount tube
(BD Biosciences) containing a lyophilized pellet that releases a known number of fluorescent beads to
allow microparticle quantification.

Before each series of sample analysis, fluorescent Megamix-Plus SSC Beads (Biocytex, Marseille,
France), a mix of fluorescent beads ranging from 0.1 to 1 pm, were used to define the gate consistent
with the microparticle size, according to the manufacturer’s instructions. The Megamix-Plus by its
standardized acquisition defines microparticles between 0.17 and 0.5 pm equivalent-SSC and allows
discriminating between small and large microparticles (i.e., smaller and bigger than 0.22 pm-eq SSC).
PMPs were characterized on the basis of the side scatter threshold defined using Megamix-Plus SSC
Beads and labeling with CD41a, a constitutive platelet receptor.

2.3. Phospholipid-Induced Procoagulant Activity of Microparticles

Microparticle procoagulant activity was determined using Zymuphen™ MP-ACTIVITY
(Hyphen-biomed, Neuville, France), a functional immunological assay, according to the manufacturer’s
protocol. Briefly, after pre-incubation with epicatechin, 5 uL of each PPP sample was incubated in
a well of a microplate coated with annexin V that can bind to electronegative phospholipids at the
microparticle surface. In the presence of calcium, factors (F) Xa and FVa, prothrombin are activated into
thrombin in relation with microparticle exposure to phospholipids. Thrombin activity was measured
by absorbance at 405 nm on a spectrophotometer (Spark, Tecan, Switzerland) following cleavage of a
specific substrate. Plasma microparticle concentration was expressed in nM of PS equivalent.
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2.4. Tissue factor (TF)-Induced Procoagulant Activity of Microparticles

Microparticle procoagulant activity was determined using Zymuphen™ MP-TF (Hyphen-biomed),
a functional immunological assay, according to the manufacturer’s protocol. Briefly, after pre-incubation
with epicatechin, 20 uL of PPP was incubated in wells coated with an anti-TF monoclonal antibody.
In the presence of calcium, FVIla and FX, TF-positive microparticles form the TF-FVIla complex and
activate FX into FXa. TF-induced microparticle procoagulant activity was correlated with FXa activity
on a specific substrate measured by absorbance at 405 nm on a spectrophotometer (Tecan) and was
expressed in pg/mL.

2.5. Thrombin Generation Assays

Thrombin generation assays (TGA) were used in two experimental conditions to measure
epicatechin effect on microparticle procoagulant activity by following the thrombin formation kinetics.
First, MRP samples were incubated with increasing concentrations of epicatechin, as before, to evaluate
the anticoagulant impact of epicatechin. Second, PRP samples were incubated with epicatechin before
platelet stimulation by addition of 20 uM of the calcium ionophore A23187 (Sigma-Aldrich) that
promotes platelet activation and apoptosis [40]. Then, MRPs were prepared as described above, and
TGA were performed to evaluate the impact of epicatechin on the release of procoagulant microparticles
from platelets.

TGA were performed using a modified Calibrated Automated Thrombogram method developed
by Hemker [41], with a fluorometer (Fluoroscan Ascent, ThermoLab Systems, Franklin, TN, USA)
equipped with a dispenser. Briefly, in 96-well plates Immulon 2HB, Waltham, MA, USA), 30 uL of
MRP samples was used as the source of phospholipids and TF. Then, 70 uL of a pool of normal plasma
from 10 healthy donors, 20 uL of fluorogenic substrate and CaCl, (FluCa-Kit®, Thrombinoscope BV)
were added to the wells. In parallel, each sample was calibrated with Thrombin Calibrator® (Stago,
Asnieres, France) and the same pool of normal plasma. The main parameter was the endogenous
thrombin potential (ETP, area under the curve). All tests were performed in duplicate with a maximum
difference <10% for ETP (nM.min) between curves. Raw data were analyzed using Thrombinoscope™
V5 (Thrombinoscope BV, Maastricht, The Netherlands).

2.6. Statistical Analysis

Statistical analyses were performed with the Prism software, version 6 (GraphPad software, Inc.,
La Jolla, CA, USA). Tests were two-sided, with a type I error set at x = 0.05. Continuous data were
presented as the mean + standard deviation (SD). The statistical significance of differences between
classes was determined with ANOVA, or the Friedman test when the ANOVA conditions were not met
(normality and homoscedasticity verified with the Bartlett test), followed by the appropriate multiple
comparison post-hoc tests (Tukey—Kramer or Dunn test, respectively).

3. Results

3.1. PMP Phenotype by Flow Cytometry

Pre-incubation with epicatechin did not have any effect on PMP concentration (PMP/uL) in PRP
samples incubated with PBS (64,153 + 45,388 for samples incubated with vehicle and 68,726 + 41,966,
77,864 + 49,161 and 59,841 + 29,101 for samples incubated with 1 uM, 10 uM and 100 uM of epicatechin,
respectively), with the calcium ionophore (537,613 + 481,651 PMP/uL for samples incubated with
vehicle and 683,474 + 469,130, 551,204 + 349,680 and 578,943 + 375,997 for samples incubated with
1 uM, 10 uM and 100 pM of epicatechin, respectively) and with TRAP (100,870 + 97,521 PMP/uL for
samples incubated with vehicle and 117,215 + 68,917, 101,101 + 46,059 and 111,693 + 76,321 for samples
incubated with 1 uM, 10 uM and 100 uM of epicatechin, respectively). The concentrations of the two
PMP populations (small and large) were not modified by pre-incubation with epicatechin, in all tested
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conditions. Of note, the inter-individual variability of PMP concentration was high, as indicated by the
coefficient of variation of 70%.

