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Purpose: We aimed to investigate potential synergistic antiplatelet effects of Ginkgo biloba 
extract (GBE50) in combination with aspirin using in vitro models.
Methods: Arachidonic acid (AA), platelet activating factor (PAF), adenosine 5ʹ-diphosphate 
(ADP) and collagen were used as inducers. The antiplatelet effects of GBE50, aspirin and 1:1 
combination of GBE50 and aspirin were detected by microplate method using rabbit platelets. 
Synergy finder 2.0 was used to analyze the synergistic antiplatelet effect. The compounds in 
GBE50 were identified by UPLC-Q/TOF-MS analysis and the candidate compounds were 
screened by TCMSP database. The targets of candidate compounds and aspirin were obtained 
in TCMSP, CCGs, Swiss target prediction database and drugbank. Targets involving platelet 
aggregation were obtained from GenCLiP database. Compound-target network was constructed 
and GO and KEGG enrichment analyses were performed to identify the critical biological 
processes and signaling pathways. The levels of thromboxane B2 (TXB2), cyclic adenosine 
monophosphate (cAMP) and PAF receptor (PAFR) were detected by ELISA to determine the 
effects of GBE50, aspirin and their combination on these pathways.
Results: GBE50 combined with aspirin inhibited platelet aggregation more effectively. The 
combination displayed synergistic antiplatelet effects in AA-induced platelet aggregation, 
and additive antiplatelet effects occurred in PAF, ADP and collagen induced platelet aggre
gation. Seven compounds were identified as candidate compounds in GBE50. Enrichment 
analyses revealed that GBE50 could interfere with platelet aggregation via cAMP pathway, 
AA metabolism and calcium signaling pathway, and aspirin could regulate platelet aggrega
tion through AA metabolism and platelet activation. ELISA experiments showed that GBE50 
combined with aspirin could increase cAMP levels in resting platelets, and decreased the 
levels of TXB2 and PAFR.
Conclusion: Our study indicated that GBE50 combined with aspirin could enhance the 
antiplatelet effects. They exerted both synergistic and additive effects in restraining platelet 
aggregation. The study highlighted the potential application of GBE50 as a supplementary 
therapy to treat thrombosis-related diseases.
Keywords: Ginkgo biloba, aspirin, antiplatelet, synergistic effect, Chinese herb, arachidonic 
acid

Introduction
When blood vessels are injured, platelets are activated by the exposed subcutaneous 
matrix and aggregate at the site of injury to stop bleeding.1 Thus, platelets play an 
essential role in physiological hemostasis process, and abnormal platelet aggrega
tion is the pathological basis of thrombosis. Platelet aggregation is caused by the 
rupture of atherosclerotic plaques or endothelial injury and may lead to acute 
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thrombotic occlusive ischemic events when the blood sup
ply to tissues is insufficient or is interrupted by a 
thrombus,2 which is the underlying mechanism for stroke 
and myocardial infarction as well as the leading cause of 
morbidity and mortality worldwide.3,4

Antiplatelet drugs are the main agents used to prevent 
and treat acute thrombotic occlusive ischemic events.5 

Platelet aggregation in vivo is mainly induced by endo
genous agonists, such as arachidonic acid (AA), adenosine 
5ʹ-diphosphate (ADP), platelet activating factor (PAF), 
collagen and thrombin.6–8 These agonists interact with 
platelet membrane receptors, leading to platelet degranula
tion, signal transduction and conformational changes of 
surface glycoproteins, then causing platelet adhesion and 
aggregation, and many signaling molecules and pathways 
are involved in these processes.1,8 Diverse antiplatelet 
drugs used in the clinical setting. Some agents target 
platelet surface receptors, such as the ADP receptor 
antagonist clopidogrel, while other regulate platelet activa
tion through the inhibition of enzymes involved in intra
cellular signaling, such as the cyclooxygenase (COX)-1 
inhibitor aspirin, the phosphodiesterase inhibitors cilosta
zol, and dipyridamole.5,9 Although the clinical efficacy of 
these drugs is clear, there are still some patients who 
experience recurrent ischemic events due to insufficient 
treatment intensity after treatment.5 Thus, the search for 
novel antiplatelet agents with improved efficacy and safety 
remains urgent for thrombotic treatment.

Herbs have a long history of prescription use in China 
and have become a source of drug development for many 
diseases.10–15 Aspirin, the most frequently used antiplate
let agent in the clinic, is extracted from willow bark and 
can irreversibly inhibit the COX-1 enzyme in the AA 
pathway.16 The development of novel antiplatelet therapy 
from herbs may be a solution to the current concerns 
facing antiplatelet therapy. Products of Ginkgo biloba 
extracts (GBE) have been widely used as botanical med
icines and dietary supplements and its main active com
pounds are lactones and flavonoids.17 Ginkgolides, 
including ginkgolide A, B, C and J, are the most well- 
studied natural specific PAF antagonist.18–20 PAF is both 
a platelet aggregation inducer and a mediator of 
inflammation.19,21 GBE is also known for its remarkable 
antioxidant capacity due to its rich flavonoid content.22,23 

GBE exerts it therapeutic effects in a wide range of 
diseases, such as Alzheimer’s disease, tardive dyskinesia, 
glaucoma and asthma.23–26 Studies also have shown that 
GBE may inhibit platelet aggregation induced by AA, 

ADP, thrombin, collagen and PAF.27–30 In addition, GBE 
in combination with cilostazol may potentiate the anti
platelet effects of cilostazol with no prolongation of 
bleeding time or coagulation time in patients.31 Meta- 
analyses have shown that GBE did not increase the risk 
of bleeding, either alone or in combination with 
antiplatelet/anticoagulants.32,33 These findings suggest 
that GBE can effectively inhibit platelet aggregation 
through multiple pathways, and the combination of GBE 
and antiplatelet drugs may have synergistic effects in 
restraining platelet aggregation. Aspirin is the most com
monly used antiplatelet drug for the prevention and treat
ment of ischemic stroke. A clinical trial with small 
samples showed a decreased platelet aggregation in 
patients in the GBE and aspirin combination group, but 
not statistically significant.34 There is still no clear con
clusion about the synergistic antiplatelet effects of GBE 
and aspirin. The study on the synergistic antiplatelet 
effects of GBE and aspirin may provide ideas for new 
antiplatelet regimens.

