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Myocardial ischemia-reperfusion injury (MIRI) is common in patients with acute coronary syndrome (ACS) after PCI treatment,
which seriously affects the efficacy of revascularization and hinders the postoperative recovery of patients; therefore, the current
study is focused on determining effective methods in the treatment of MIRI. Antiplatelet therapy is a routine treatment for ACS,
and its benefits for treating MIRI have been previously verified. With the development of traditional Chinese medicine (TCM),
many TCM preparations are widely used in the clinic. Many basic and clinical studies have shown that TCM can be used together
with antiplatelet drugs, and the safety and efficacy when TCM is included in the treatment are better than when antiplatelet drugs
are used alone. This paper summarizes the current research progress of traditional Chinese medicine and Western medicine in the
treatment of MIRI to provide a theoretical basis for further research and clinical treatment.

1. Introduction

Acute coronary syndrome (ACS) is one of the leading causes
of death worldwide [1]. ACS occurs when the blood flow
through the coronary artery decreases or stops, resulting in
myocardial tissue damage ranging from ischemia to in-
farction. The main mechanism is the growth and rupture of
atherosclerotic plaques, and a thrombus is then formed
within the coronary artery [2]. Due to different patho-
physiological mechanisms between NSTE-ACS and STEMI,
they are separated into two groups: NSTE-ACS and STEMI.
NSTE-ACS guidelines recommend pharmacological treat-
ment for ischemia (by coordinating the regulation of oxygen
supply and consumption) [3]. STEMI’s treatment guidelines
recommend the immediate use of reperfusion therapy
(initial percutaneous coronary intervention (PCI) or
thrombolysis utilization) to recanalize the coronary artery
[4]. All guidelines recommend antiplatelet agents to be used
for long-term treatment after reperfusion. Revascularization

is necessary for patients with myocardial infarction and can
effectively reduce the cardiomyocyte injury caused by
myocardial ischemia, but nearly one-half of AMI patients
suffer from myocardial ischemia-reperfusion injury (MIRI)
after reperfusion [5]. MIRI can cause a re-enlargement of the
myocardial infarction area, which can manifest as a reper-
fusion arrhythmia, myocardial stunning, no reflow, mi-
crovascular dysfunction, and so on [6-8]. The reduction in
the size of myocardial infarction in MIRI is an important
goal in improving the effects of revascularization, so finding
an effective treatment is the focus of MIRI research.
Platelets are discoid anucleate hematopoietic cells with
an average diameter of 1.5-3.0 mm. They are produced by
megakaryocytes in the bone marrow, circulate in blood, and
are cleared by the reticuloendothelial system [9]. These cells
can participate in MIRI in a variety of ways, and they can
secrete a large number of positive and negative factors in-
volved in the development of MIRI or could have a con-
tinuous activation in the vascular lesions leading to MIRI
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[10]. It is worth the attempt to use antiplatelet therapy for
treating MIRI patients.

From the philosophy of TCM, there is a deficiency of qi
in the pathogenesis of MIRI, and this can lead to the de-
velopment of blood stasis, and blood stasis further aggra-
vates qi deficiency; therefore, blood stasis is one of the
important pathological processes in MIRI [11]. Many basic
and clinical studies have achieved good results in the
treatment of MIRI, such as when using Salvia miltiorrhiza,
Ligusticum chuanxiong, and safflower. Currently, TCM and
Western medicine have increased the understanding of
antiplatelet therapy. This paper summarizes the current
clinical research in both TCM and Western medicine for the
treatment of MIRI and provides a theoretical basis for
turther clinical research in the future.

