
Page 1 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(6):250 | https://dx.doi.org/10.21037/atm-22-2839

Introduction

Platelets are anucleate blood cells that are mainly produced 
by megakaryocytes and participate in multiple physiological 
and pathophysiological processes (1). Platelets have a short 
lifespan, only existing in blood for 7–10 days, but they 
are heterogenous and play important roles in homeostasis 
maintenance and disease progression (2). Activated platelets 
adhere to the exposed extracellular matrix underlying 

endothelial cells, resulting in the formation of a platelet 
plug to stop bleeding (3). In addition to their central 
roles in hemostasis, platelets have important roles in 
immune modulation, anti-infection activity, and tissue 
repair (4). Platelets have been found to participate in the 
activation of leukocytes and the clearance of pathogens  
(5-7). As secretory cells, the substances released by platelets, 
including growth factors, chemokines, and coagulant 
factors, can alter the microenvironment and influence the 
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activity of adjacent cells (8,9).
Platelets participate in several pathological processes, 

such as disseminated intravascular coagulation (DIC), 
atherosclerosis, tumor progression, and inflammation. 
Multiple antiplatelet drugs have been developed to 
modulate platelet function. Cyclooxygenase 1 (COX1) 
inhibitor,  adenosine diphosphate (ADP) receptor 
antagonist, and integrin αIIbβ3 inhibitor are 3 kinds of 
drugs commonly used to treat cardiovascular disease (2). 
Aspirin, a COX1 inhibitor, can inhibit the activation of 
platelets by blocking the formation of thromboxane A2 
(TXA2) (10,11). Combining a COX1 inhibitor and an ADP 
receptor antagonist is the standard therapy to prevent 
atherothrombotic events (2). Clopidogrel, an ADP receptor 
inhibitor, can irreversibly bind to the P2Y12 receptor of 
platelets, exerting an antiplatelet effect (12). Integrin αIIbβ3 
inhibitors, including abciximab, eptifibatide, and tirofiban, 
can suppress the aggregation of platelets (12). However, 
while antiplatelet agents can prevent the occurrence 
of thrombosis events, they can also increase the risk of 
bleeding (2,13). Thus, we need to develop novel antiplatelet 
drugs to provide more personalized treatment strategies.

Licorice, a Chinese traditional medicine, has been 
shown to exert antiplatelet activity. Flavonoids are 
considered to be the main biologically active components 
of licorice. Studies revealed that flavonoids exert different 
pharmacological functions, such as antiplatelet, anti-
inflammatory, anticancer, antioxidative, antimicrobial, 
immunomodulatory, and cardioprotective effects (14-16). 

Ten chemicals have been identified from flavonoids, and 
one of them, isoliquiritigenin (ILTG), was found to have 
anti-inflammatory, antioxidative, and anticancer properties 
(17-19). ILTG was shown to inhibit the degradation of 
IκBα and further block the activation of nuclear factor 
kappa beta (NF-κB) in endothelial cells, intestinal epithelial 
cells, and macrophages (17,20,21). Tawata et al. (22) found 
ILTG to have an inhibitory effect on platelet aggregation, 
comparable to that of aspirin, and this effect was associated 
with the inhibition of arachidonic acid metabolism. This 
study demonstrated that ILTG can inhibit various important 
molecules in platelets, including COX, lipoxygenase, 
and peroxidase (22) but did not clarify the underlying 
mechanism.

In our study, we investigated the antiplatelet effect 
of ILTG in vitro and further identified the underlining 
mechanism. Our results showed that ILTG could inhibit 
collagen- and thrombin-induced platelet aggregation, 
highlighting its potential for use in clinic. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-2839/rc).

Methods

Volunteer recruitment and sample collection

The blood samples were collected from 14 healthy 
volunteers, including 3 male and 11 female participants. 
All participants were aged between 20 and 30 years and 
had no acute or chronic disease, or history of thrombosis, 
hemorrhagic, or autoimmune diseases. Over the previous 
2 weeks, they had not taken any antiplatelet drugs. The 
female participants were in a nonmenstrual period. 
Informed consent was obtained from all volunteers at the 
start of our study. In accordance with the Declaration 
of Helsinki (as revised in 2013), the study was approved 
by the review boards of Union Hospital and Tongji 
Medical College (IORG No. IORG0003571). A total of 
30 mL of whole blood was obtained with a sodium citrate 
anticoagulant tube. The platelet-rich plasma (PRP), washed 
platelets, and platelet-poor plasma (PPP) were isolated from 
the whole blood.