Ginkgo biloba extract 50 (GBE50), a standardized 
GBE product that is the equivalent to the standardized 
German product as EGb761, has been approved for clini
cally use by the China Food and Drug Administration 
(approval number: Z20000049). It comprises 44% fla
vones and 6% lactones and has been widely used in 
clinical practice. GBE50 has been shown to have antiox
idant, antiplatelet and neuroprotective properties.29,35,36 

The aim of this study was to evaluate the synergistic 
antiplatelet effects of GBE50 and aspirin on platelet aggre
gation induced by AA, PAF, ADP and collagen, and the 
potential mechanisms were also investigated.

Materials and Methods
Materials
AA, ADP and aspirin were obtained from Sigma-Aldrich 
(St Louis, MO, USA). Collagen (type I) from cow calca
neal tendon was obtained from Macklin (Shanghai, 
China). PAF was obtained from Cayman Chemical (Ann 
Arbor, MI, USA). Dimethyl sulfoxide (DMSO) was pur
chased from Sinopharm (Beijing, China). GBE50 powder 
(44% w/w flavonoids and 6% w/w lactones) was provided 
by SPH Xing Ling Sci. & Tech. Pharmaceutical Co., Ltd. 
(Shanghai, China). It is standardized solid extract of 
Ginkgo biloba leaves with a Chinese SFDA ratification 
no. Z20000049. Aspirin and GBE50 were dissolved in 
DMSO for the in vitro studies. ADP and PAF were 
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dissolved in DMSO and diluted with deionized water 
before use. AA was dissolved in DMSO and was alkalized 
with 1% potassium carbonate in a ratio of 1:3 before use. 
The collagen was dissolved in 20% acetic acid solution 
and diluted with deionized water before use. The Rabbit 
thromboxanes B2 Elisa kit, Rabbit cAMP Elisa kit and 
Rabbit PAFR Elisa kit were purchased from Blue Gene 
Biotech (Shanghai, China).

A Waters Xevo G2-XS Q-TOF·ESI Liquid mass spec
trometer was purchased from Waters Corporation 
(Milford, MA, USA). Acetonitrile, methanol, formic acid 
and ammonium acetate (chromatographic pure, LC-MS 
grade) were purchased from Fisher Chemical (Pittsburgh, 
PA, USA). Experimental reference substance was from 
Shanghai Institute of Materia Medica, Chinese Academy 
of Sciences (Shanghai, China).

Animals
Male New Zealand rabbits weighting 2–2.5 kg (n = 7, 
12–16 weeks old, license No. SCXK (Hu) 2015–0005) 
were purchased from Shanghai Jia Gan Biotechnology 
Co., Ltd. (Shanghai, China). The rabbits were main
tained in a standard laboratory animal facility with free 
access to food and water and were acclimatized to these 
conditions for at least 1 week before use. All animal 
experiments were approved by the Committee on ethics 
of biomedicine of Second Military Medical University 
and were conducted according to the National Institutes 
of Health Guidelines for the Care and Use of Laboratory 
Animals.

Platelet Preparation
Whole blood was collected from the ear artery of rabbits. 
A 3.8% sodium citrate solution (1:9 v/v, citrate: blood) 
was used as the anticoagulant. Platelet-rich plasma (PRP) 
and platelet-poor plasma (PPP) were prepared by centrifu
ging whole blood at 100 g and 1400 g for 15 min, respec
tively. To obtain washed platelets, PRP was centrifuged at 
1400 g for 15 min.37,38 The precipitates obtained was 
washed twice with CGS buffer (sodium chloride, 
D-glucose, sodium citrate) and suspended in modified 
tyrode’s buffer (143 mM NaCl, 5.4 mM KCl, 5 mM 
HEPES, 0.25 mM Na2HPO4, 0.5 mM MgCl2, 1.8 mM 
CaCl2, pH 7.4). The final platelet counts in PRP/washed 
platelets were adjusted to 2×108 cell/mL after counting 
under optical microscope.

Platelet Aggregation in vitro Assay
Platelet aggregation was performed using the microplate 
method as previously described.39,40 Briefly, PRP in the 96 
well microplate was preincubated for 5 min at 37°C with 
DMSO solution, GBE50 (final concentration: 0.01, 0.03, 
0.1, 0.3, 1, 3 mg/mL), aspirin (final concentration: 0.01, 
0.03, 0.1, 0.3, 1, 3 mg/mL) or 1:1 combination of GBE50 
and aspirin (final concentration: 0.01 mg/mL GBE50 + 
0.01 mg/mL aspirin, 0.03 mg/mL GBE50 + 0.03 mg/mL 
aspirin, 0.1 mg/mL GBE50 + 0.1 mg/mL aspirin, 0.3 mg/ 
mL GBE50 + 0.3 mg/mL aspirin, 1 mg/mL GBE50 + 
1 mg/mL aspirin and 3 mg/mL GBE50 + 3 mg/mL aspirin) 
(100 μL per well and DMSO < 0.5% v/v), then the absor
bance was determined at 570 nm. Platelet aggregation was 
triggered by adding AA (final concentration: 1.5 mM), 
PAF (final concentration: 4 μM), ADP (final concentration: 
20 μM) and collagen (final concentration: 100 μg/mL), 
then PRP was incubated for 5 min and vibrated at 
1000 rpm. Absorbance was determined at 570 nm after 5 
minutes of incubation. The absorbance of PPP was set as 
the background value, and the absorbance values before 
and after stimulation were used to calculate the platelet 
aggregation rate by using formula below. The inhibition 
rate of the drug on platelet aggregation was calculated 
using the DMSO group as the baseline.

Platelet aggregationð%Þ

¼
Absorbanceafter PRP stimulation� AbsorbancePPP

Absorbancebefore PRP stimulation� AbsorbancePPP
� 100%

Analysis of Antiplatelet Effects of Drug 
Combination in vitro
Dose–effect curves for each drug on platelet aggregation 
under different inducers were drawn and the half maximal 
inhibitory concentrations (IC50) were calculated by using 
Prism software, version 8 (GraphPad). Choosing the %inhi
bition as the phenotypic response, the antiplatelet effect of 
each drug combination was analyzed using 
SynergyFinder2.0 (https://synergyfinder.fimm.fi).41 Briefly, 
the mean inhibitory rates of platelet aggregation of GBE50, 
aspirin, and the drug combinations at different concentra
tions were input, respectively. According to the software 
recommendation, the high single agent (HSA) reference 
model was selected in this study. This model states that the 
expected combination effect is the maximum of the single 
drug responses at corresponding concentrations. Finally, the 
comprehensive synergy score and synergy maps of drug 
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combination were obtained automatically by the software 
using HSA model. The synergy score was used to evaluate 
the efficacy of the combination. According to user guide in 
the website, synergy score was evaluated as follows: scores 
< −10: the interaction between two drugs was likely to be 
antagonistic; from −10 to 10: the interaction between two 
drugs was likely to be additive; and >10: the interaction 
between two drugs was likely to be synergistic.41