2. Relationship between Platelets and Clinical
Manifestations of MIRI

Blocking platelet aggregation during PCI in patients with an
acute myocardial infarction (AMI) is the standard treatment
for inhibiting intravascular coagulation and reducing stent
rethrombosis. Aggregates of platelets, leukocytes, and other
substances produced after a coronary endothelial injury can
occlude microcirculatory vessels, causing MIRI in ACS
patients undergoing PCI. Platelets are also the first blood
cells to respond to MIRI. Therefore, the effect of antiplatelet
therapy on MIRI after PCI has been a research focus.
Platelets have multiple pathophysiological effects in re-
sponse to MIRI

One of the effects is platelet microthrombosis [12]. Some
researchers have found that platelets can be activated and
they adhere and aggregate to the ischemic myocardial site in
the early stage of myocardial ischemia-reperfusion after
myocardial ischemia and reperfusion in animal models
[13-15], and the number of activated platelets is positively
correlated with the time of myocardial ischemia, also sup-
porting that platelets can be directly activated by myocardial
ischemia. The platelet glycoproteins GPVI and IIb/IIIa play
key roles in platelet adhesion and aggregation, and several
basic studies [16, 17] showed a reduction in the size of a MI
by inhibiting GPVI in a murine left anterior descending
artery ligation reperfusion model. These studies suggest that
therapeutic strategies targeting the platelet glycoprotein
GPVI may be a valuable approach for the treatment of MIRI.

In addition, platelet aggregation is an early marker of
AMI and is also related to cardiac no-reflow in patients with
STEMI after PCI [18, 19]. Ren et al. [19] believed that the
increase in platelet levels before PCI was independently
correlated with the no-reflow phenomenon after PCI, and
the increased platelet level may indicate increased odds of
the no-reflow phenomenon in STEMI patients receiving
PCI. What is complicated is that the data [16] show that, in
the mouse model of MI using a 30 min ligation followed by
24 h reperfusion, the size of MI is not affected by the in-
hibition of platelet adhesion or aggregation, but with the
improvement of perfusion, it inhibited platelet activation
and reduced the area of AMI, suggesting that platelet ac-
tivation may affect the microvascular system. Although the
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effect of this treatment is not due to antithrombotic effects, it
can still be confirmed that platelets affect the microvascular
reperfusion [16].

Aggregation of platelets with leukocytes is also an im-
portant mechanism of MIRI, and it has been demonstrated
in animal models and clinical trials that MIRI can induce an
increase in platelet neutrophil complexes [19-21]. Studies
have found that the levels of platelet neutrophil complexes
are positively correlated with the severity of injury, neu-
trophils can promote platelet transendothelial motility, and
phosphorylation of vasodilator-stimulated phosphoprotein
(VASP) can reduce platelet-to-neutrophil aggregate pro-
duction in peripheral blood and reduce platelet-to-neutro-
phil aggregate production in the ischemic myocardium,
ultimately reducing the extent of injury in MIRI [22]. An-
imal studies [23] have found that ischemic preconditioning
can induce VASP phosphorylation to inactivate GP IIb/IIIa
integrin receptors on platelets, which leads to a decrease in
platelet-neutrophil complex formation in injured organs
and, in turn, decreased MIRI extent.

Platelets are activated and play an important role after
MIRI stimulation, platelet activation causes an increase in
the mean platelet volume and an increase in the secretion of
microvesicles (MVSs), apoptotic bodies, and exosomes, and
various mediators carried by these extracellular vesicles,
such as proteins, mRNAs, and microRNAs, are released
[24, 25]. Activated platelet-released factors may play a
cardioprotective role during ischemia [26], but there is
strong evidence that they can aggravate reperfusion injury
by a mechanism independent of angioembolization [27, 28].
Further studies are needed. It is known that when ACS
occurs, platelets are activated, and the mean platelet volume
is larger than in stable coronary heart disease (CHD) pa-
tients [29]. Patients with AMI also have increased levels of
released platelet granules (P-selectin and CD63) [30] and
increased plasma levels of vWF and serotonin [8, 31],
suggesting that platelets play an important role in myo-
cardial injury.

Therefore, with the improved understanding of MIRI, it
is recognized that platelets play important roles in the
pathophysiology of MIRI and that antiplatelet therapy can
inhibit the aggregation of platelets within the myocardium
and inhibit the release of vasoconstrictive substances after
platelet activation, indicating its great potential for MIRI
therapy and that it is an important method for the treatment
of MIRI in modern medicine.

