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INTRODUCTION

Anti-platelet therapy is fundamental for primary and 
secondary prevention of cardiovascular diseases [1,2]. 
Aspirin and clopidogrel are the most widely used an-

ti-platelet agents in cardiovascular diseases. Current 
guidelines recommend aspirin and P2Y12 inhibitors for 
patients with coronary stent implantation for designated 
periods and permanent aspirin thereafter [3]. However, 
many patients still experience adverse ischemic events 
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Background/Aims: Although epigallocatechin-3-gallate (EGCG), which is found 
in high contents in the dried leaves of green tea, has been reported to have an an-
ti-platelet effect, synergistic effects of EGCG in addition to current anti-platelet 
medications remains to be elucidated.
Methods: Blood samples were obtained from 40 participants who took aspirin 
(ASA, n = 10), clopidogrel (CPD, n = 10), ticagrelor (TCG, n = 10) and no anti-plate-
let medication (Control, n = 10). Ex vivo platelet aggregation and adhesion under 
various stimulators were analyzed by multiple electrode aggregometry (MEA) and 
Impact-R systems. PAC-1 and P-selectin expressions in human platelets were ana-
lyzed by flow cytometry.
Results: In MEA analysis, adenosine diphosphate (ADP) and thrombin receptor 
activating peptide (TRAP)-induced platelet aggregations were lower in the CPD 
and the TCG groups; arachidonic acid (AA)-induced platelet aggregation was low-
er in the ASA group, whereas collagen (COL)-induced platelet aggregations were 
comparable among four groups. EGCG significantly reduced ADP- and COL-in-
duced platelet aggregation in dose-dependent manner (ADP, p = 0.04; COL, p < 
0.01). There were no additional suppressions of platelet aggregation stimulated by 
AA in the ASA group, and by ADP in the CPD and TCG groups. Moreover, EGCG 
suppressed shear stress-induced platelet adhesion on Impact-R, and had no effect 
on P-selectin and PAC-1 expressions.
Conclusions: Ex vivo treatment of EGCG inhibited platelet adhesion and aggrega-
tion without changes in P-selectin and PAC-1 expression. There was no additional 
suppressions in platelet aggregation stimulated by AA in the ASA group and ADP 
in the CPD and TCG groups.
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even during dual anti-platelet therapy, suggesting un-
met needs of novel anti-platelet effects without increas-
ing bleeding risk. About 5% to 45% of patients with aspi-
rin and 5% to 30% of patients with clopidogrel showed 
significant residual platelet aggregation activities [4-6], 
and those who show resistance to the current standard 
anti-platelet agents revealed poor clinical outcome [7]. 
Moreover, recent development of new potent anti-plate-
let agents such as prasugrel and ticagrelor elicited the 
concern for hemorrhagic side-effects. Therefore, de-
velopment of new anti-platelet agents with stable an-
ti-platelet effect and minimal bleeding risk would be of 
great value in patients with cardiovascular diseases [8]. 

Epigallocatechin-3-gallate (EGCG), which is extracted 
from green tea, has been recently demonstrated to have 
anti-platelet effect in addition to anti-oxidative, anti-an-
giogenic, and anti-cancer effects [9-12]. EGCG also im-
proved platelet concentration preservation through the 
inhibition of platelet activation and apoptosis [13]. How-
ever, there were limited reports of EGCG on detailed 
platelet functions especially in participants with an-
ti-platelet agents. In this study, we explored in vitro an-
ti-platelet effects of EGCG on human platelets obtained 
from the participants under the current anti-platelet 
therapy.

METHODS

Study design
From November 2014 to March 2015, we recruited the 
participants from the outpatient clinic of Cardiovascu-
lar Center in Korea University Anam Hospital. After the 
clinical evaluations, the participants with prior history 
of myocardial infarction, stroke, percutaneous coronary 
intervention and coronary artery bypass graft, clinical 
evidence of myocardial ischemia documented by stress 
tests, presence of angiographically significant (≥ 50% of 
diameter stenosis) coronary artery stenosis, and taking 
other anti-platelet agents were excluded. Finally, 40 par-
ticipants were randomized into four groups: (1) control 
group (no anti-platelet agent), (2) aspirin group (ASA; 
aspirin 100 mg once daily), (3) clopidogrel group (CPD; 
clopidogrel 75 mg once daily), and (4) ticagrelor group 
(TCG; ticagrelor 90 mg twice daily). Participants of each 
group except the control group were administered with 

the randomized anti-platelet agent for 7 days. The study 
was approved by the Institutional Review Board of Ko-
rea University Anam Hospital (IRB No. 14130) and per-
formed in accordance with the principles of the Dec-
laration of Helsinki. Written informed consents were 
obtained.