UPLC–Q/TOF-MS Analysis
Ultra-high-performance liquid chromatography- 
quadrupole time-of-flight tandem mass spectrometry 
(UPLC-Q-TOF/MS) analysis was used to identify the 
components of GBE50. Briefly, 0.1 g GBE50 was added 
to a solution of 50% methanol, followed by eddy oscilla
tion for 1 min and ultrasonic extraction for 15 min. The 
supernatant was collected and adjusted to a 25 mL final 
volume. The chromatographic method was achieved using 
Waters ACQUITY UPLC BEH C18 column (2.1 mm × 
100 mm, 1.7 μm). The mobile phases A and B consisted of 
0.2 mol/L ammonium acetate solution (containing 0.1% 
formic acid) and acetonitrile, respectively. The mobile- 
phase gradient program was as follows: 0~10 min, 88% 
A~87% A; 10~13 min, 87% A~85% A; 13~20 min, 85% 
A~84% A; 20~30 min, 84% A~79% A; 30~40 min, 79% 
A~77 A; 40 ~50 min, 77% A ~70 A; 50~70 min, 70% 
A~25%; 70~75 min 0 A. The flow rate was 0.4 mL/min. 
The column temperature was carried out at 45°C, and the 
injection volume was 1 μL. The mass range was collected 
by the negative ion detection mode of the electrospray ion 
source (ESI) with source temperature, 120°C; cone gas 
flow, 50 L/h; desolvation temperature, 500°C; desolvation 
gas flow, 800 L/h; sampling cone, 30 V; extraction cone, 4 
V; capillary voltage, 2.5 kV; mass-to-charge ratio, m/z 
50~1200 Da; and lock mass (2 ng/mL Leu-enkephalin) 
; m/z 554.2615 [M-H] (negative-ion mode). The data 
were analyzed using Masslynx V4.1 software (Waters). 
GBE50 base peak ion current (BPI) chromatogram was 
obtained by UPLC-Q-TOF/MS analysis. The precise 
molecular weight and secondary fragment information of 
the compounds were compared with reference substances 
and references to obtain all the composition information.

Active Components and Target Screening
The pharmacokinetic parameters of all components were 
screened using the Traditional Chinese Medicine 
Systems Pharmacology Database and Analysis Platform 
(TCMSP, https://tcmspw.com/tcmsp.php).42 Oral 

bioavailability (OB) was calculated as the percentage of 
an orally administered dose of unchanged drug that 
reached the systemic circulation, and TCMSP can pre
dict OB through multiple linear regression (MLR), par
tial least squares regression (PLS) and support-vector 
machine regression (SVR)-based in silico models.43 

The drug likeness (DL) is a qualitative concept used in 
drug design to estimate the “drug-like” features of 
a prospective compound, and TCMSP can predict DL 
based on Tanimoto coefficient.44 Compounds with high 
properties of OB and DL properties are not drugs but 
have the potential to be drugs. Therefore, compounds 
identified by UPLC–Q/TOF-MS analysis were screened 
in the TCMSP. According to recommendations from 
TCMSP, compounds with OB ≥ 30% and DL ≥ 0.18 
were identified as candidate active compounds and 
were used in the follow-up study.43,44 The target proteins 
of the candidate active compounds in GBE50 were 
obtained from the TCMSP database, Computational 
Chemical Genomics Screening Center (CCGS) database 
(https://www.cbligand.org/CCGS/) and Swiss Target 
Prediction database (www.swisstargetprediction.ch).45,46 

The target proteins of aspirin were obtained from 
DrugBank (https://go.drugbank.com/).47 The GenCLiP 
database (http://ci.smu.edu.cn/genclip3/analysis.php#) 
was used to search targets related to platelet 
aggregation.48 Limiting our analysis to Homo sapiens, 
and standard names for all protein targets were identified 
through UniProt (https://www.uniprot.org/).

Construction of the Compounds-Targets 
Network
Proteins were uploaded into the bioinformatics platform 
(http://www.bioinformatics.com.cn/) to create a Venn dia
gram and to clarify the overlapping relationship between 
the targets.49 Targets were imported into Cytoscape3.8.2 
software (https://cytoscape.org/) to establish an active 
compounds-targets network.50

GO and KEGG Pathway Enrichment 
Analyses
To further explore the potential synergistic antiplatelet 
activity of GBE50 and aspirin, we used enrichment ana
lysis. For 108 targets unique to GBE50 and 10 targets 
unique to aspirin related to platelet aggregation, 
imported the standard protein names into Metascape 
database, respectively. For the overlapping targets of 
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GBE50 and aspirin on platelet aggregation, imported the 
standard protein names into ClueGo, a plug-in in 
Cytoscape. The species was limited to Homo sapiens 
and the gene ontology (GO) functions and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment were then performed, respectively. The GO 
functions enrichment analysis included cellular compo
nent (CC), molecular function (MF), and biological pro
cess (BP) analyses. Significantly enriched pathways 
contained at least 3 genes, and have P < 0.05.51,52

Measurement of TXA2 Generation
Thromboxane B2 (TXB2) is a stable metabolite of TXA2. 
Levels of TXB2 were measured to indirectly indicate the 
formation of TXA2 using the Rabbit thromboxanes B2 
Elisa kit. Briefly, PRP were pretreated with GBE50, 
aspirin, 1:1 mixture of these two drugs and DMSO for 5 
min at 37°C before the addition of AA. The reaction was 
stopped after 5 min of stimulation by the addition of ice- 
cold EDTA solution (16 mM). The levels of TXB2 were 
measured immediately after sample preparation according 
to the manufacturer’s instructions. According to the results 
of platelet aggregation assays, GBE50, aspirin and the 
combination of two drugs almost all showed a good inhi
bition rate of platelet aggregation at 0.3 mg/mL concentra
tion, so the 0.3 mg/mL concentration was used in the 
measurements of cAMP, TXB2 and PAFR.

Measurement of cAMP and PAFR Levels
The levels of Cyclic adenosine monophosphate (cAMP) 
and PAF receptor (PAFR) in platelets were estimated using 
the Rabbit cAMP Elisa kit and Rabbit PAFR Elisa kit, 
respectively. The washed platelets were preincubated with 
GBE50, aspirin, 1:1 mixture of these two drugs and 
DMSO for 5 min at 37 °C. Next, platelets were washed 
three times and resuspended in cool modified tyrode’s 
buffer, and were lysed by repeated freezing and thawing. 
The supernatant was collected and processed according to 
the manufacturer’s instructions.