3. Modern Antiplatelet Therapy for MIRI

Antiplatelet drugs are usually divided into anti-thrombox-
ane A2, ADP receptor antagonists, PDE3 inhibitors, platelet
GP IIb/IlIa receptor antagonists, and so on.

Dual antiplatelet therapy (DAPT) is the cornerstone of
the treatment of ACS. Aspirin and clopidogrel are the
most widely used antiplatelet drugs in the world. The
CURE trial [32] evaluated the efficacy of aspirin (75 to
325 mg daily) combined with a loading dose of clopidogrel
(300 mg loading followed by 75mg daily) and aspirin
alone for 9 months in patients with NSTE-ACS. The trial
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found that DAPT significantly reduced overall mortality
within 24 h of symptom onset in patients with NSTE-ACS
but was associated with an increased risk of bleeding
compared with patients receiving clopidogrel alone. The
COMMIT trial [33] also demonstrated that the addition of
clopidogrel (75 mg per day) to aspirin (162 mg per day)
therapy for 4 weeks after hospitalization safely reduced
mortality and the risk of major cardiovascular events in
patients with AMI. Khan et al.’s study [34] also confirmed
that DAPT is indeed effective in preventing myocardial
injury, preventing the expansion of myocardial infarction
size, and reducing the risk of adverse cardiovascular
events in patients after PCI, but there is a certain risk of
bleeding. Antiplatelet therapy alone reduces bleeding
events after PCI, whereas long-term DAPT reduces car-
diovascular risk and prevents MIRI at the cost of increased
bleeding events.

Guidelines [3, 4] recommend low-dose aspirin (75-100 mg)
and a P2Y12 receptor antagonist after PCI in patients with AMI.
Prasugrel 10 mg once daily is recommended for P2Y12 receptor
antagonists and ticagrelor 90 mg twice daily and clopidogrel
75 mg once daily for 12 months when ticagrelor is not available
to promote recovery from myocardial injury.

The choice of P2Y12 receptor antagonists was based on
clinical trial selection. The PLATO trial [35] treated ACS
patients for 33 months with aspirin (75-100 mg daily) in
combination with either ticagrelor (180 mg loading dose,
90 mg twice daily) or clopidogrel (300 to 600 mg loading
dose, 75 mg daily thereafter). The primary composite efficacy
endpoint was achieved in 9.8% and 11.7% of patients in the
final ticagrelor and clopidogrel arms, respectively, with no
apparent difference in efficacy between the arms. Aspirin
(75-162 mg) combined with prasugrel (60 mg loading dose
and 10mg maintenance daily) or clopidogrel (300mg
loading dose and 75 mg maintenance daily) in patients with
ACS was continued for 6 to 15 months, with no significant
difference in overall mortality between the two treatment
groups [36].

MIRI is an important factor affecting the expansion of
myocardial infarct size. DAPT may reduce myocardial in-
farct size by treating MIRI. Other antiplatelet agents can also
be combined with DAPT to prevent against myocardial
injury, such as GP IIb/Illa inhibitors. Three GP IIb/Ila
inhibitors are abciximab, tirofiban, and eptifibatide. Among
them, abciximab is the most studied GP IIb/IIa inhibitor
[37]. Basic research [27] found that GP IIb/IIIa inhibitors
have the potential to treat MIRI. Researchers injected
platelets from healthy volunteers and patients with AMI into
rat hearts, and platelet perfusion in patients with AMI in-
creased the coronary resistance and myocardial injury. The
P2Y12 receptor antagonist ticagrelor and the GP IIb/Ila
receptor blocker abciximab can prevent such injuries,
suggesting that the early inhibition of platelet activation may
be an effective method.