Preparation of EGCG
EGCG was obtained from Sigma-Aldrich (St. Louis, MO, 
USA; Cat. No. E4268), and stock solution was prepared in 
dimethyl sulfoxide as 10 mM concentration.

Blood preparation
All blood samples were obtained in the morning after 
at least 8 hours of overnight fasting and drawn in tubes 
containing 3.2% sodium citrate. Anti-coagulated whole 
blood was used in this study. The isolated whole blood 
was incubated with either EGCG or control for 30 min-
utes at 37°C.

Multiple electrode platelet aggregometric assay 
The extent of platelet aggregation was assessed using 
Multiplate Analyzer (Roche Diagnostics, Mannheim, 
Germany) as previously described [14]. Briefly, 300 μL 
whole blood was mixed with 300 μL 0.9% normal saline 
and stirred for 3 minutes at 37°C. Various concentra-
tions of EGCG were preincubated with whole blood for 
30 minutes at 37°C, and then the mixed blood was tested 
with Multiplate Analyzer. Adenosine diphosphate (ADP, 
6.5 μM), arachidonic acid (AA, 0.5 mM), collagen (COL 
type, 3.2 μg/mL), or thrombin receptor activating peptide 
(TRAP, 32 μM) was added, and platelet aggregation was 
continuously recorded for 6 minutes. The adhesion of 
aggregated platelets to the electrodes led to an increase 
of impedance, which was detected for each sensor unit 
separately and transformed to aggregation units (AU) 
against time.

Shear stress-induced platelet adhesion assay
Shear stress-inducing platelet adhesion was analyzed 
by the Impact-R system (Matis Medical Co., Beersel, 
Belgium) as previously described [15]. Briefly, based on 
the cone and platelet analyzer technology, 130 μL whole 
blood was placed in a polystyrene well and set to flow 
(1800 S-1) using a rotating cone. After 2 minutes, the 
well was gently washed with PBS and stained with the 
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May-Gruenwald stain. Platelet deposition was measured 
as the surface coverage (SC) and average size (AS) of the 
adherent platelet particles by the Impact-R image ana-
lyzer system connected to a microscope.

Flow cytometric analysis
The expressions of P-selectin and PAC-1 on the surface 
of platelets were measured by flow cytometry (FACS Cal-
ibur, Beckton Dickinson, San Jose, CA, USA) calibrat-
ed daily with Spherotech RCP-30-5 calibration beads 
(Sphereotech, Lake Forest, IL, USA) to assure consis-
tent fluorescence measures [16]. Commercially available 
monoclonal antibodies such as fluorescein isothiocya-
nate (FITC)-conjugated PAC-1 (for the detection of acti-
vated GPIIb-IIIa; Becton Dickinson, San Jose, CA, USA), 
phycoerythrin (PE)-conjugated anti-P-selectin (Beckton 
Dickinson), and CD41a-Percp-Cy5.5 (for the identifica-
tion of platelets; Becton Dickinson) were used in the 
analysis. In brief, 15 μL whole blood was incubated with 
these antibody mixture for 15 minutes at room tempera-
ture. Platelet P-selectin and PAC-1 were expressed as 
mean fluorescent intensity (MFI). A total 10,000 events 
were acquired and analyzed for the data analysis.

Statistical analysis
Categorical variables were reported as count and con-
tinuous variables as the mean ± standard error (SE). In-
dependence of categorical variables was analyzed by the 
chi-square test. Multiple comparison was performed by 
using Tukey methods. Continuous variables were ana-
lyzed by the 1-way ANOVA. Only p values less than 0.05 
were considered statistically significant. All statistical 
analyses were performed using SAS version 9.3 (SAS In-
stitute Inc., Cary, NC, USA).

RESULTS

Baseline demographic characteristics are shown in Ta-
ble 1. There was no significant difference among four 
groups except that the mean age was higher in the CPD 
group than the other groups (Control, 52.0 ± 15.2 years; 
ASA, 53.9 ± 12.0 years; CPD, 66.5 ± 7.3 years; TCG, 58.3 ± 
8.5 years; p = 0.03).