Statistical Analysis
Statistical analyses of the data were carried out using 
Prism 8 software (GraphPad). Significance was deter
mined by one-way ANOVA and Dunnett’s posttest for 
multiple comparisons. Before Statistical analysis, normal
ity and homogeneity of variance were tested. Non- 
parametric test was used for data that did not meet the 
standard. A P-value <0.05 was considered statistically 

significant. Unless stated otherwise, values were expressed 
as mean ± SEM. Each experiment was repeated indepen
dently at least three times.

Results
Concentration Screening of Inducers of 
Platelet Aggregation
Platelet aggregation is affected by a number of factors, 
including the type and the concentration of its inducers. 
Among these, AA, ADP and collagen are the most used 
inducers in antiplatelet studies. Ginkgolide, the main 
component of GBE50, is a well-known natural strong 
PAFR antagonist. PAF is not only a proinflammatory 
mediator but also an inducer of platelet aggregation. 
Therefore, AA (from 0 mM to 1.5 mM), PAF (from 0 
μM to 20 μM), ADP (from 0 μM to 40 μM) and collagen 
(from 0 μg/mL to 200 μg/mL) were used to induce plate
let aggregation. As shown in Figure 1A–C, the “concen
tration 0” indicated that the same volume of DMSO 
instead of inducer was added into the PRP, and for this 
condition, the platelet aggregation rate was 5.99% ± 
2.16%. With the addition of different concentrations of 
inducers, AA, PAF and ADP-induced platelet aggregation 
in a concentration-dependent manner. In this study, the 
concentration which induced 60% to 70% platelet aggre
gation was selected to test the inhibitory effects of drugs 
on platelet aggregation in the follow-up experiments. In 
Figure 1A–C, the platelet aggregation rates achieved 
66.12% ± 1.91%, 65.68% ± 4.18%, and 71.71% ± 
2.59% using concentration of AA 1.5 mM, PAF 4 μM 
and ADP 20 μM, respectively. Therefore, in subsequent 
experiments, the induced concentrations of AA, PAF and 
ADP were 1.5 mM, 4 μM and 20 μM, respectively. As 
shown in Figure 1D, within the screening concentration 
range, the rate of platelet aggregation induced by collagen 
was relatively low (44.17% ± 1.17%). Therefore, the 
concentration of 100 μg/mL inducing the highest platelet 
aggregation rate was selected for subsequent 
experiments.

Effects of GBE50 Alone and in 
Combination with Aspirin on Platelet 
Aggregation
The antiplatelet effects of GBE50 were observed under the 
stimulation of the above-mentioned inducers. As shown in 
Figure 2A–D, GBE50 (0.01, 0.03, 0.1, 0.3, 1, 3 mg/mL) 
alone inhibited platelet aggregation induced by various 
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inducers in a concentration-dependent manner, and it 
showed different degrees of inhibition effects at the same 
concentration. The dose–effect curves showed that GBE50 
had strong inhibitory effects on platelet aggregation 
induced by collagen and PAF with IC50 values of 
0.296 mg/mL and 0.47 mg/mL, respectively. In contrast, 
the inhibitory effects of GBE50 on platelet aggregation 
induced by AA and ADP were relatively weak, and the 
IC50 values were 3.502 mg/mL and 6.06 mg/mL, 
respectively.

To observe the antiplatelet effects of GBE50 combined 
with aspirin, we tested the inhibitory effects of aspirin 
alone and GBE50 in combination with aspirin on platelet 
aggregation exposed to the same inducers. As shown in 
Figure 2E, aspirin (0.01, 0.03, 0.1, 0.3, 1, 3 mg/mL) alone 
could inhibit platelet aggregation induced by AA, PAF, 

ADP and collagen in a concentration-dependent manner, 
and the IC50 values were 0.234, 3.282, 1.564 and 
79.78 mg/mL, respectively.

The clinical dosages of GBE50 and aspirin were 
120 mg/d and 100 mg/d, respectively, which was close to 
1:1. Therefore, the doses of GBE50 combined with aspirin 
used in this study were 0.01 mg/mL GBE50 + 0.01 mg/mL 
aspirin, 0.03 mg/mL GBE50 + 0.03 mg/mL aspirin, 
0.1 mg/mL GBE50 + 0.1 mg/mL aspirin, 0.3 mg/mL 
GBE50 + 0.3 mg/mL aspirin, 1 mg/mlGBE50 + 1 mg/ 
mL aspirin, 3 mg/mL GBE50 + 3 mg/mL aspirin. As 
shown in Figure 2, the combination of GBE50 and aspirin 
showed significant antiplatelet effects on AA, PAF, ADP 
and collagen induced platelet aggregation and the IC50 
values were 0.067 mg/mL, 0.289 mg/mL, 1.474 mg/mL 
and 0.149 mg/mL, respectively, and thus, the combination 

Figure 1 The effects of inducers on platelet aggregation in vitro. 
Notes: Platelet aggregation induced by (A) AA (from 0 mM to 1.5 mM), (B) PAF (from 0 μM to 20 μM), (C) ADP (from 0 μM to 40 μM) and (D) collagen (from 0 μg/mL to 
200 μg/mL) were detected by microplate method. All the data presented as aggregation rate (mean ± S.E.M.) of three independent experiments, ***p < 0.001 compare with 
concentration 0. 
Abbreviations: AA, arachidonic acid; PAF, platelet-activating factor; ADP, adenosine 5ʹ-diphosphate.
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Figure 2 Inhibition of GBE50, aspirin and their combination on platelet aggregation in vitro. 
Notes: GBE50, aspirin and their combination concentration-dependently inhibited platelet aggregation in rabbit PRP induced by AA (A), PAF (B), ADP (C), collagen (D). 
The dose–response curves of drug on inhibition of platelet aggregation under different inducers (E). Results were mean ± S.E.M. of three independent experiments, **p < 
0.01, ***p<0.001 in comparison to vehicle control. 
Abbreviations: GBE50, Ginkgo biloba extract 50; AA, arachidonic acid; PAF, platelet-activating factor; ADP, adenosine 5ʹ-diphosphate; IC50, the half maximal inhibitory 
concentration.
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exhibited superior antiplatelet effects than that of GBE50 
or aspirin alone.