On the other hand, epicatechin influenced the expression of CD62P at the PMP surface. When
PRP was incubated with PBS, the percentage of CD62P-positive PMP decreased from 20.5 + 13.7 in
samples incubated with vehicle to 15.1 + 10.4 (p < 0.05), 18.6 + 11.5 (p = 0.34) and 15.3 + 9.3 (p < 0.05)
in samples incubated with 1 uM, 10 uM and 100 uM of epicatechin, respectively. The percentage of
small and large CD62P-positive PMP also was modified: 13.4 + 10.5 versus 7.8 £ 9.3 (p < 0.05), 9.3 + 8.6
(p=0.17),7.4 £ 6.7 (p < 0.05) for small PMP, and 21.4 + 14.3 versus 16.1 + 9.5 (p < 0.05), 19.6 + 12.3
(p =0.16),16.6 £ 9.7 (p < 0.05) for large PMP in samples incubated with vehicle versus 1 uM, 10 uM and
100 uM epicatechin, respectively. When PRP samples were incubated with the calcium ionophore or
TRAP, the percentage of CD62P-positive PMP remained stable (31.4 + 17.2 to 34.4 £ 11.9, and 13.0 £ 9.6
to 13.4 + 9.5 for samples pre-incubated with vehicle and 100 uM epicatechin followed by calcium
ionophore and TRAP, respectively), without any impact on the two sub-populations (small and large).

Epicatechin did not have any effect on the expression of PS (bound to annexin V), a driving
force of the coagulation propagation phase. PS-positive PMP concentration (per puL) remained stable
after incubation of PRP samples with PBS (51,136 + 32,617 for samples incubated with vehicle and
57,889 + 33,060, 64,977 + 42,499 and 49,983 + 25,245 for samples incubated with 1 uM, 10 uM and
100 uM epicatechin, respectively), with the calcium ionophore (471,828 + 317,764 for samples incubated
with vehicle and 571,121 + 367,628 for samples incubated with 100 uM epicatechin) and with TRAP
(84,045 + 89,370 for samples incubated with vehicle and 81,023 + 42,741 for samples incubated with
100 uM epicatechin). After incubation with the calcium ionophore and TRAP, PS-positive PMP
concentration remained stable also in the two sub-populations.

Epicatechin influenced the expression of CD42b (glycoprotein Ib) that participates in the
coagulation process. After incubation with PBS, CD42b-positive PMP concentration (PMP/uL)
decreased from 20743 + 24985 in samples incubated with vehicle to 14,939 + 14,333 (p = 0.6),
21,366 + 16,949 (p = 0.9) and 15,425 + 9953 (p < 0.05) in samples incubated with 1 uM, 10 uM and
100 uM epicatechin, respectively (Figure 1A). This decrease was mainly explained by the reduction in
the concentration of CD42b-positive PMPs in the small subpopulation, from 1350 + 1234 (in samples
incubated with vehicle) to 783 + 488 (p < 0.05) (in samples incubated with 100 uM epicatechin)
(Figure 1B), while the large CD42b-positive PMP subpopulation remained stable.
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Figure 1. Impact of epicatechin on the concentration of platelet microparticles (PMPs) that express
glycoprotein Ib. (A) Total PMP population. (B) Small PMP subpopulation. * Significant effect of intensity.

After incubation with the calcium ionophore or TRAP, the concentration of CD42b-positive
PMPs was comparable in samples pre-incubated with vehicle and epicatechin. The changes in
CD42b-positive PMP levels in the small subpopulation were associated with a decrease in the median
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CD42b fluorescence signal from 85 + 77 in samples incubated with vehicle to 45 + 50 (p < 0.01),
61 + 40 (p < 0.5) and 46 + 45 (p < 0.5) in samples incubated with 1 uM, 10 uM and 100 uM epicatechin,
respectively (Figure 2).
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Figure 2. Impact of epicatechin on glycoprotein Ib expression at the surface of small PMPs. *, **
Significant effect of intensity.

In all experimental conditions, incubation with epicatechin induced an imbalance in the small to
large PMP ratio (%). After incubation with PBS, this ratio decreased from 9.4 + 5.6 in samples incubated
with vehicle to 8.3 + 5.3 (p = 0.9), 6.8 + 5.1 (p < 0.01) and 6.4 + 4.5 (p < 0.05) in samples incubated with
1 uM, 10 uM and 100 uM epicatechin, respectively. After incubation with the calcium ionophore, this
ratio decreased from 31.9 + 15.6 in samples incubated with vehicle to 25.7 + 14.8 (p < 0.01), 26.9 = 16.1
(p < 0.05) and 24.9 + 10.8 (p < 0.05) in samples incubated with 1 uM, 10 uM and 100 uM epicatechin,
respectively. After PRP incubation with TRAP, the ratio dropped from 20.3 + 32.8 in samples incubated
with vehicle to 11.0 £ 8.2, 8.7 £ 8.2 and 6.4 + 4.8 (p < 0.05) in samples incubated with 1 uM, 10 uM and
100 uM epicatechin, respectively.