Preparation of PRP, PPP, and washed platelets

Whole blood was centrifuged (160 ×g, 15 min) at room 
temperature. The supernatant (PRP) was carefully 
transferred to another tube, which was rinsed with 3.8% 
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sodium citrate before transfer. The PPP was obtained from 
the remaining blood by centrifugation (2000 ×g, 10 min) at 
room temperature. The platelet was isolated from PRP by 
centrifugation (550 ×g, 15 min) at room temperature and 
resuspended with a HEPES-Tyrode buffer (NaCl 137 mM, 
NaHCO3 12 mM, NaH2PO4 0.4 mM, KCl 2.8 mM, HEPES 
10 mM, glucose 5.5 mM, pH 7.4) containing 50 ng/mL of 
prostaglandin E1 (PGE1) and 1 mM of ethylene diamine 
tetra-acetic acid (EDTA). The material was centrifuged  
(550 ×g, 8 min) again at room temperature, and the supernatant 
was discarded. The washed platelets were resuspended in 
the HEPES-Tyrode buffer.

Reagents and antibodies

Isoliquiritigenin (961-29-5; the structure is listed in  
Figure 1A) was purchased from Weikeqi-biotech. Thrombin 
(T4393), ADP (A5285), PGE1 (P7527), fibrinogen 
(F3879), TRITC-Phalloidin (P1951), dimethyl sulfoxide 
(DMSO; D2650), bovine serum albumin (BSA; B2064), 
and Triton X-100 (X100) were purchased from Sigma-
Aldrich. Collagen (LS001652) was purchased from Chrono-
Log. Fluo 3-AM (F023-10) was purchased from Dojindo. 
Fluorescein-conjugated antibody to human CD62P (Clone: 
AK-4) and PAC-1 (Clone: PAC-1) were purchased from 
BD Biosciences. The antibodies for the immunoblot in this 
study were the following: anti-phospho-PLCγ2 (Tyr759) 
antibody (50535, CST), anti-phospho-ERK1/2 (Thr202/
Tyr204) antibody (4370, CST), anti-ERK1/2 antibody 
(9194, CST), anti-phospho-Jun N-terminal kinase (JNK) 
(Thr183/Tyr185) antibody (sc-6254, Santa Cruz), anti-JNK 
antibody (sc-7345, Santa Cruz), anti-phospho-p38 MAPK 
(Thr180/Tyr182) antibody (4511, CST), anti-p38 MAPK 
antibody (8690, CST), anti-phospho-Akt (Ser473) antibody 
(4060, CST), anti-Akt antibody (sc-5298, Santa Cruz), and 
anti-GAPDH (ANT011, Antegene).

Platelet aggregation assay

Platelets were stimulated with collagen (2 μg/mL), 
thrombin (0.08 U/mL), or ADP (10 μM) to induce 
aggregation. The aggregation of platelets was evaluated 
using the light transmittance aggregometry method 
according to the manufacturer’s protocol of the Chrono-
log Model 700 (CHRONO-LOG). Platelets were added to 
the reaction tube together with a rotor. CaCl2 was added to 
platelets to make a final concentration of 1 mM. The speed 
of the rotor was set at 1,000 rpm. Different concentrations 
of the ILTG solution were added to the reaction tube at 

37 ℃ for 5 min, and the tube with DMSO was set as the 
control. Then, the tube was placed into the Chrono-log 
Model 700. The baseline was adjusted with PPP. An agonist 
was added to the reaction system to induce aggregation, and 
data were recorded. The light transmittance of PRP with 
no agonist was set to 0, and the light transmittance of PPP 
was set to 100%. A platelet aggregation curve was obtained 
to display the change in light transmittance after the agonist 
was added (23,24).

Platelet ATP release assay

The amount of ATP released from the activated platelets 
was detected using a Chrono-Log Lume Kit (CHRONO-
LOG) according to the manufacturer’s protocol. Platelets 
were added to the reaction tube together with 1 mM of 
CaCl2. Different concentrations of ILTG solution were 
added to the reaction tube at 37 ℃ for 5 min, and the tube 
with DMSO was set as the control. Then, the tube was 
placed into the Chrono-log Model 700, and calibration 
was completed with Tyrode’s solution. The ATP Chrono-
Lumen reagent was added to the reaction system at 37 ℃ 
for 60 s in the dark. Then, the agonist was added to the 
reaction tube, and data were recorded in the dark.