Analysis of Synergistic Antiplatelet Effects
Based on the deviations between observed and expected 
responses, drug combination can be divided into synergistic 
(the combination effect is higher than expected) or antago
nistic effects (the combination effect is lower than expected) 
and additive effect synergistic (the combination effect is 
equal to the expected effect). Our data showed that GBE50 
combined with aspirin had stronger antiplatelet effect than 
the two drugs alone, but the types of interaction between 
GBE50 and aspirin were unknown. Therefore, we used 
Synergyfinder2.0 to further analyze the joint effects of both 

two drugs. The comprehensive synergy score and synergy 
maps of drug combination are shown in Figure 3.

In Figure 3A, under the condition of the AA inducer, the 
comprehensive synergy score of GBE50 combined with 
aspirin was 17.506, which indicated that GBE50 and aspirin 
exhibited synergistic antiplatelet effect in the study dose 
range. When the combined dose was 0.1 mg/mL GBE50 + 
0.1 mg/mL aspirin, the synergy score was 30.09, suggesting 
that the combined drugs could exert an optimum synergistic 
antiplatelet effect. In the presence of PAF, the comprehen
sive synergy score of GBE50 combined with aspirin was 
5.349, suggesting that GBE50 and aspirin had additive anti
platelet effects within the range of study dose concentra
tions. Among them, the dose combination with the most 

Figure 3 Synergy maps of drug combination. 
Notes: The interactive analysis of drug combination in AA (A), PAF (B), ADP (C) and collagen (D) induced platelet aggregation. Drug combinations were 0.01 mg/mL 
GBE50 + 0.01 mg/mL aspirin, 0.03 mg/mL GBE50 + 0.03 mg/mL aspirin, 0.1 mg/mL GBE50 + 0.1 mg/mL aspirin, 0.3 mg/mL GBE50 + 0.3 mg/mL aspirin, 1 mg/mL GBE50 + 1 
mg/mL aspirin and 3 mg/mL GBE50 + 3 mg/mL aspirin. Results were mean ± S.E.M. of three independent experiments. In the figure, the synergetic and antagonistic dose 
areas were highlighted in red and green. 
Abbreviations: GBE50, Ginkgo biloba extract 50; AA, arachidonic acid; PAF, platelet-activating factor; ADP, adenosine 5ʹ-diphosphate; HSA, high single agent.
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synergistic effect of the combined drugs was 0.3 mg/mL + 
0.3 mg/mL, and the synergy score was 15.7. Under the 
condition of ADP-induced platelet aggregation, the compre
hensive synergy score of drug combination was - 3.403, 
which indicated that GBE50 and aspirin exhibited additive 
antiplatelet effects within the study dose range. However, 
there was no optimum synergistic antiplatelet effect detected 
within the study dose range. In the collagen-induced platelet 
aggregation, the comprehensive synergy score was 8.144, 
suggesting that GBE50 and aspirin had additive antiplatelet 
effects within the study dose range. Among the platelet 
inducers tested, the dose combination with the most syner
gistic effect of the combination GBE50 and aspirin was 
1 mg/mL + 1 mg/mL, and the synergy score was 16.69.

Identification of the Responsible 
Chemical Constituent of GBE50
The BPI chromatogram of GBE50 obtained by UPLC–Q/ 
TOF-MS is shown in Figure 4. Following comparison with 
literature and reference substance, 73 compounds were 
identified, including terpene lactones, flavonoids and 
their glycosides, organic acids, flavanols and diflavones. 
Among them, 39 components were compared with refer
ence substances and the relevant information was searched 
in databases such as PubChem and TCMSP. These 73 
chemical constituents accounted for about 75.6% of the 

GBE50 preparation, which embodies the traditional 
Chinese medicine of multicomponent, multiple targets, 
the characteristics of wholeness. The related information 
for each component for shown in Table 1.

Network Analysis
In this study, with OB ≥ 30% and DL ≥ 0.18 as the selection 
criteria, 10 components were selected among the 39 com
pounds identified by UPLC–Q/TOF-MS, 3 components 
failed to be associated with relevant targets were removed 
from the analysis. Finally, seven components were identified 
as candidate active components. They were ginkgolide B, 
isorhamnetin, kaempferol, catechin, luteolin, laricitrin and 
quercetin. Detailed information regarding these molecules 
was summarized in Table 2.

Based on the TCMSP, CCGS, Swiss Target 
Prediction and DrugBank databases, 274 targets of 
seven GBE50 active compounds and 33 targets of 
aspirin were obtained. A total of 1004 targets of platelet 
aggregation were collected from the GenCLiP database. 
As shown in Figure 5A, GBE50 and aspirin could influ
ence platelet aggregation through ten common targets 
including PTGS1, PTGS2 and IKBKB. GBE50 could 
also act on platelet aggregation through 108 additional 
targets such as NOS2, ESR1 and PPARG, while aspirin 
could only act on platelet aggregation through ten addi
tional targets including MAPK3, ITGA2B and EDNRA. 

Figure 4 The base peak ion current chromatogram of GBE50. 
Note: The constituents represented by the peak number are shown in Table 1. 
Abbreviations: BPI, base peak ion; Min, minute.
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Next, the compound-target network (Figure 5B) was 
constructed to uncover the interaction between GBE50 
active compounds and aspirin on platelet aggregation. 
This network contained 136 nodes (128 genes and eight 
compounds) and 265 edges, the more edges 
a component or target had, the more important they 

were to this network. The network showed that querce
tin, luteolin, kaempferol and isorhamnetin might be the 
most important antiplatelet components of GBE50 to 
exert antiplatelet effects, as they had the most edges. 
Among the overlapping antiplatelet targets of GBE50 
and aspirin, PTGS1 and PTGS2 had the most edges, 

Table 1 Constituents Identified in GBE50

No. CAS Number Name Elemental Composition m/z [M-H] - tR/Min

1 77-95-2 Quinic Acid C7H12O6 191.055 1.26
2 99-50-3 Protocatechuic Acid C7H6O4 153.019 4.89

3 5127-64-0 Gallocatechin Gallate C15H14O7 305.067 7.87

4 7295-85-4 Catechin C15H14O6 289.072 8.15
5 331-39-5 Caffeic Acid C9H8O4 179.034 9.77

6 99-96-7 P-Hydroxybenzoic Acid C7H6O3 137.024 9.81

7 33570-04-6 Bilobalide C15H18O8 325.093 11.31
8 970-74-1 (-)-Epigallocatechin C15H14O7 289.072 11.69

9 107438-79-9 Ginkgolide J C20H24O10 423.129 14.77
10 15291-76-6 Ginkgolide C C20H24O11 439.124 15.55