3.2. Epicatechin Effect on Microparticle-Induced Coagulation

Epicatechin influenced microparticle concentration when their procoagulant activity in response
to phospholipids was assessed using the Zymuphen™ MP activity kit. PS-positive microparticle
concentration (nM PS) decreased from 5.6 + 2.0 in samples incubated with vehicle to 5.1 + 2.2 (p = 0.5),
45+ 1.5 (p <0.05) and 4.7 + 2.0 (p < 0.05) in samples incubated with 1, 10 and 100 uM epicatechin,
respectively (Figure 3A).

No impact of epicatechin on TF-positive microparticle concentration (pg/mL) was observed when
the procoagulant activity was induced by TF and assessed using the Zymuphen™ MP-TF kit: 2.0 + 0.8
in samples incubated with vehicle, and 2.0 + 0.9 (p =0.9),1.8 £ 0.8 (p = 0.9) and 1.9 + 0.8 (p = 0.9) in
samples incubated with 1, 10 and 100 uM epicatechin, respectively (Figure 3B).

Epicatechin influenced TGA performed with MRP as source of phospholipids and TE. ETP (nM.min)
decreased from 586 + 302 in samples incubated with vehicle to 509 + 226 (p = 0.3), 512 + 270 (p = 0.3) and
445 + 283 (p < 0.05) in samples incubated with 1, 10 and 100 pM epicatechin, respectively (Figure 4A).
Thrombin peak (nM) also decreased from 9 + 6 in samples incubated with vehicleto 7 + 5 (p = 0.2),
7+5(p=04)and 6 =5 (p < 0.05) in samples incubated with 1, 10 or 100 uM epicatechin, respectively
(Figure 4B). Thrombin activation kinetics tended to change, but not significantly. Specifically, lag time
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and time to peak ranged from 40.2 + 19.5 and 69 + 32 in samples incubated with vehicle to 53.1 + 25.2
and 88 + 38 in samples incubated with 100 uM epicatechin, respectively.

In calcium-stimulated PRP, ETP decreased from 779 + 246 in samples incubated with vehicle to
739 + 243 (p < 0.05), 774 + 257 (p = 0.4) and 708 + 268 (p < 0.001) in samples incubated with 1, 10 and
100 uM epicatechin, respectively (Figure 5A). Thrombin peak also decreased from 65 + 34 in samples
incubated with vehicle to 60 + 33 (p < 0.05), 68 + 33 (p = 0.6) and 64 + 41 (p < 0.05) in samples incubated
with 1, 10 and 100 uM epicatechin, respectively (Figure 5B). Thrombin activation kinetics were similar
in all experimental conditions, with a lag time of about 15 min and a time to peak of about 22 min.

These data showed that 100 uM epicatechin can inhibit microparticle-mediated coagulation
without affecting the lag time of thrombin generation.
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Figure 3. Effect of epicatechin on the concentration of microparticles (MPs) that express
(A) phosphatidylserine (PS) and (B) tissue factor (TF). * Significant effect of intensity.
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Figure 4. Effect of epicatechin on thrombin generation in microparticle-rich plasma. (A) Endogenous
thrombin potential (ETP). (B) Thrombin peak. * Significant effect of intensity.
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Figure 5. Effect of epicatechin on thrombin generation in microparticle-rich plasma after microparticle
release stimulation by incubation with the calcium ionophore. (A) Endogenous thrombin potential
(ETP). (B) Thrombin peak. *, *** Significant effect of intensity.

4. Discussion

There is strong evidence of the antiplatelet effects of dietary polyphenols, and it is suggested that
polyphenols may have an impact on microparticles [42]. The present study investigated epicatechin role
in microparticle formation and procoagulant potential that plays a key role in CVD (Figure 6) [43,44].
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Figure 6. Overview of the impacts of epicatechin on microparticles.

Our findings show that overall, epicatechin does not influence the concentration of PMPs, which
were identified by labeling with the constitutive platelet receptor CD41a, even after platelet activation
by agonists, such as TRAP or a calcium ionophore. However, some PMP sub-populations seem to
be affected by epicatechin. Indeed, the percentage of total (small and large) P-selectin-expressing
PMPs decreased, while PS expression was unchanged. The expression of Gplb at the PMP surface,
particularly in small PMPs, was reduced already by incubation with 1 uM of epicatechin. Epicatechin
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also generated an imbalance between large and small Gplb-positive PMPs, following stimulation with
the calcium ionophore, by increasing the large microparticle fraction.

There is evidence that microparticles smaller than 0.5 um have specific properties, such as inhibition of
the collagen/adenosine-diphosphate-mediated formation of platelet thrombi [45]. The epicatechin-induced
decrease in Gplb-positive microparticles could impair their reactivity to thrombin and von Willebrand
factor [46], and might have a direct impact on myocardial infarction pathogenesis [47]. Furthermore,
epicatechin effect from 1 uM on P-selectin-expressing PMPs could have a beneficial effect on the risk of
major adverse cardiovascular events after myocardial infarction [48,49], probably because of P-selectin
role in thrombosis and in the recruitment of leukocytes in inflammation [50,51].