Flow cytometry

Washed platelets were separated from whole blood. The 
CaCl2, DMSO, or ILTG solution was added to the platelet 
solution and incubated at 37 ℃ for 5 min. The agonist was 
then added to the reaction system and incubated at 37 ℃ 
for 5 min. Next, fluorescein-conjugated antibodies or their 
isotypes were added to the reaction solution and incubated 
at 37 ℃ for 15 min in the dark. Finally, Tyrode’s solution 
was used to stop the reaction. All samples were acquired 
with fluorescence activated cell sorting (FACS) Aria II 
(Beckton Dickinson), and the data were analyzed using 
FlowJo v. 10 software (Tree Star).

Platelet extension assay

The coverslip was placed in a 24-well plate and incubated 
with 25 μg/mL of fibrinogen solution or 1% BSA at 4 ℃  
overnight. The coverslip was washed with phosphate-
buffered saline (PBS_3 times and blocked with 1% 
BSA at 37 ℃ for 1 h. Then, the platelets were washed, 
different solutions were added to the coverslips, and 
the platelets were incubated at 37 ℃ for 45 min. The 
supernatant was discarded, and platelets were fixed with 
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2% paraformaldehyde at 37 ℃ for 15 min. Platelets were 
permeabilized using 0.1% Tritton at 37 ℃ for 5 min. The 
supernatant was discarded and then stained with 1 μg/mL  
of TRITC-Phalloidin for 15 min in the dark. Slices 
were made, and data were recorded using a fluorescence 
microscope.

Immunoblot analysis

In the platelet aggregation assay, platelets were collected 
when they achieved a maximal aggregation ratio. Then, 
platelets were lysed in radio-immunoprecipitation assay 
(RIPA) lysis buffer (P0013, Beyotime Biotechnology) 
with proteases (Calbiochem) and phosphatase inhibitor 
(Calbiochem) for 25 min on ice. Whole-cell lysates 
were subjected to the immunoblot assay using standard 
procedures.

Statistical analysis

The data were analyzed with SPSS 21.0 (IBM Corp.). The 

paired t test was used for comparisons between two groups. 
For comparisons between multiple groups, 1-way analysis 
of variance (ANOVA) was used to generate P values. A  
P value less than 0.05 was considered statistically significant.

Results

ILTG inhibited platelet aggregation induced by collagen 
and thrombin

The interact ion between adhesion receptors  and 
collagen initiates the activation of platelets, and then the 
soluble agonist ADP and thrombin further promote the 
aggregation of platelets (25). We preincubated platelets with 
different concentrations of ILTG (2, 5, and 10 μg/mL) and 
observed the aggregation of platelets induced by collagen, 
thrombin, and ADP separately. The results showed that, 
compared with the control, ILTG could significantly inhibit 
collagen- and thrombin-induced platelet aggregation at 
concentrations of 5 and 10 μg/mL (Figure 1B,1C). However, 
ADP-induced platelet aggregation was not influenced by the 

Figure 1 ILTG inhibited collagen- and thrombin-induced platelet aggregation. (A) The chemical structure of isoliquiritigenin. (B) 
Representative aggregation curves of platelets. Platelets were preincubated with different doses of ILTG and then stimulated using collagen, 
thrombin, or ADP. (C) The maximum aggregation rates of platelets. The data are shown as mean ± SEM (n=3) from 3 independent 
experiments. The paired t test was used to compare the differences between the ILTG and the control groups. *P<0.05; **P<0.01. ILTG, 
isoliquiritigenin; ADP, adenosine diphosphate; SEM, standard error of the mean.
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pretreatment of ILTG (Figure 1B). The inhibitory effect of 
ILTG was more obvious in the collagen group. A relatively 
low level of ILTG (2 μg/mL) could significantly inhibit 
collagen-induced platelet aggregation. In contrast, in the 
thrombin group, only high doses of ILTG (5 and 10 μg/mL)  
exerted a significant antiplatelet effect (Figure 1C).

ILTG inhibited the release of α granules and dense granules

The activation of platelets led to the release of intracellular 
granules, including α granules, dense granules, and 
lysosomal granules (26,27). The dense granules contain 
ATP, and the secretion of dense granules can increase the 
level of ATP in the surroundings (2). We treated platelets 
with ILTG and stimulated them with collagen or thrombin, 
after which we detected the ATP in the solution. The results 
showed that ILTG could inhibit the secretion of dense 
granules induced by collagen and thrombin (Figure 2A,2B).  

P-selectin is located in α granules in platelets, and the 
secretion of α granules can increase the level of P-selectin 
on platelet membranes (28). We detected the P-selectin 
expression on platelets to evaluate the secretion of α 
granules. We found that ILTG could downregulate the 
expression of P-selectin significantly on platelets activated 
by thrombin (Figure 2C). ILTG also showed a tendency to 
inhibit P-release expression induced by collagen, but the 
effect was not significant.