11 19833-12-6 Myricetin 3-rha-(1-6)-glucoside C27H30O17 625.140 16.12

12 55804-74-5 Kaempferol 3-(2,6-dirha)-glucoside C33H40O19 739.207 18.80
13 482-35-9 Quercetin 3-glucoside C21H20O12 463.087 19.00

14 153-18-4 Rutin C27H30O16 609.146 19.08

15 15291-75-5 Ginkgolide A C20H24O9 407.134 19.20
16 104472-68-6 Isorhamnetin 3-(6-cglc) -(1-2)-rhamnoside C34H42O20 769.217 19.23

17 15291-77-7 Ginkgolide B C20H24O10 423.129 19.86

18 39986-90-8 Laricitrin 3-rha-(1-6)-glucoside C28H32O17 639.156 20.03
19 578–74-5 Kaempferol 3-rhamnoside C21H20O10 431.098 21.14

20 480-10-4 Kaempferol 3-glucoside C21H20O11 447.093 21.62

21 17650-84-9 Kaempferol 3-glc-(1-2)-rhamnoside C27H30O15 593.151 21.74
22 5041-82-7 Isorhamnetin 3-glucoside C22H22O12 477.103 22.26

23 604-80-8 Isorhamnetin 3-rha-(1-6)-glucoside C28H32O16 623.161 22.46

24 53430-50-5 Syringetin 3-glc-(1-2)-rhamnoside C29H34O17 653.171 22.88
25 143061-65-8 Quercetin 3-(6-cglc) -(1-2)-rhamnoside C36H36O18 755.180 23.52

26 40437-72-7 Kaempferol 3-rha-(1-6)-glucoside C27H30O15 593.151 23.70

27 117-39-5 Quercetin C15H10O7 301.036 24.68
28 53472-37-0 Laricitrin C16H12O8 331.047 24.68

29 111957-48-3 Kaempferol 3-(6-cglc) - (1-2) -rhamnoside C36H36O17 739.185 25.75

30 491-70-3 Luteolin C15H10O6 285.673 25.94
31 520-18-3 Kaempferol C15H10O6 285.041 28.20

32 520-36-5 Apigenin C15H10O5 269.046 28.73

33 480-19-3 Isorhamnetin C16H12O7 315.051 29.31
34 1617-53-4 Amentoflavone C30H18O10 537.082 34.79

35 521-32-4 Bilobetin C31H20O10 551.140 37.00

36 21763-71-3 Sequoiaflavone C31H20O10 551.099 41.15
37 481-46-9 Ginkgetin C32H22O10 565.114 42.19

38 548-19-6 Isoginkgetin C32H22O10 565. 114 42.33

39 521-34-6 Sciadopitysin C33H24O10 579.130 46.81

Abbreviation: GBE50, Ginkgo biloba extracts 50.
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indicating that they played a key role in the combined 
antiplatelet effects of GBE50 and aspirin.

KEGG Pathway and GO Function 
Enrichment Analysis
GBE50 and aspirin shared common targets as well as 
individual targets. To explore the possible mechanism of 
their combined use to enhance antiplatelet effects, KEGG 
pathway and GO functional enrichment analysis were per
formed. The 108 additional targets of GBE50 on platelet 
aggregation were enriched in 167 KEGG pathways, and 
the top 20 pathways are shown in Figure 6A. Among 
them, the cAMP signaling pathway, complement and coa
gulation cascades and calcium signaling pathway were 
directly related to platelet aggregation. Ten terms were 
significantly enriched in MF, BP and CC in the GO ana
lysis (Figure 6B). The results revealed that these 108 
targets were strongly associated with molecular functions 
such as cytokine receptor binding, transcription factor 
binding and integrin binding, biological processes such 
as cellular response to lipid, cell migration and cell 

adhesion, and cellular components such as the extracellu
lar matrix and platelet alpha granule lumen.

Aspirin’s ten targets related to platelet aggregation were 
enriched in hypertrophic cardiomyopathy, platelet activation 
and oxytocin signaling pathway (Figure 6C), among which 
platelet activation was directly related to platelet aggrega
tion. GO analysis (Figure 6D) showed that these ten targets 
might regulate the action of related enzymes by affecting 
cellular components including platelet alpha granules, 
thereby affecting biological processes such as platelet degra
nulation and activation in platelet aggregation.

The overlapping targets of GBE50 and aspirin on pla
telet aggregation were enriched in 27 KEGG pathways; the 
top 20 enriched pathways are shown in Figure 6E. Among 
these, arachidonic acid metabolism was directly related to 
platelet aggregation, especially AA-induced platelet aggre
gation. GO functional analysis (Figure 6F) also showed 
that these ten overlapping targets could regulate the meta
bolic process of AA. The above results showed that the 
antiplatelet effect of GBE50 might be related to cAMP 
signaling pathway and AA metabolism, and AA 

Table 2 The Information of 7 Candidate Active Components in GBE50

Compound Name Molecule ID PubChem CID MW OB (%) DL

Ginkgolide B MOL011586 65243 424.44 44.38 0.73
Isorhamnetin MOL000354 5281654 316.28 49.6 0.31

Kaempferol MOL000422 5280863 286.25 41.88 0.24

Catechin MOL000492 9064 290.29 54.83 0.24
Luteolin MOL000006 5280445 286.25 36.16 0.25

Laricitrin MOL009278 5282154 332.28 35.38 0.34

Quercetin MOL000098 5280343 302.25 46.43 0.28

Abbreviations: GBE50, Ginkgo biloba extracts 50; MW, molecular weight; OB, oral bioavailability; Dl, druglikeness.

Figure 5 Target prediction and network analysis. 
Notes: The Venn diagram of target of GBE50 active compounds, aspirin and platelet aggregation (A). Compound-target visualization network (B). The green rectangle 
represented aspirin; The green triangle represented the candidate antiplatelet constituents of GBE50; The blue rectangle represented the common targets of GBE50 active 
components and aspirin on platelet aggregation; The yellow rectangle represented 108 additional targets of GBE50 active components on platelet aggregation; The red 
rectangle represented 10 additional targets of aspirin on platelet aggregation. The edges between targets and components represented their interactions.
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Figure 6 KEGG pathway and GO functional enrichment analysis. 
Notes: The KEGG pathway enrichment results of 108 additional targets of GBE50 active compounds (A), 10 additional targets of aspirin (C) and the overlapping 10 targets 
of GBE50 active compounds and aspirin (E). GO functional analysis of 108 additional targets of GBE50 active compounds (B), 10 additional targets of aspirin (D) and the 
overlapping 10 targets of GBE50 active compounds and aspirin (F). 
Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, gene ontology; MF, molecular function; BP, biological process; CC, cellular component.
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metabolism signal might be involved in the antiplatelet 
effect of GBE50 combined with aspirin.