Microparticles are procoagulant factors due to their membrane that supports the coagulation
enzymatic cascade. This property is reinforced by anionic phospholipids (e.g., PS) and TF, the main
coagulation activator [52]. Here, we observed a functional impact of epicatechin on microparticle
procoagulant role. Specifically, incubation with epicatechin reduced their phospholipid-mediated
procoagulant activity (from 10 uM of epicatechin), but not the activity mediated by TFE. Interestingly,
TGA, which uses microparticles as phospholipid source and TF to trigger coagulation, is decreased
by epicatechin. These data seem to demonstrate that epicatechin can inhibit microparticle-mediated
coagulation by affecting the number and phenotype of the released microparticles, and/or the enzymatic
reaction of coagulation.

Several studies have shown that initiation of thrombin generation is mainly supported by
microparticles derived from monocytes, and not by PMPs [53,54]. However, PMPs contribute to
clot propagation and to prothrombotic activities after initiation [55], Surprisingly, we found that
PS-expressing PMPs were not modified by epicatechin. It was previously reported that epicatechin can
inhibit thrombin activity [56,57]. This could explain the effect on the procoagulant activity mediated
by phospholipids and on thrombin generation, and the absence of effect on the procoagulant action
mediated by TF. Taken together, these data support epicatechin interest in CVD through its action
on microparticles (PMP generation and size/properties) and on thrombin generation. Its capacity to
modulate microparticles could contribute to its health protective effects [58].

This study has some limitations. Ottaviani et al. showed that among the stereoisomers of
flavan-3-ol, (-)-epicatechin is the one with the highest bioavailability [59]. It would also be interesting
to explore the effect of long-term in vivo exposure to lower concentrations of epicatechin, instead of
short in vitro exposure to higher concentrations [60]. In vivo, epicatechin is present in the plasma as
conjugated derivatives, resulting from phase II metabolism occurring after its intestinal absorption [61].
More studies are needed to thoroughly assess the bioactivity of epicatechin metabolites at physiologically
relevant concentrations that we could not perform because they are not available yet. This is an in vitro
study that must be completed by mechanistic investigations.

In conclusion, we demonstrated that epicatechin positively affects microparticle generation,
phenotype and procoagulant properties, particularly PMPs. Given microparticle importance in CVD
and the major complications of CVD, these data open new perspectives on how epicatechin can affect
coagulation that deserve to be confirmed in in vivo studies.
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Appendix A

15 healthy subjects
12 women and 3 men

|
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Centrifugation at 200 g for 10 min
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0,1, 10, and 100 uM
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Figure A1. Study flow diagram describing the cytometry analysis of microparticles. TRAP: thrombin
receptor activating peptide; PBS: phosphate buffered saline.

References

1. Varon, D.; Shai, E. Platelets and their microparticles as key players in pathophysiological responses.
J. Thromb. Haemost. 2015, 13 (Suppl. 1), S540-S46. [CrossRef] [PubMed]

2. El-Gamal, H.; Parray, A.S.; Mir, FA.; Shuaib, A.; Agouni, A. Circulating microparticles as biomarkers of
stroke: A focus on the value of endothelial- and platelet-derived microparticles. J. Cell. Physiol. 2019, 234,
16739-16754. [CrossRef] [PubMed]

3. Lovren, F; Verma, S. Evolving role of microparticles in the pathophysiology of endothelial dysfunction.
Clin. Chem. 2013, 59, 1166-1174. [CrossRef] [PubMed]

4. Pardo, F; Villalobos-Labra, R.; Sobrevia, B.; Toledo, F.; Sobrevia, L. Extracellular vesicles in obesity and
diabetes mellitus. Mol. Aspects Med. 2018, 60, 81-91. [CrossRef]

5. Raeven, P; Zipperle, J.; Drechsler, S. Extracellular Vesicles as Markers and Mediators in Sepsis. Theranostics
2018, 8, 3348-3365. [CrossRef]

6.  Hargett, L.A.; Bauer, N.N. On the origin of microparticles: From “platelet dust” to mediators of intercellular
communication. Pulm. Circ. 2013, 3, 329-340. [CrossRef]

7. Zaldivia, M.T.K,; McFadyen, ].D.; Lim, B.; Wang, X.; Peter, K. Platelet-Derived Microvesicles in Cardiovascular
Diseases. Front. Cardiovasc. Med. 2017, 4, 74. [CrossRef]

8. Diamant, M.; Tushuizen, M.E,; Sturk, A.; Nieuwland, R. Cellular microparticles: New players in the field of
vascular disease? Eur. J. Clin. Investig. 2004, 34, 392—-401. [CrossRef]

9.  Ratajczak, J.; Wysoczynski, M.; Hayek, E; Janowska-Wieczorek, A.; Ratajczak, M.Z. Membrane-derived

microvesicles: Important and underappreciated mediators of cell-to-cell communication. Leukemia 2006, 20,
1487-1495. [CrossRef]


http://dx.doi.org/10.1111/jth.12976
http://www.ncbi.nlm.nih.gov/pubmed/26149049
http://dx.doi.org/10.1002/jcp.28499
http://www.ncbi.nlm.nih.gov/pubmed/30912147
http://dx.doi.org/10.1373/clinchem.2012.199711
http://www.ncbi.nlm.nih.gov/pubmed/23529703
http://dx.doi.org/10.1016/j.mam.2017.11.010
http://dx.doi.org/10.7150/thno.23453
http://dx.doi.org/10.4103/2045-8932.114760
http://dx.doi.org/10.3389/fcvm.2017.00074
http://dx.doi.org/10.1111/j.1365-2362.2004.01355.x
http://dx.doi.org/10.1038/sj.leu.2404296