ILTG inhibited the signal transduction during platelet 
activation

The activation of platelets induces the conformational 
change of integrin αIIbβ3 and increases its binding affinity 
to ligands in a process is called inside-out signaling (29,30). 
Procaspase-activating compound 1 (PAC-1) is a marker of 
platelet activation, which can specifically bind to the high-

Figure 2 ILTG attenuated the secretion of α granules and dense granules. Platelets were stimulated using collagen or thrombin. (A) The 
release of ATP (dense granules) from platelets treated with different doses of ILTG. (B) The relative release of ATP from activated platelets 
pretreated with different doses of ILTG compared with the control group. (C) The expression rate of P-selectin on activated platelets 
in different groups. Data are shown as mean ± SEM (n=3) from 3 independent experiments. The paired t test was used to compare the 
differences between the ILTG and control groups. *P<0.05; **P<0.01; ***P<0.001. ILTG, isoliquiritigenin; ATP, adenosine triphosphate; 
SEM, standard error of the mean.
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affinity integrin αIIbβ3 receptor on activated platelets. We 
stimulated pretreated platelets with collagen or thrombin 
and then detected the level of PAC-1 on platelets. The 
results showed that ILTG could significantly inhibit 
the binding of PAC-1 on activated platelets (Figure 3A).  
The binding of integrin αIIbβ3 to its ligand initiates 
several outside-in signals, resulting in the adherence and 
extension of platelets (31). We detected the adherence and 
extension of platelets on the fibrinogen-coated surface 
by observing fluorescein-conjugated TRITC-Phalloidin-
labeled actin in platelets under a fluorescence microscope. 
Our data indicated that ILTG could inhibit the extension 
of platelets on a fibrinogen-coated surface (Figure 3B). 

The number of adhered platelets and the extension area of 
platelets decreased significantly in the ILTG-treated group  
(Figure 3C,3D).

ILTG inhibited the glycoprotein VI-mediated signaling 
pathway

To investigate the underlying molecular mechanism of 
ILTG’s antiplatelet effect, platelets were pretreated with 
ILTG and activated by collagen. Then, we detected the 
phosphorylation levels of various molecules downstream 
of the collagen-glycoprotein VI (GPVI) pathway. ILTG 
could inhibit the phosphorylation of phospholipase C γ2 

Figure 3 ILTG inhibited signal transduction during platelet activation. Platelets were stimulated with different agonists. (A) The binding 
rate of PAC-1-positive platelets. (B) Immunofluorescence was used to detect the extension of platelets on a fibrinogen-coated surface. (C) 
The number of adherent platelets on a fibrinogen-coated surface. (D) The area of spreading of the platelets on the surface of fibrinogen. 
Data are shown as mean ± SEM (n=3) from 3 independent experiments. The paired t test was used to compare the differences between the 
ILTG and control groups. *P<0.05; **P<0.01. BSA, bovine serum albumin; DMSO, dimethyl sulfoxide; ILTG, isoliquiritigenin; PAC-1, 
procaspase-activating compound 1; SEM, standard error of the mean.
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(PLCγ2) and protein kinase B (PKB/Akt) (Figure 4A,4B).  
The phosphorylation of extracellular signal–regulated 
k inase  (ERK) was  s l ight ly  inhibi ted by ILTG at 
higher concentrations (Figure 4C,4D). However, the 
phosphorylation of c-Jun N-terminal kinase (JNK) and p38 
was not influenced by the pretreatment of ILTG (Figure 4C).  
Protein kinase C (PKC) substrates were also detected, and 
the results showed that their phosphorylation could be 
suppressed after ILTG treatment (Figure 4E). Overall, our 
study indicated that ILTG could inhibit the intracellular 

signals mediated by Akt, PKC, and MAPK pathway, thus 
decreasing the secretion of granules, suppressing the 
aggregation and extension of platelet, and exerting its 
antiplatelet effect (Figure 5).

Discussion

In our study, we confirmed the antiplatelet activity of ILTG, 
including the inhibitory effect on platelet aggregation, 
granule secretion, and intracellular signal transduction. 