A meta-analysis evaluated the safety and efficacy of GP
IIb/1MIa inhibitors during PCI. Forty-eight studies involved
more than 33,000 patients. In short, the use of GP IIb/Ila
inhibitors after PCI has been shown to be beneficial, as
shown by a reduction in the 30-day mortality, nonfatal

myocardial infarction, and emergency revascularization.
However, this benefit is accompanied by a substantial risk of
bleeding. The benefit disappeared 6 months after treatment
[38]. Overall, the use of GPIIb/IIIa inhibitors as well as other
antiplatelet agents was not randomized, and the addition of
aspirin and P2Y12 receptor antagonists may increase the risk
of bleeding. Due to the better efficacy and onset time of
P2Y12 inhibitors, the use of other antiplatelet agents in
ischemia-reperfusion is decreasing with the increased use of
P2Y12 inhibitors.

4. Treatment of MIRI with Antiplatelet Therapy
Using Integrative Medicine Therapy

Currently, 12 months of DAPT is commonly used in the
clinic to prevent MIRI after PCI in patients with ACS. There
are meta-analyses [39] which indicated that a treatment
duration of 6 or 12 months had no significant difference on
the impact of patients’ risk of adverse cardiovascular events
and that a longer period of DAPT increases the risk of
bleeding, so how to adjust the time of DAPT and manage
patients’ risk factors is important. The above results also
suggest that how to achieve adequate and effective anti-
platelet therapy at 3-6 months of DAPT is important for
patients’ later benefit, while combining other antithrombotic
agents, such as GP IIb/IIIa inhibitors, may increase the risk
of bleeding. TCM formulations are able to reduce myo-
cardial injury through multiple targets; therefore, the re-
search into TCM formulations combined with Western
antiplatelet agents such as DAPT on MIRI deserves further
attention (Table 1).

4.1. Compound Danshen Dripping Pills. Compound
Danshen Dripping Pill (CDDP) is a proprietary Chinese
medicine based on TCM theory and modern medical
technology. It regulates qi, relieves pain, promotes blood
circulation, and removes blood stasis. Radix Salviae mil-
tiorrhizae, Panax notoginseng, and borneol are the main
components of CDDP, in which Salvia miltiorrhiza can
activate blood circulation, remove blood stasis, and improve
myocardial blood supply. Panax notoginseng can stop
bleeding, invigorate blood circulation, remove blood stasis,
and relieve pain. Borneol reduces swelling and relieves pain.