Agonist-induced platelet aggregation
Basal ADP- and TRAP-induced platelet aggregations 
were lower in the CPD and the TCG groups (ADP: Con-
trol 41.1 ± 27.5, ASA 38.7 ± 17.9, CPD 21.8 ± 16.1, TCG 18.1 
± 17.3, p < 0.01; TRAP: Control 98.5 ± 27.7, ASA 94.0 ± 16.6, 
CPD 73.5 ± 30.6, TCG 70.4 ± 21.4, p = 0.03) (Fig. 1). AA-in-
duced platelet aggregation was lower in the ASA group 
(Control 50.9 ± 38.34, ASA 9.3 ± 17.1, CPD 30.1 ± 24.1, TCG 
18.1 ± 21.9, p < 0.01), whereas COL-induced platelet ag-
gregations were comparable among four groups. 

EGCG significantly reduced ADP- and COL-induced 
platelet aggregation in a dose-dependent manner in the 
Control group (ADP, p = 0.04; COL, p < 0.01). Howev-
er, EGCG showed only marginal inhibitory effects on 
TRAP- and AA-induced platelet aggregation in the Con-
trol group (TRAP, p = 0.10; AA, p = 0.10) (Fig. 1).

In the ASA group, EGCG significantly reduced ADP-,  
TRAP-, and COL-induced platelet aggregation in a 
dose-dependent manner (ADP, p < 0.01; TRAP, p < 0.01; 
COL, p = 0.04). However, EGCG did not additionally re-
duce AA-induced platelet aggregation in the ASA group 
(p = 0.94) (Fig. 1). In the CPD group, EGCG did not sig-
nificantly reduce ADP-, TRAP-, and COL-induced plate-
let aggregation in a dose-dependent manner (ADP, p = 
0.28; TRAP, p = 0.31; COL, p = 0.12). EGCG marginally 
reduced AA-induced platelet aggregation in the CPD 
group (p = 0.05) (Fig. 1). In the TCG group, EGCG did 
not significantly reduce ADP-, TRAP-, COL-, and AA-in-
duced platelet aggregation in a dose-dependent manner 
(ADP, p = 0.82; TRAP, p = 0.14; COL, p = 0.58; AA, p = 0.37). 
There was no significant difference in ADP-, TRAP-,  
AA-, and COL-induced platelet aggregation among 
four groups under the maximal EGCG treatment (200 
μmol/L) (Fig. 1). 

Shear stress-induced platelet adhesion
Shear stress-induced platelet adhesion (SC and AS) 
among four groups (SC, p = 0.45; AS, p = 0.15) revealed 
no significant differences among four groups (Fig. 2). 
However, after the treatment of EGCG significantly re-
duced SC in the ASA and the TCG groups (ASA, p = 0.01; 
TCG, p < 0.01). EGCG also significantly reduced AS in 
the Control, ASA, CPD groups (Control, p = 0.04; ASA,  
p = 0.04; CPD, p < 0.01). There were no significant differ-
ences in shear stress-induced platelet adhesion among 
four groups under the maximal EGCG treatment (200 
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μmoL/L; SC, p = 0.88; AS, p = 0.51). 

P-selectin and PAC-1 expression
Although there were no significant differences in the 
baseline ADP- and TRAP-induced P-selectin expres-
sions among the four groups, the baseline ADP- and 
TRAP-induced PAC-1 expressions were significantly 
lower in the TCG group compared to the other groups 
(ADP, p < 0.01; TRAP, p < 0.01) (Fig. 3). EGCG had no 
significant effect on PAC-1 and P-selectin expressions 
among four groups. Finally, the ADP and TRAP-induced 
PAC-1 expressions were significantly lower in the TCG 
group compared to the other groups under the maximal 
EGCG treatment (200 μmoL/L; ADP, p < 0.01; TRAP, p < 
0.01).

DISCUSSION

The novelty of the present study is to explore the ad-
ditional anti-platelet effects of EGCG in patients taking 
anti-platelet agents (aspirin, clopidogrel, and ticagrelor). 
We examined four different stimulants (ADP, TRAP, 
COL, and AA) induced platelet aggregations and shear 
stress induced platelet adhesions. Moreover, we also in-
vestigated the expression of platelet activation markers 
(PAC-1 and P-selectin), which were triggered by ADP 
and TRAP. We found that (1) EGCG strongly inhibited 
platelet aggregation and adhesions regardless of stim-
ulant types, and (2) EGCG had no significant effect on 
platelet activation.