Nutrients 2020, 12, 2935 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sprague, D.L.; Elzey, B.D,; Crist, S.A.; Waldschmidt, T.].; Jensen, R.J.; Ratliff, T.L. Platelet-mediated modulation
of adaptive immunity: Unique delivery of CD154 signal by platelet-derived membrane vesicles. Blood 2008,
111, 5028-5036. [CrossRef] [PubMed]

Italiano, J.E.; Mairuhu, A.T.A.; Flaumenhaft, R. Clinical relevance of microparticles from platelets and
megakaryocytes. Curr. Opin. Hematol. 2010, 17, 578-584. [CrossRef] [PubMed]

Dovizio, M.; Bruno, A.; Contursi, A.; Grande, R.; Patrignani, P. Platelets and extracellular vesicles in cancer:
Diagnostic and therapeutic implications. Cancer Metastasis Rev. 2018, 37, 455-467. [CrossRef] [PubMed]
Haemmerle, M.; Stone, R.L.; Menter, D.G.; Afshar-Kharghan, V.; Sood, A.K. The Platelet Lifeline to Cancer:
Challenges and Opportunities. Cancer Cell 2018, 33, 965-983. [CrossRef] [PubMed]

Plantureux, L.; Mege, D.; Crescence, L.; Carminita, E.; Robert, S.; Cointe, S.; Brouilly, N.; Ezzedine, W.;
Dignat-George, F.; Dubois, C.; et al. The Interaction of Platelets with Colorectal Cancer Cells Inhibits Tumor
Growth but Promotes Metastasis. Cancer Res. 2020, 80, 291-303. [CrossRef]

Boulanger, C.M.; Amabile, N.; Tedgui, A. Circulating microparticles: A potential prognostic marker for
atherosclerotic vascular disease. Hypertension 2006, 48, 180-186. [CrossRef] [PubMed]

Kuriyama, N.; Nagakane, Y.; Hosomi, A.; Ohara, T.; Kasai, T.; Harada, S.; Takeda, K.; Yamada, K.; Ozasa, K,;
Tokuda, T.; et al. Evaluation of factors associated with elevated levels of platelet-derived microparticles in
the acute phase of cerebral infarction. Clin. Appl. Thromb. Hemost. 2010, 16, 26-32. [CrossRef]

Hartopo, A.B.; Puspitawati, I.; Gharini, PP.R.; Setianto, B.Y. Platelet microparticle number is associated with
the extent of myocardial damage in acute myocardial infarction. Arch. Med. Sci. 2016, 12, 529-537. [CrossRef]
van der Zee, PM.; Birg, E.; Ko, Y.; de Winter, R.J.; Hack, C.E.; Sturk, A.; Nieuwland, R. P-selectin- and
CD63-exposing platelet microparticles reflect platelet activation in peripheral arterial disease and myocardial
infarction. Clin. Chem. 2006, 52, 657—-664. [CrossRef]

Michelsen, A.E.; Notg, A.-T.; Brodin, E.; Mathiesen, E.B.; Brosstad, F.; Hansen, ].-B. Elevated levels of platelet
microparticles in carotid atherosclerosis and during the postprandial state. Thromb. Res. 2009, 123, 881-886.
[CrossRef]

Michelsen, A E.; Brodin, E.; Brosstad, F.; Hansen, J.-B. Increased level of platelet microparticles in survivors
of myocardial infarction. Scand. ]. Clin. Lab. Investig. 2008, 68, 386-392. [CrossRef]

Heeschen, C.; Dimmeler, S.; Hamm, C.W.; van den Brand, M.].; Boersma, E.; Zeiher, A.M.; Simoons, M.L.;
CAPTURE Study Investigators. Soluble CD40 ligand in acute coronary syndromes. N. Engl. ]. Med. 2003,
348,1104-1111. [CrossRef] [PubMed]

Melki, I; Tessandier, N.; Zufferey, A.; Boilard, E. Platelet microvesicles in health and disease. Platelets 2017,
28,214-221. [CrossRef] [PubMed]

Shantsila, E.; Kamphuisen, PW.; Lip, G.Y.H. Circulating microparticles in cardiovascular disease: Implications
for atherogenesis and atherothrombosis. J. Thromb. Haemost. 2010, 8, 2358-2368. [CrossRef]

Wang, Z.-T.; Wang, Z.; Hu, Y.-W. Possible roles of platelet-derived microparticles in atherosclerosis.
Atherosclerosis 2016, 248, 10-16. [CrossRef] [PubMed]