Promotion of cAMP Synthesis by GBE50, 
Aspirin, and Their Combination in 
Platelets
The KEGG pathway enrichment analysis indicated that 
GBE50 active compounds could influence platelet aggre
gation by regulating the cAMP signaling pathway. We 
therefore assessed the effects of GBE50, aspirin and their 
combination in this signaling pathway in resting platelets. 
As illustrated in Figures 7A, 0.3 mg/mL GBE50 and the 
0.3 mg/mL GBE50 + 0.3 mg/mL aspirin combination 
promoted the synthesis of cAMP compared with the vehi
cle group, but aspirin alone exerted no. Compared with 
GBE50 or aspirin alone, the combination of GBE50 and 
aspirin significantly increased cAMP levels.

Effects of GBE50, Aspirin, and the 
Combination of the Two Drugs on TXB2 
Secretion
GBE50 and aspirin exhibited synergistic antiplatelet effect 
on AA-induced platelet aggregation. The KEGG and GO 
analysis of the overlapping ten targets also showed that 
GBE50 and aspirin could influence AA metabolism. 

TXA2 is a bioactive metabolite of AA. Therefore, we 
evaluated the effects of GBE50, aspirin and the combina
tion of the two drugs on the secretion of TXA2 following 
AA-induced platelet aggregation. TXB2 levels were mea
sured as an indicator of TXA2 formation. Treatment with 
aspirin 0.3 mg/mL alone or 0.3 mg/mL GBE50 + 0.3 mg/ 
mL aspirin significantly inhibited the secretion of TXB2 
compared with the vehicle treated group (Figure 7B). 
Compared with the vehicle group, the GBE50 treated 
group resulted in lower TXB2 level, but there was no 
significant difference between the two groups. Overall, 
0.3 mg/mL GBE50 + 0.3 mg/mL aspirin displayed stron
ger inhibitory effects than GBE50 or aspirin alone.

Effects of GBE50, Aspirin, and Their 
Combination on Levels of PAFR
KEGG pathway enrichment showed that GBE50 could 
regulate platelet aggregation by acting on the calcium 
signaling pathway. PAFR protein was significantly 
enriched into this pathway. Thus, we evaluated the effects 
of treatment with GBE50, aspirin and their combination on 
level of PAFR on platelets in PAF-induced platelet aggre
gation. In Figure 7C, exposure to 0.3 mg/mL GBE50 or 
the combination of 0.3 mg/mL GBE50 + 0.3 mg/mL 
aspirin significantly decreased the levels of PAFR on pla
telet compared treatment with vehicle. Aspirin treatments, 

Figure 7 Effects of GBE50, aspirin and their combination on synthesis of cAMP and TXB2, and expression of PAFR. 
Notes: The effects of GBE50 0.3 mg/mL, aspirin 0.3 mg/mL and 0.3 mg/mL GBE50 + 0.3 mg/mL aspirin on synthesis of cAMP (A), secretion of TXB2 (B) and expression 
with levels of PAFR (C). Results were mean ± S.E.M. of three independent experiments. *p < 0.05, **p < 0.01, ***p<0.001. 
Abbreviations: cAMP, cyclic adenosine monophosphate; TXB2, thromboxane B2; PAFR, platelet activating factor receptor; GBE50, Ginkgo biloba extract 50; ns, not 
significant.
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which did not differ significantly with effects obtained 
with vehicle alone. Instead, the levels of PAFR on platelet 
in drug combination group were significantly lower when 
compared with aspirin alone group, although there were no 
significant differences when compared with the GBE50 
group.

Discussion
Our study indicated that the combination of GBE50 and 
aspirin displayed synergistic or additive antiplatelet 
effects. Other studies have also reported the efficacy of 
GBE50 in combination with antiplatelet drugs. Previous 
clinical studies have reported that EGb761 (300 mg/d) 
combined with aspirin does not enhance the antiplatelet 
effect in patients with peripheral artery disease. However, 
the results showed a decreased platelet aggregation in 
patients in the combination group under all inducers. It 
might be due to the insufficient sample size (n = 21 
placebo; n = 23 ginkgo), there was no statistical difference 
in the results. In addition, no adverse bleeding events were 
observed in the combination group.34 Another clinical 
study of acute ischemic stroke also showed that there 
was no difference in the incidence of major bleeding 
events between GBE (150 mg/d) combined with aspirin 
group and aspirin monotherapy group.53 Cilostazol was 
also reported to exert stronger antiplatelet effect when 
combined with GBE in human platelets in vitro.31 

Another clinical trial with small samples observed that 
GBE (80 mg/d) with cilostazol showed a remarkable, but 
not statistically significant, increase in inhibition of plate
let aggregation.54 In addition, these studies all found that 
the combination did not prolong bleeding time and clotting 
time. Other clinical trial has also shown that the use of 
ticlopidine with GBE (160 mg/d) had a more significant 
effect on reducing platelet aggregation for secondary pre
vention of stroke. There was no increase in bleeding 
events.33,55 These studies indicated that GBE combined 
with antiplatelet drugs appears to be more effective and 
does not cause higher risk of bleeding. However, most of 
these studies were small sample trials, a large cohort study 
with long-term follow-up might be needed to evaluate the 
possible pharmacodynamic interaction. In addition, the 
clinical dosage of GBE as a plant extract also needs to 
be evaluated as the dosages in reported studies are diverse. 
Animal experiments have shown that flavonol glycosides 
and aglycone conjugates could be substantially detected in 
plasma after dosing with ginkgo extracts, and the levels of 
systemic exposure to flavonols and terpene lactones were 

significant and increased in GBE50 dose-dependent 
manner.36,56 These might provide references for the clin
ical dosage of GBE50 to exert antiplatelet effect.