EGCG, a flavonoid component of green tea, has been 
reported to have anti-proliferative, anti-apoptotic, an-
ti-inflammatory, and even anti-oxidant effects on the 

Table 1. Baseline demographic and laboratory characteristics

Variable Control  (n = 10) ASA  (n = 10) CPD  (n = 10) TCG  (n = 10) p value

Age, yr 52.0 ± 15.2 53.9 ± 12.0 66.5 ± 7.3 58.3 ± 8.5 0.03

Male sex 5 4 4 7 0.40

Height, cm 155.2 ± 10.2 159.2 ± 10.3 156.9 ± 6.5 175.5 ± 36.6 0.17

Body weight, kg 64.2 ± 13.9 58.8 ± 9.1 68.7 ± 10.2 70.9 ± 9.8 0.09

Risk factor

Smoking 3 3 3 4 0.25

Alcohol 3 5 3 3 0.21

Hypertension 5 4 6 7 0.26

Diabetes mellitus 2 1 2 2 0.85

Dyslipidemia 2 1 2 2 0.85

White blood cell, /µL 8,889 ± 2,868 7,320 ± 2,150 6,368 ± 1,389 7,492 ± 1,952 0.09

Hemoglobin, g/dL 13.8 ± 1.1 13.9 ± 1.2 12.9 ± 2.0 14.8 ± 1.3 0.06

Platelet, × 1,000/µL 241.7 ± 75.0 271.1 ± 80.9 225.0 ± 40.9 209.6 ± 34.3 0.18

AST, IU/L 27.0 ± 14.1 26.3 ± 9.2 33.4 ± 25.1 41.8 ± 48.3 0.60

ALT, IU/L 18.3 ± 6.4 17.9 ± 6.9 31.0 ± 26.2 27.9 ± 18.6 0.22

Creatinine, mg/dL 0.8 ± 0.1 0.9 ± 0.1 0.9 ± 0.2 0.9 ± 0.2 0.49

Total cholesterol, mg/dL 203.2 ± 43.7 183.8 ± 35.8 161.5 ± 42.9 159.4 ± 35.7 0.13

LDL-C, mg/dL 127.1 ± 31.5 115.6 ± 17.4 109.9 ± 30.0 104.7 ± 21.5 0.48

HDL-C, mg/dL 59.0 ± 31.5 52.9 ± 13.2 47.6 ± 11.6 38.3 ± 7.6 0.17

Triglyceride, mg/dL 117.4 ± 84.8 168.5 ± 131.6 112.1 ± 49.3 168.4 ± 111.5 0.48

hsCRP, mg/L 1.1 ± 1.9 1.0 ± 1.1 1.4 ± 1.7 2.2 ± 4.0 0.42

Values are presented as the mean ± SD. 
Control, no anti-platelet agent group; ASA, aspirin group; CPD, clopidogrel group; TCG, ticagrelor group; AST, aspartate 
transaminase; ALT, alanine transaminase; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; hsCRP, high-sensitive C-reactive protein.
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Figure 1. Effects of epigallocatechin-3-gallate (EGCG) on platelet aggregation among four different anti-platelet therapy 
groups. (A) Adenosine diphosphate (ADP, 6.5 µM), (B) thrombin receptor agonist peptide-6 (TRAP, 32 µM), (C) collagen (3.2 µg/
mL), and (D) arachidonic acid (AA, 0.5 mM)-induced platelet aggregation were measured by multiplate analyzer. Values are pre-
sented as means with standard error bars. AU, aggregation unit. 
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presented as means with standard error bars. ASA, aspirin; CPD, clopidogrel; TCG, ticagrelor. 
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various cells in vitro [17]. Sagesaka-Mitane et al. [18] first 
reported anti-platelet effect of EGCG as a green tea ex-
tract. However, it was reported that EGCG had no signif-
icant effects on coagulation parameters (activated partial 
thromboplastin time, prothrombin time, and thrombin 
time) in human plasma [19].

Various agonists can activate platelets and induce 
their aggregation [20]. Signaling process of platelet ac-
tivation and aggregation can be classified into three 
steps: (1) agonist-dependent early platelet activation, 
(2) the intermediate common signaling events, and (3) 
integrin-mediated final signaling pathway [21]. This is 
a dynamic process with intracellular and intercellular 