Del Bo’, C.; Bernardi, S.; Marino, M.; Porrini, M.; Tucci, M.; Guglielmetti, S.; Cherubini, A.; Carrieri, B.;
Kirkup, B.; Kroon, P; et al. Systematic Review on Polyphenol Intake and Health Outcomes: Is there Sufficient
Evidence to Define a Health-Promoting Polyphenol-Rich Dietary Pattern? Nutrients 2019, 11, 1355. [CrossRef]
Poti, F.; Santi, D.; Spaggiari, G.; Zimetti, F.; Zanotti, I. Polyphenol Health Effects on Cardiovascular and
Neurodegenerative Disorders: A Review and Meta-Analysis. Int. J. Mol. Sci. 2019, 20, 351. [CrossRef]
Rienks, J.; Barbaresko, J.; Nothlings, U. Association of Polyphenol Biomarkers with Cardiovascular Disease
and Mortality Risk: A Systematic Review and Meta-Analysis of Observational Studies. Nutrients 2017, 9, 415.
[CrossRef]

Ostertag, L.M.; Kroon, PA.; Wood, S.; Horgan, G.W.; Cienfuegos-Jovellanos, E.; Saha, S.; Duthie, G.G.;
de Roos, B. Flavan-3-ol-enriched dark chocolate and white chocolate improve acute measures of platelet
function in a gender-specific way—A randomized-controlled human intervention trial. Mol. Nutr. Food Res.
2013, 57, 191-202. [CrossRef] [PubMed]

Ostertag, L.M.; O’Kennedy, N.; Kroon, P.A.; Duthie, G.G.; de Roos, B. Impact of dietary polyphenols on
human platelet function—A critical review of controlled dietary intervention studies. Mol. Nutr. Food Res.
2010, 54, 60-81. [CrossRef]

Singh, I.; Mok, M.; Christensen, A.-M.; Turner, A.H.; Hawley, J.A. The effects of polyphenols in olive leaves
on platelet function. Nutr. Metab. Cardiovasc. Dis. 2008, 18, 127-132. [CrossRef]


http://dx.doi.org/10.1182/blood-2007-06-097410
http://www.ncbi.nlm.nih.gov/pubmed/18198347
http://dx.doi.org/10.1097/MOH.0b013e32833e77ee
http://www.ncbi.nlm.nih.gov/pubmed/20739880
http://dx.doi.org/10.1007/s10555-018-9730-4
http://www.ncbi.nlm.nih.gov/pubmed/29855749
http://dx.doi.org/10.1016/j.ccell.2018.03.002
http://www.ncbi.nlm.nih.gov/pubmed/29657130
http://dx.doi.org/10.1158/0008-5472.CAN-19-1181
http://dx.doi.org/10.1161/01.HYP.0000231507.00962.b5
http://www.ncbi.nlm.nih.gov/pubmed/16801490
http://dx.doi.org/10.1177/1076029609338047
http://dx.doi.org/10.5114/aoms.2016.59926
http://dx.doi.org/10.1373/clinchem.2005.057414
http://dx.doi.org/10.1016/j.thromres.2008.10.016
http://dx.doi.org/10.1080/00365510701794957
http://dx.doi.org/10.1056/NEJMoa022600
http://www.ncbi.nlm.nih.gov/pubmed/12646667
http://dx.doi.org/10.1080/09537104.2016.1265924
http://www.ncbi.nlm.nih.gov/pubmed/28102737
http://dx.doi.org/10.1111/j.1538-7836.2010.04007.x
http://dx.doi.org/10.1016/j.atherosclerosis.2016.03.004
http://www.ncbi.nlm.nih.gov/pubmed/26978582
http://dx.doi.org/10.3390/nu11061355
http://dx.doi.org/10.3390/ijms20020351
http://dx.doi.org/10.3390/nu9040415
http://dx.doi.org/10.1002/mnfr.201200283
http://www.ncbi.nlm.nih.gov/pubmed/23136121
http://dx.doi.org/10.1002/mnfr.200900172
http://dx.doi.org/10.1016/j.numecd.2006.09.001

Nutrients 2020, 12, 2935 12 of 13

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Aron, PM.; Kennedy, ]J.A. Flavan-3-ols: Nature, occurrence and biological activity. Mol. Nutr. Food Res. 2008,
52,79-104. [CrossRef] [PubMed]

Ma, W.; Waffo-Téguo, P; Jourdes, M.; Li, H.; Teissedre, P.-L. First evidence of epicatechin vanillate in grape
seed and red wine. Food Chem. 2018, 259, 304-310. [CrossRef] [PubMed]

Del Rio, D.; Rodriguez-Mateos, A.; Spencer, ].P.E.; Tognolini, M.; Borges, G.; Crozier, A. Dietary (poly)phenolics
in human health: Structures, bioavailability, and evidence of protective effects against chronic diseases.
Antioxid. Redox Signal. 2013, 18, 1818-1892. [CrossRef] [PubMed]

Mangels, D.R.; Mohler, E.R. Catechins as Potential Mediators of Cardiovascular Health. Arterioscler. Thromb.
Vasc. Biol. 2017, 37, 757-763. [CrossRef] [PubMed]

Bijak, M.; Dziedzic, A.; Saluk-Bijak, J. Flavonolignans reduce the response of blood platelet to collagen. Int. J.
Biol. Macromol. 2018, 106, 878-884. [CrossRef] [PubMed]

Bijak, M.; Szelenberger, R.; Saluk, J.; Nowak, P. Flavonolignans inhibit ADP induced blood platelets activation
and aggregation in whole blood. Int. J. Biol. Macromol. 2017, 95, 682—-688. [CrossRef] [PubMed]