Previous studies evaluating drug combinations showed 
that the synergistic effects of drugs were mostly attributed 
to differences in the mechanisms of action.57,58 When drug 
targets overlap, this could lead to target competition, 
which could strongly influence their combination effects. 
In our in vitro platelet aggregation experiments, GBE50 
and aspirin showed different inhibition intensities on pla
telet aggregation and combination treatment with the two 
drugs displayed prominent effects under all inducers of 
aggregation. The network pharmacology analysis also 
revealed that GBE50 and aspirin could interfere with pla
telet aggregation through different targets and pathways. 
There were only ten targets and one pathway overlapped 
for both GBE50 and aspirin, although the combination of 
the two drugs expanded the targets which could potentially 
regulate platelet aggregation. Our findings indicated that 
the combination would lead to synergistic antiplatelet 
effects. The synergy analysis by Synergyfinder2 showed 
that GBE50 and aspirin could exert synergistic or additive 
antiplatelet effects on platelet aggregation. Network phar
macology analysis showed consistently that both GBE50 
and aspirin had different antiplatelet targets. GBE50 could 
influence platelet aggregation by targeting more pathways 
than aspirin, and thus, its combination with aspirin exerted 
a stronger inhibitory effect on platelet aggregation, which 
in turn, might positively enhance the antiplatelet effects of 
aspirin.

GO and KEGG enrichment analyses revealed that 
GBE50 could regulate platelet aggregation through 
a variety of pathways and biological processes. The degra
dation of cAMP is a common factor in the intracellular 
pathway of AA, PAF, ADP and collagen-induced platelet 
aggregation processes. Increased cAMP levels inhibit 
cytoskeletal rearrangement and fibrinogen receptor activa
tion, resulting in a dull platelet response and inhibition 
platelet activation.9,59 Antiplatelet drugs acting on this 
pathway, such as cilostazol and dipyridamole, have been 
widely used in the clinic.5 Our data showed that GBE50 
treatment combined with aspirin increased cAMP levels in 
platelets more significantly than drugs alone, they could 
ensure resting platelets maintain lower reactivity to 
stimulation.

The AA metabolic pathway is an important signaling 
pathway in platelet aggregation. When platelets are acti
vated, AA is released from the plasma membrane of 

https://doi.org/10.2147/DDDT.S318515                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 3556

Ke et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


platelets and is converted to TXA2 by COX and throm
boxane synthase. TXA2 transfers outside the cell to bind 
to the thromboxane receptor on the cell surface, which in 
turn stimulates platelet activation and recruits more plate
lets. The most representative antiplatelet drug that inter
feres with this pathway is aspirin.5,60 Our findings showed 
that aspirin displayed a strong inhibitory effect on TXB2 
synthesis. The combined exposure to aspirin and GBE50 
showed a more prominent effect than exposure to either 
single drug, and exhibited a synergistic antiplatelet effect. 
This might be due to their different effects on AA meta
bolism. Phospholipases A2 (PLA2) is a class of enzymes 
that can hydrolyze membrane phospholipids to AA. GBE 
could inhibit cytoplasmic PLA activity, which then inhib
ited the release of AA.61,62 When exogenous AA was 
added to platelets as an inducer, GBE50 was unable to 
inhibit exogenous AA metabolism. GBE50 could only 
inhibit endogenous AA generation caused by platelet acti
vation; thus, it exerted a weak effect on platelet aggrega
tion and TXB2 generation induced by AA. Aspirin inhibits 
AA metabolism by inhibiting COX-1 activity.16 Once 
combined, GBE50 could inhibit endogenous AA produc
tion and aspirin could inhibit both exogenous and endo
genous AA metabolism; thus, they showed greater 
inhibitory effect on TXB2 generation and had 
a synergistic antiplatelet effect in AA-induced platelet 
aggregation. However, the mechanism of their synergistic 
antiplatelet action requires further investigation.

PAF can specifically bind to PAFR on the platelet surface 
and induce platelet activation and aggregation, which leads to 
promote Ca2+ influx.63,64 Ginkgolides isolated from the 
Ginkgo biloba tree is a kind of natural PAFR antagonists.18 

Our findings showed that GBE50 could also decrease the 
level of PAFR. Aspirin could not exert a similar inhibitory 
effect on PAFR, although the combination of GBE50 and 
aspirin displayed stronger antiplatelet effects in PAF-induced 
platelet aggregation. This may be attributed to the suppres
sion of the activation of nuclear factor-kappa B (NF-κB) 
activation by aspirin,65 which has been proven to promote 
platelet activation and aggregation.66,67 Furthermore, PAF- 
PAFR signaling can activate this pathway.18,68 Therefore, the 
additive antiplatelet effects of this combination may be due to 
the strong effect of GBE50 on PAFR and the downregulation 
of aspirin on NF-κB.

Other studies also found that GBE could inhibited 
platelet aggregation by activating matrix metalloprotein 
(MMP)-9 and then inhibited COX-1 or TXA2 synthase 
in platelets. In addition, activated MMP-9 increased the 

formation of cAMP.69 Liu et al70 showed that the antipla
telet effects of GBE might associated with the inhibition of 
the phosphatidylinositol 3 kinase (PI3K)/protein kinase 
B (AKT) pathway. In addition, Go and KEGG enrichment 
analyses showed that GBE50 could also affect some 
inflammatory and oxidative stress processes including NF- 
kappa B signaling pathway, leukocyte transendothelial 
migration, p53 signaling pathway, leukocyte migration, 
reactive oxygen species metabolic process and transmem
brane receptor protein tyrosine kinase signaling pathway. 
Platelet aggregation is closely associated with inflamma
tion and oxidative stress. For example, in atherosclerosis, 
macrophage and lipid oxidation mediated endothelial cell 
injury can cause platelet aggregation.71–74 GBE50 showed 
remarkable anti-inflammatory and antioxidant effects.75,76 

Perhaps, the antiplatelet effect of GBE50 is determined by 
its strong antioxidant and anti-inflammatory effects.

This study has several limitations. First, the platelets 
used in the experiment came from rabbits, not patients. 
Further studies are required to evaluate the synergistic 
antiplatelet effect of GBE50 and aspirin in human, and it 
is best to give drugs in vivo. Second, the experimental 
results in each assay were obtained from 3 to 5 indepen
dent experiments, more repeated experiments are needed 
for further verification of antiplatelet effect of GBE50 and 
aspirin. Finally, we did not identify the most potent active 
ingredient in GBE50. The candidate components screened 
by TCMSP can be analyzed separately in the follow-up 
study to find the component or drug combination with the 
strongest synergistic antiplatelet effect.

Conclusion
Our study provided important evidence that GBE50 com
bined with aspirin could enhance the antiplatelet effects 
compared with monotherapy. These two drugs played 
synergistic or additive role in restraining platelet aggrega
tion. The study highlighted the value and potential appli
cation of GBE50 as a supplementary therapy to treat 
thrombosis-related disease. Further studies are planned to 
assess the synergistic antiplatelet effect of GBE50 com
bined with aspirin and risk of bleeding in patients.
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