multiple feedback loops and crosstalks. Endogenous 
secretome from the activated platelets also exagger-
ates this thrombotic process. Among them, anti-plate-
let mechanisms of EGCG have been focused on the 
intracellular common signaling pathways. These in-
cluded (1) inhibition of platelet cytoplasmic calcium 
increase [19,22], (2) increase of Ca2+-antagonistic intra-
cellular adenosine 3’,5’-cyclic monophosphate (cAMP) 
through adenylcyclase activation and the subsequent 
vasodilator-stimulated phosphoprotein (VASP)-Ser157 
phosphorylation [23], (3) inhibition of p38 mitogen-ac-
tivated protein kinase, extracellular signal-regulated 
kinases-1/2, and focal adhesion kinase phosphorylation 
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Figure 3. Effects of epigallocatechin-3-gallate (EGCG) on platelet PAC-1 and P-selectin expression among four different an-
ti-platelet therapy groups. Adenosine diphosphate (ADP, 5 µM)-activated (A) PAC-1 and (B) P-selectin expressions and thrombin 
receptor agonist peptide-6 (TRAP, 5 µM)-activated (C) PAC-1 and (D) P-selectin expressions were analyzed by flow cytometry. 
Values are presented as means with standard error bars. MFI, mean fluorescence intensity; ASA, aspirin; CPD, clopidogrel; 
TCG, ticagrelor. 
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and stimulation of Syk and SLP-76 phosphorylation [24], 
(4) inhibition of thrombin proteolytic activity [12], and 
also associated with (5) cyclooxygenase-1/thromboxane 
A2 pathway [25,26]. Recently, Iida et al. [27] reported the 
effect of EGCG on human platelet activated by various 
stimulants including ADP, COL, ristocetin, and TRAP. 
EGCG only inhibited ADP-induced platelet aggregation, 
and failed to further suppress platelet aggregation in-
duced by other stimulants (COL, ristocetin, and TRAP). 
However, in the present study, EGCG significantly re-
duced ADP- and COL-induced platelet aggregation in 
the Control group (43% inhibition for ADP, 38% inhibi-
tion for COL) (Fig. 1). However, TRAP- and AA-induced 
platelet aggregations were also suppressed by EGCG 
without a statistical significance. In addition, in the ASA 
group, EGCG significantly inhibited platelet aggrega-
tion stimulated by ADP-, TRAP-, and COL but not AA. 
Interestingly, EGCG failed to suppress all four different 
stimulants-induced platelet aggregation in the CPD and 
the TCG groups (the participants took P2Y12 receptor 
inhibitor). Although ADP is one of the platelet activating 
agonists, it also plays a role as an important cofactor for 
platelet activation by other stimulators [28]. Therefore, 
these findings suggest that EGCG inhibited platelet ag-
gregation through the common intracellular signaling 
pathway (the 2nd or final step) rather than by interrup-
tion of ligand-specific platelet activation (the 1st step). 
In addition, no further suppressions of platelet aggre-
gation stimulated by AA in the ASA group, and by ADP 
in the CPD and the TCG groups suggested no further 
increase of bleeding risk by EGCG in the participants 
who were already taking other anti-platelet agents. 

Thrombus formation is also associated with shear 
stress [29]. Shear stress can potentiate the effects of ag-
onists for platelet aggregation. One of novel findings 
in the present study was that EGCG reduced shear 
stress-induced platelet adhesion. This was the first 
report on the effect of EGCG on shear stress-induced 
platelet adhesion, and the action mechanism of EGCG 
involves most likely the second or final step of plate-
let aggregation. P-selectin is a membrane component 
of the alpha granule of platelet and its surface expres-
sion implies degranulation and platelet activation, and 
PAC-1 is a monoclonal antibody which binds only to the 
stimulated glycoprotein IIb/IIIa complex on the acti-
vated platelet [30]. Both markers are most widely used 

for measuring platelet activation. Previously, EGCG 
reduced the secretion of various factors stored in the 
specific granules of the activated platelets [27]. Thus, we 
assumed that EGCG might suppress platelet activation 
and decrease P-selectin and PAC-1 expressions. Howev-
er, in the present study, EGCG had no significant effect 
on both P-selectin and PAC-1 expressions. Only baseline 
PAC-1 expression was significantly lower in the TCG 
group. Matsumura et al. [13] previously reported the 
similar results that EGCG failed to lower P-selectin ex-
pression although EGCG significantly inhibited platelet 
aggregation. Therefore, we suggest that the anti-platelet 
effect of EGCG might not be related to the inhibition of 
platelet activation.