Olas, B.; Wachowicz, B.; Stochmal, A.; Oleszek, W. The polyphenol-rich extract from grape seeds inhibits
platelet signaling pathways triggered by both proteolytic and non-proteolytic agonists. Platelets 2012, 23,
282-289. [CrossRef]

Zhang, X.; McGeoch, S.C.; Megson, LL.; MacRury, S.M.; Johnstone, A.M.; Abraham, P.; Pearson, D.W.M.;
de Roos, B.; Holtrop, G.; O’Kennedy, N.; et al. Oat-enriched diet reduces inflammatory status assessed
by circulating cell-derived microparticle concentrations in type 2 diabetes. Mol. Nutr. Food Res. 2014, 58,
1322-1332. [CrossRef]

Subcommittee on Control of Anticoagulation of the SSC of the ISTH. Towards a recommendation for the
standardization of the measurement of platelet-dependent thrombin generation. |. Thromb. Haemost. 2011, 9,
1859-1861. [CrossRef]

Gyulkhandanyan, A.V.; Mutlu, A.; Freedman, J.; Leytin, V. Selective triggering of platelet apoptosis, platelet
activation or both. Br. |. Haematol. 2013, 161, 245-254. [CrossRef]

Hembker, H.C.; Giesen, P.; AlDieri, R.; Regnault, V.; de Smed, E.; Wagenvoord, R.; Lecompte, T.; Béguin, S.
The calibrated automated thrombogram (CAT): A universal routine test for hyper- and hypocoagulability.
Pathophysiol. Haemost. Thromb. 2002, 32, 249-253. [CrossRef]

Ed Nignpense, B.; Chinkwo, K.A.; Blanchard, C.L.; Santhakumar, A.B. Polyphenols: Modulators of Platelet
Function and Platelet Microparticle Generation? Int. J. Mol. Sci. 2019, 21, 146. [CrossRef]

Badimon, L.; Suades, R.; Crespo, J.; Padro, T.; Chiva-Blanch, G. Diet, microparticles and atherothrombosis.
Front. Biosci. 2018, 23, 432-457. [CrossRef]

Voukalis, C.; Shantsila, E.; Lip, G.Y.H. Microparticles and cardiovascular diseases. Ann. Med. 2019, 51,
193-223. [CrossRef]

Dean, W.L.; Lee, M.].; Cummins, T.D.; Schultz, D.].; Powell, D.W. Proteomic and functional characterisation
of platelet microparticle size classes. Thromb. Haemost. 2009, 102, 711-718. [CrossRef]

Montoro-Garcia, S.; Shantsila, E.; Tapp, L.D.; Lépez-Cuenca, A.; Romero, A.L; Hernandez-Romero, D.;
Orenes-Pifiero, E.; Manzano-Fernandez, S.; Valdés, M.; Marin, E; et al. Small-size circulating microparticles in
acute coronary syndromes: Relevance to fibrinolytic status, reparative markers and outcomes. Atherosclerosis
2013, 227, 313-322. [CrossRef] [PubMed]

Porto, I.; Biasucci, L.M.; De Maria, G.L.; Leone, A.M.; Niccoli, G.; Burzotta, F.; Trani, C.; Tritarelli, A.;
Vergallo, R; Liuzzo, G.; et al. Intracoronary microparticles and microvascular obstruction in patients with
ST elevation myocardial infarction undergoing primary percutaneous intervention. Eur. Heart J. 2012, 33,
2928-2938. [CrossRef] [PubMed]

Christersson, C.; Thulin, A.; Siegbahn, A. Microparticles during long-term follow-up after acute myocardial
infarction. Association to atherosclerotic burden and risk of cardiovascular events. Thromb. Haemost. 2017,
117,1571-1581. [CrossRef] [PubMed]

Fernandez, M.; Calligaris, S.D. Circulating microparticles in cardiovascular disease: Going on stage!
Biomarkers 2019, 24, 423-428. [CrossRef]

Ivanov, LL; Apta, B.H.R.; Bonna, A.M.; Harper, M.T. Platelet P-selectin triggers rapid surface exposure of
tissue factor in monocytes. Sci. Rep. 2019, 9, 13397. [CrossRef]

Polgar, J.; Matuskova, J.; Wagner, D.D. The P-selectin, tissue factor, coagulation triad. J. Thromb. Haemost.
2005, 3, 1590-1596. [CrossRef] [PubMed]