Figure 4 ILTG inhibited the collagen-GPVI-mediated signaling pathway. Platelets were stimulated with collagen (2 μg/mL). Immunoblot 
analysis showed that ILTG inhibited the phosphorylation of (A) PLCγ2, (B) Akt, and (C) ERK. (D) The fold change of p-PLCγ2, p-Akt, 
and p-ERK in different groups. Data are mean ± SEM (n=3) from 3 independent experiments. The paired t test was used to compare the 
differences between the ILTG and control groups. *P<0.05. (E) Immunoblot analysis of the phosphorylation of PKC substrates. ILTG, 
isoliquiritigenin; PLCγ2, phosphorylation of phospholipase C gamma-2; Akt, protein kinase B; ERK, extracellular signal-regulated kinase; 
SEM, standard error of the mean.
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We used 3 agonists, namely, collagen, thrombin, and ADP, 
to activate platelets and found that ILTG could inhibit 
the aggregation of platelets stimulated with collagen and 
thrombin. ADP is stored in dense granules and can be 
released after platelet activation (32). ILTG may exert its 
suppressive effect on platelets when stimulated by collagen 
or thrombin through the blockage of ADP secretion, but 
this may have little influence on the ADP-mediated platelet 
aggregation. Activated platelets can release ATP to their 
surroundings, and P-selectin stored in α granules will be 
transported to the platelet membrane (33,34). Thus, the 
level of ATP in the platelet suspension and the expression of 
P-selectin on the platelet surface are good indicators of the 
secretory ability of activated platelets. We confirmed that 
ILTG could inhibit the secretion of granules by detecting 

the concentration of ATP and expression of P-selectin after 
adding an agonist to the platelet suspension.

When collagen activates the GPVI signal, Src family 
kinases such as Fyn and Lyn will bind to the ITAM motif of 
FcRγ. Then, Fyn and Lyn activate PLCγ2, phosphoinositide 
3-kinase (PI3K) and MAPK via tyrosine kinase Syk (35). 
These intracellular signals can elevate the amount of Ca2+ 
in platelets, resulting in the secretion of granules, activation 
of integrin, and platelet aggregation (2). We extracted the 
protein from activated platelets and detected the expression 
of these signal mediators. We found that ILTG could inhibit 
the phosphorylation of PLCγ2 and Akt, suggesting ILTG 
had an inhibiting effect on the collagen-GPVI signaling 
pathway.

Thrombin and ADP can bind to protease-activated 

Figure 5 The underlying mechanism of ILTG’s antiplatelet effect. ILTG, isoliquiritigenin; GPVI, glycoprotein VI; PLCγ2, phosphorylation 
of phospholipase C gamma-2; DAG, diacylglycerol; PKC, protein kinase C; MAPK, mitogen-activated protein kinase.
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receptor and P2Y1 receptor and then activate PLCβ, PI3K/
Akt, and MAPK via G protein Gq (36,37). Furthermore, 
thrombin can activate small G protein RhoA via guanine 
nucleotide exchanging factors, leading to platelet 
deformation and a secretory reaction (38). ADP can inhibit 
the activity of adenylyl cyclase (AC), reduce the synthesis 
of cyclic AMP (cAMP), and relieve the suppression effects 
on platelet (39). ILTG inhibited the activation of platelets 
when in the presence of collagen or thrombin, indicating 
some common molecules such as PLCβ and Akt might be 
targets of ILTG.

The inside-out signaling increases the binding affinity 
of the integrin αIIbβ3 receptor. Furthermore, the binding 
of activated integrin αIIbβ3 receptor and collagen initiates 
outside-in signaling (40-42). Src family kinases (SFK)-
mediated signaling activates several downstream pathways, 
including the phosphorylation of the myosin heavy chain, 
the activation of RhoA GTPase activating protein, and the 
phosphorylation of PLCγ2 (43). We found that both inside-
out signaling and outside-in signaling could be suppressed 
by ILTG, leading to dysfunction of the platelets.

Multiple in vivo studies have investigated the function 
of ILTG, but the dose of ILTG applied varied (44,45). Our 
in vitro study indicates that ILTG has great potential to be 
an antiplatelet drug because it can inhibit the formation 
of platelet plug and the extension of thrombus. However, 
further research is needed to evaluate the safety and efficacy 
of ILTG in vivo, including the use of animal models to 
investigate the pharmacodynamics, metabolic processes, and 
side effects of ILTG. Whether ILTG can be used in patients 
still needs to be verified by clinical trials. However, ILTG 
might have applications in cancer treatment. Cancer cells 
can induce the activation of platelets by direct connection 
or by releasing an agonist. Activated platelets participate in 
cancer progression, angiogenesis, and tumor invasion (44). 
The antiplatelet function of ILTG might contribute to its 
anticancer effect. In conclusion, more studies are need to 
clarify the antiplatelet mechanism of ILTG and evaluate its 
potential in clinical application.
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