There are several issues regarding the clinical im-
plications of EGCG. First, the conventional anti-plate-
let agents (aspirin, clopidogrel, and ticagrelor) inhibit 
platelet aggregation dependent to their specific stimuli 
(ligand), and have very week anti-platelet effects on other 
stimuli. These ligand-specific anti-platelet effects of as-
pirin and clopidogrel might contribute to the aspirin or 
clopidogrel resistance in real world clinical practice [31]. 
Our findings demonstrated that EGCG inhibited plate-
let aggregation induced by 4 different stimuli (ADP, p 
= 0.04; COL, p < 0.01; TRAP, p = 0.10; AA, p = 0.10) (Fig. 
1), suggesting EGCG might overcome limitations of the 
conventional anti-platelet agents. Second, anti-platelet 
effects are accompanied by the increased bleeding risk 
[32]. Some patient populations with high ischemic risk 
need dual anti-platelets or the combination therapy with 
anti-coagulant despite of high bleeding risk. Moreover, 
newer anti-platelet agents (prasugrel and ticagrelor) have 
been reported to be associated with increased bleed risk 
compared to clopidogrel. The present study revealed no 
further inhibition of platelet aggregation stimulated by 
AA in the ASA group, and by ADP in the CPD and the 
TCG groups. Our findings suggested that EGCG could 
be safe when combined with other anti-platelet agents. 
Thus, considering that green tea and black tee contain 
a considerable amount of EGCG [33], drinking green tea 
or black tee could provide complementary anti-plate-
let effect (probably with minimal bleeding risk) even in 
patients who already take the conventional anti-platelet 
agents. Furthermore, EGCG could play a role as a proto-
type compound for the development of novel anti-plate-
let agent in the future.
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There are also several limitations in the present study. 
First, this study is not an in vivo study of taking EGCG in 
the participants. Previously, EGCG has shown promis-
ing results as a lead compound of a new class antiplate-
let agent. However, EGCG demonstrated a low drug 
bioavailability [34-36]. (1) EGCG showed a low absorption 
profile after per os administration. (2) EGCG has rela-
tively low distribution volume. (3) The half-life of EGCG 
is approximately 3 hours. Thus, EGCG should be modi-
fied to enhance its bioavailability and the further in vivo 
application. Before the further process, we had planned 
the present study to investigate the anti-platelet effect 
of EGCG ex vivo from the subjects who have been taking 
conventional anti-platelet medications. Second, relative-
ly small sample size abated the statistical power to vali-
date the antiplatelet effect of EGCG. EGCG significant-
ly inhibit ADP and COL-induced platelet aggregation. 
TRAP and AA-induced platelet aggregation showed the 
marginal, not statistically significant, suppression by 
EGCG. Third, the detailed mechanisms on anti-platelet 
effect of EGCG were not studied. Despite of these lim-
itations, the major strength of the present study is that 
the data were derived from human samples especially 
in the subjects already taking conventional anti-platelet 
agents. The present findings might provide fundamen-
tal data for newer anti-platelet drug development from 
EGCG derivatives.

In conclusion, EGCG significantly inhibited the hu-
man platelet aggregation without any changes on P-se-
lectin and PAC-1 expressions. However, AA-induced 
platelet aggregation in the participants treated with as-
pirin, and ADP-induced platelet aggregation in the par-
ticipants treated with P2Y12 receptor inhibitors (clopi-
dogrel or ticagrelor) were not suppressed additionally 
by EGCG, suggesting that EGCG might have a potential 
role as a new class anti-platelet agent without increasing 
bleeding complications.

Conflict of interest 
No potential conflict of interest relevant to this article 
was reported.

Acknowledgements
This research was supported by a grant of the Korea 
Health Technology R&D Project through the Korea 
Health Industry Development Institute (KHIDI), fund-
ed by the Ministry of Health and Welfare (HI14C0209), 
and by a grant of the Basic Science Research Program 
through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Science, ICT & Future 
Planning (NRF-2014R1A2A1A11051998), Republic of Ko-
rea. The authors thank Sang-A Cho for her statistical 
assistance.

REFERENCES

1.	 D’Ascenzo F, Taha S, Moretti C, et al. Meta-analysis of 
randomized controlled trials and adjusted observational 
results of use of clopidogrel, aspirin, and oral anticoag-
ulants in patients undergoing percutaneous coronary 
intervention. Am J Cardiol 2015;115:1185-1193.

2.	 Jin HY, Yang TH, Choi KN, et al. Randomized compari-
son of the platelet inhibitory efficacy between low dose 
prasugrel and standard dose clopidogrel in patients who 
underwent percutaneous coronary intervention. Korean 
Circ J 2014;44:82-88.

3.	 Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/
AHA/SCAI guideline for percutaneous coronary inter-
vention: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force 
on Practice Guidelines and the Society for Cardio-
vascular Angiography and Interventions. Circulation 
2011;124:e574-e651. 