http://dx.doi.org/10.1002/mnfr.200700137
http://www.ncbi.nlm.nih.gov/pubmed/18081206
http://dx.doi.org/10.1016/j.foodchem.2018.03.134
http://www.ncbi.nlm.nih.gov/pubmed/29680058
http://dx.doi.org/10.1089/ars.2012.4581
http://www.ncbi.nlm.nih.gov/pubmed/22794138
http://dx.doi.org/10.1161/ATVBAHA.117.309048
http://www.ncbi.nlm.nih.gov/pubmed/28336557
http://dx.doi.org/10.1016/j.ijbiomac.2017.08.091
http://www.ncbi.nlm.nih.gov/pubmed/28842200
http://dx.doi.org/10.1016/j.ijbiomac.2016.12.002
http://www.ncbi.nlm.nih.gov/pubmed/27923566
http://dx.doi.org/10.3109/09537104.2011.618562
http://dx.doi.org/10.1002/mnfr.201300820
http://dx.doi.org/10.1111/j.1538-7836.2011.04427.x
http://dx.doi.org/10.1111/bjh.12237
http://dx.doi.org/10.1159/000073575
http://dx.doi.org/10.3390/ijms21010146
http://dx.doi.org/10.2741/4598
http://dx.doi.org/10.1080/07853890.2019.1609076
http://dx.doi.org/10.1160/TH09-04-243
http://dx.doi.org/10.1016/j.atherosclerosis.2013.01.028
http://www.ncbi.nlm.nih.gov/pubmed/23415055
http://dx.doi.org/10.1093/eurheartj/ehs065
http://www.ncbi.nlm.nih.gov/pubmed/22453653
http://dx.doi.org/10.1160/TH16-11-0837
http://www.ncbi.nlm.nih.gov/pubmed/28424820
http://dx.doi.org/10.1080/1354750X.2019.1616822
http://dx.doi.org/10.1038/s41598-019-49635-7
http://dx.doi.org/10.1111/j.1538-7836.2005.01373.x
http://www.ncbi.nlm.nih.gov/pubmed/16102023

Nutrients 2020, 12, 2935 13 of 13

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Owens, A.P.; Mackman, N. Microparticles in hemostasis and thrombosis. Circ. Res. 2011, 108, 1284-1297.
[CrossRef] [PubMed]

Aleman, M.M.; Gardiner, C.; Harrison, P; Wolberg, A.S. Differential contributions of monocyte-
and platelet-derived microparticles towards thrombin generation and fibrin formation and stability.
J. Thromb. Haemost. 2011, 9, 2251-2261. [CrossRef] [PubMed]

Berckmans, R.J.; Nieuwland, R.; Boing, A.N.; Romijn, EP.; Hack, C.E.; Sturk, A. Cell-derived microparticles
circulate in healthy humans and support low grade thrombin generation. Thromb. Haemost. 2001, 85, 639-646.
[PubMed]

Macey, M.G.; Enniks, N.; Bevan, S. Flow cytometric analysis of microparticle phenotype and their role in
thrombin generation. Cytom. B Clin. Cytom. 2011, 80, 57-63. [CrossRef]

Bijak, M.; Ziewiecki, R.; Saluk, J.; Ponczek, M.; Pawlaczyk, I.; Krotkiewski, H.; Wachowicz, B.; Nowak, P.
Thrombin inhibitory activity of some polyphenolic compounds. Med. Chem. Res. 2014, 23, 2324-2337. [CrossRef]
Sinegre, T.; Teissandier, D.; Milenkovic, D.; Morand, C.; Lebreton, A. Epicatechin influences primary
hemostasis, coagulation and fibrinolysis. Food Funct. 2019, 10, 7291-7298. [CrossRef]

Qu, Z,; Liu, A,; Li, P; Liu, C.; Xiao, W.; Huang, J.; Liu, Z.; Zhang, S. Advances in physiological functions and
mechanisms of (-)-epicatechin. Crit. Rev. Food Sci. Nutr. 2020, 1-23. [CrossRef]

Ottaviani, J.I; Momma, T.Y.; Heiss, C.; Kwik-Uribe, C.; Schroeter, H.; Keen, C.L. The stereochemical
configuration of flavanols influences the level and metabolism of flavanols in humans and their biological
activity in vivo. Free Radic. Biol. Med. 2011, 50, 237-244. [CrossRef]

Borges, G.; Ottaviani, ].I; van der Hooft, ].J.].; Schroeter, H.; Crozier, A. Absorption, metabolism, distribution
and excretion of (-)-epicatechin: A review of recent findings. Mol. Aspects Med. 2018, 61, 18-30. [CrossRef]

Ottaviani, J.I.; Borges, G.; Momma, T.Y.; Spencer, ].P.E.; Keen, C.L.; Crozier, A.; Schroeter, H. The metabolome
of [2-(14)C](-)-epicatechin in humans: Implications for the assessment of efficacy, safety, and mechanisms of
action of polyphenolic bioactives. Sci. Rep. 2016, 6, 29034. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1161/CIRCRESAHA.110.233056
http://www.ncbi.nlm.nih.gov/pubmed/21566224
http://dx.doi.org/10.1111/j.1538-7836.2011.04488.x
http://www.ncbi.nlm.nih.gov/pubmed/21883880
http://www.ncbi.nlm.nih.gov/pubmed/11341498
http://dx.doi.org/10.1002/cyto.b.20551
http://dx.doi.org/10.1007/s00044-013-0829-4
http://dx.doi.org/10.1039/C9FO00816K
http://dx.doi.org/10.1080/10408398.2020.1723057
http://dx.doi.org/10.1016/j.freeradbiomed.2010.11.005
http://dx.doi.org/10.1016/j.mam.2017.11.002
http://dx.doi.org/10.1038/srep29034
http://www.ncbi.nlm.nih.gov/pubmed/27363516
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Blood Sampling and Processing 
	Phospholipid-Induced Procoagulant Activity of Microparticles 
	Tissue factor (TF)-Induced Procoagulant Activity of Microparticles 
	Thrombin Generation Assays 
	Statistical Analysis 

	Results 
	PMP Phenotype by Flow Cytometry 
	Epicatechin Effect on Microparticle-Induced Coagulation 

	Discussion 
	
	References