4.	 Li J, Song M, Jian Z, et al. Laboratory aspirin resistance 
and the risk of major adverse cardiovascular events in pa-
tients with coronary heart disease on confirmed aspirin 

KEY MESSAGE

1.	 Epigallocatechin-3-gallate (EGCG) significantly 
reduced adenosine diphosphate and collagen-in-
duced platelet aggregation in dose-dependent 
manner.

2.	 EGCG also suppressed shear stress-induced 
platelet adhesion, but had no effect on P-selectin 

and PAC-1 expressions.
3.	 EGCG did not suppress platelet aggregation any 

further in subjects already took anti-platelet 
agents. It implied no increased bleeding risk by 
EGCG.

www.kjim.org


      

530 www.kjim.org

The Korean Journal of Internal Medicine Vol. 33, No. 3, May 2018

https://doi.org/10.3904/kjim.2016.228

adherence. J Atheroscler Thromb 2014;21:239-247.
5.	 Muller I, Besta F, Schulz C, Massberg S, Schonig A, Gawaz 

M. Prevalence of clopidogrel non-responders among pa-
tients with stable angina pectoris scheduled for elective 
coronary stent placement. Thromb Haemost 2003;89:783-
787.

6.	 Lev EI, Patel RT, Maresh KJ, et al. Aspirin and clopidogrel 
drug response in patients undergoing percutaneous cor-
onary intervention: the role of dual drug resistance. J Am 
Coll Cardiol 2006;47:27-33. 

7.	 Campo G, Fileti L, de Cesare N, et al. Long-term clinical 
outcome based on aspirin and clopidogrel responsiveness 
status after elective percutaneous coronary intervention: 
a 3T/2R (tailoring treatment with tirofiban in patients 
showing resistance to aspirin and/or resistance to clopi-
dogrel) trial substudy. J Am Coll Cardiol 2010;56:1447-1455.

8.	 Cuisset T, Frere C, Quilici J, Uhry S, Alessi MC, Bonnet JL. 
Post-PCI fatal bleeding in aspirin and clopidogrel hyper 
responder: shifting from antiplatelet resistance to bleed-
ing risk assessment? Int J Cardiol 2010;138:212-213. 

9.	 Shimizu M, Shirakami Y, Moriwaki H. Targeting receptor 
tyrosine kinases for chemoprevention by green tea cate-
chin, EGCG. Int J Mol Sci 2008;9:1034-1049.

10.	 Lee HS, Jun JH, Jung EH, Koo BA, Kim YS. Epigalloccat-
echin-3-gallate inhibits ocular neovascularization and 
vascular permeability in human retinal pigment epitheli-
al and human retinal microvascular endothelial cells via 
suppression of MMP-9 and VEGF activation. Molecules 
2014;19:12150-12172.

11.	 Sugisawa A, Umegaki K. Physiological concentrations 
of (-)-epigallocatechin-3-O-gallate (EGCg) prevent chro-
mosomal damage induced by reactive oxygen species in 
WIL2-NS cells. J Nutr 2002;132:1836-1839. 

12.	 Deana R, Turetta L, Donella-Deana A, et al. Green tea epi-
gallocatechin-3-gallate inhibits platelet signaling path-
ways triggered by both proteolytic and non-proteolytic 
agonists. Thromb Haemost 2003;89:866-874.

13.	 Matsumura K, Takayama H, Bae JY, Kurihara M, Tsut-
sumi S, Hyon SH. Preservation of platelets by adding 
epigallocatechin-3-o-gallate to platelet concentrates. Cell 
Transplant 2009;18:521-528.

14.	 Sibbing D, Braun S, Jawansky S, et al. Assessment of 
ADP-induced platelet aggregation with light trans-
mission aggregometry and multiple electrode platelet 
aggregometry before and after clopidogrel treatment. 
Thromb Haemost 2008;99:121-126. 

15.	 Shenkman B, Matetzky S, Fefer P, et al. Variable respon-
siveness to clopidogrel and aspirin among patients with 
acute coronary syndrome as assessed by platelet function 
tests. Thromb Res 2008;122:336-345.

16.	 Scheer FA, Michelson AD, Frelinger AL 3rd, et al. The hu-
man endogenous circadian system causes greatest plate-
let activation during the biological morning independent 
of behaviors. PLoS One 2011;6:e24549.

17.	 Chowdhury A, Sarkar J, Chakraborti T, Pramanik PK, 
Chakraborti S. Protective role of epigallocatechin-3-gal-
late in health and disease: a perspective. Biomed Pharma-
cother 2016;78:50-59. 

18.	 Sagesaka-Mitane Y, Miwa M, Okada S. Platelet aggrega-
tion inhibitors in hot water extract of green tea. Chem 
Pharm Bull (Tokyo) 1990;38:790-793.

19.	 Kang WS, Lim IH, Yuk DY, et al. Antithrombotic activities 
of green tea catechins and (-)-epigallocatechin gallate. 
Thromb Res 1999;96:229-237.

20.	 Joo SJ, Choi JH, Kim SY, Kim KS, Kim YR, Kang SH. An 
assay of measuring platelet reactivity using monoclonal 
antibody against activated platelet glycoprotein IIb/IIIa in 
patients taking clopidogrel. Korean Circ J 2015;45:378-385. 

21.	 Li Z, Delaney MK, O’Brien KA, Du X. Signaling during 
platelet adhesion and activation. Arterioscler Thromb 
Vasc Biol 2010;30:2341-2349.

22.	 Kang WS, Chung KH, Chung JH, et al. Antiplatelet ac-
tivity of green tea catechins is mediated by inhibition of 
cytoplasmic calcium increase. J Cardiovasc Pharmacol 
2001;38:875-884.

23.	 Ok WJ, Cho HJ, Kim HH, et al. Epigallocatechin-3-gallate 
has an anti-platelet effect in a cyclic AMP-dependent 
manner. J Atheroscler Thromb 2012;19:337-348.

24.	 Lill G, Voit S, Schror K, Weber AA. Complex effects of dif-
ferent green tea catechins on human platelets. FEBS Lett 
2003;546:265-270. 

25.	 Neuhaus T, Voit S, Lill G, Vetter H, Schror K, Weber AA. 
Platelet aggregation induced by the C-terminal peptide 
of thrombospondin-1 (4N1-1) is inhibited by epigallo-
catechin gallate but not by prostaglandin E1. Platelets 
2004;15:455-457.

26.	 Lee DH, Kim YJ, Kim HH, et al. Inhibitory effects of epi-
gallocatechin-3-gallate on microsomal cyclooxygenase-1 
activity in platelets. Biomol Ther (Seoul) 2013;21:54-59. 

27.	 Iida Y, Doi T, Matsushima-Nishiwaki R, et al. (-)-Epigal-
locatechin gallate selectively inhibits adenosine diphos-
phatestimulated human platelet activation: suppression 

www.kjim.org


531

Joo HJ, et al. Antiplatelet effect of EGCG

www.kjim.orghttps://doi.org/10.3904/kjim.2016.228

of heat shock protein 27 phosphorylation via p38 mitoge-
nactivated protein kinase. Mol Med Rep 2014;10:1383-1388.

28.	 Wijeyeratne YD, Heptinstall S. Anti-platelet therapy: ADP 
receptor antagonists. Br J Clin Pharmacol 2011;72:647-657. 

29.	 Wong AK. Platelet biology: the role of shear. Expert Rev 
Hematol 2013;6:205-212.

30.	 Frelinger AL 3rd, Grace RF, Gerrits AJ, et al. Platelet func-
tion tests, independent of platelet count, are associated 
with bleeding severity in ITP. Blood 2015;126:873-879.

31.	 Floyd CN, Ferro A. Antiplatelet drug resistance: molecular 
insights and clinical implications. Prostaglandins Other 
Lipid Mediat 2015;120:21-27.

32.	 Sorensen R, Olesen JB, Charlot M, Gislason GH. Risk of 
bleeding related to antithrombotic treatment in cardio-
vascular disease. Curr Pharm Des 2012;18:5362-5378.

33.	 Keske MA, Ng HL, Premilovac D, et al. Vascular and met-
abolic actions of the green tea polyphenol epigallocate-
chin gallate. Curr Med Chem 2015;22:59-69.

34.	 Legeay S, Rodier M, Fillon L, Faure S, Clere N. Epigallo-
catechin gallate: a review of its beneficial properties to 
prevent metabolic syndrome. Nutrients 2015;7:5443-5468. 

35.	 Manach C, Williamson G, Morand C, Scalbert A, Remesy C. 
Bioavailability and bioefficacy of polyphenols in humans. 
I. Review of 97 bioavailability studies. Am J Clin Nutr 
2005;81:230S-242S.

36.	 Williamson G, Dionisi F, Renouf M. Flavanols from green 
tea and phenolic acids from coffee: critical quantitative 
evaluation of the pharmacokinetic data in humans after 
consumption of single doses of beverages. Mol Nutr 
Food Res 2011;55:864-873.   

www.kjim.org