From the point of view of modern pharmacology, CDDP
has the effects of antiplatelet aggregation and antith-
rombosis, reducing blood viscosity, protecting against
reperfusion injury, and improving microcirculation. The
main active components are salvianolic acid B and Panax
notoginseng saponins [54]. A recent meta-analysis [40] in-
cluded a number of clinical studies to explore the effect of
CDDP on the hemorheology of CHD after PCI. CDDP
significantly reduced MACE events after PCI (P <0.00001).
Compared with PCI alone, CDDP combined with PCI
significantly reduced WBV, PV, and EAI (P <0.00001),
suggesting that CDDP can reduce the risk of postoperative
PCI and treat MIRI by inhibiting platelet thrombosis and
anticoagulation.
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TaBLE 1: Summary of randomized studies on the effects of TCM formulations on CHD.
Studies Interventions Dose Duration Result Mechanism
(months)
E:cbDP iigtlnﬁl-ecnotnventlonal CDDP: 10 pills Combined CDDP may reduce
Li et al. [40] . VPSS 3 honths  the incidence of MACE in —
C: PCI + conventional tid -
patients
treatment
CDDP: 10 pills, Reducing the rate of platelet
E: CDDP + aspirin '[l.d. (;DDP Cf)mb.m.ed w1th. aspirin aggregation, 1nh1b1t1ng
Wang [41] C: aspirin Aspirin: 3 months is effective in increasing the  platelet aggregation, and
Fasp 50-150 mg efficacy of CHD patients reducing thromboxane
daily formation
CDDP: 10 pills, CDDP improves cardiac
. . function and reduces the .
E: CDDP + PCI + aspirin tid - . Improved myocardial
Yan [42] - .. 3 months incidence of major long-term . . .
C: aspirin Aspirin: . . microcirculation
. cardiovascular events in
100 mg daily .
patients
E: DAPT+CDDP The combination group was
. Cl: DAPT +bivalirudin ~ CDDP: 10 pills, ) sroup
Wei et al. [43] Ca fid 1 week able to improve cardiac —
DAPT + bivalirudin + CDDP function
CDDP: 10 pills,
E: DAPT + CDDP .tld Better improvement O.f By downregulating platelet
. . Clopidogrel: symptoms in patients with >
Tsai et al. [44] CI: clopidogrel 75 me dail 3 weeks nstable aneina in the aggregation rate and
C2: DAPT g datly b ¢ ang thromboxane B2
Aspirin: combination group
100 mg daily
Bo and Hui E: DAPT + Naoxintong Naoxintong Attenuates myocardial injury Through anti-inflammatory
[45] capsules capsules: 1.6 g, 1 week after PCI effects
C: DAPT tid
Aspirin:
E: Naoxintong 100 mg daily Inhibition of platelet activity
Chen et al. Iy : . .
[46] capsules + aspirin Naoxintong 1 month by Naoxintong capsules is —
C: aspirin capsules: 3 superior to aspirin alone
pills, tid
Clopidogrel:
. 75 M8 <'1a11y The combination achieves
Ming et al E: Naoxintong Aspirin: more desirable antiplatelet
) capsules + DAPT 100 mg daily 5 days . . —
[47] : aggregation without
C: DAPT Naoxintong . : . .
increasing the risk of bleeding
capsules: 3
pills, tid
Le.zngqln and E: DHI + conventional DHI: 30 ml DHI can effectively improve
Yinghong therapy dail 14 days the microcirculation state o
[48] C: conventional therapy Y
DHI reduces myocardial
E: DHI + conventional infarct size and has the effect
. DHI: 40 ml . . . .
Qi [49] therapy dail 6 days  of improving cardiac function —
C: conventional therapy Y in perioperative patients
undergoing PCI
Improved levels of
: . inflammatory factors in
Chen-guang E: DHI Elzf:ventlonal DHI: 40 ml 2 weeks The effect of the experimental patients and the inhibition of
et al. [50] -rapy daily group was better platelet activation as well as
C: conventional therapy - .
improved endothelial
function
STS: 16 ml
Xiaoli and E: STS + aspirin daily STS can improve clinical ~ STS can significantly inhibit
o . L 2 weeks A .
Jianjun [51] C: aspirin Aspirin: symptoms platelet activation function




Evidence-Based Complementary and Alternative Medicine

TaBLE 1: Continued.

Studies Interventions Dose Duration Result Mechanism
(months)
Aspirin:
100 mg daily STS can improve the
. E: STS + DAPT Clopidogrel: STS can reduce angina inflammatory response,
Qing (52] C: DAPT 75 mg daily 4 weeks recurrence reduce blood viscosity, and
STS: 80mg protect cardiomyocytes
daily
Aspirin:
100 mg daily . N .
E: STS+ DAPT Clopidogrel: STS is effective in improving
Tao [53] . 40 days outcomes in ACS patients —
C: DAPT 75 mg daily undereoing PCI
STS: 100 ml gome
daily

E: experimental group; C: control group; tid: three times per day; CDDP: Compound Danshen Dripping Pill; PCI: percutaneous coronary intervention;
DAPT: dual antiplatelet therapy; DHI: Danhong injection; STS: sodium tanshinone ITA sulfonate injection.

A meta-analysis [41] including 16 RCTs, after comparing
the treatment groups using CDDP (10 pills, tid) combined
with aspirin (50-150 mg daily) with the aspirin only group,
concluded that CDDP combined with aspirin is effective in
increasing the efficacy of CHD patients, reducing the rate of
platelet aggregation, inhibiting platelet aggregation, and
reducing thromboxane formation. The clinical study of Yan
[42] included 180 patients with no reflow after PCI. The
experimental group was treated with CDDP with antith-
rombosis and antiplatelet aggregation therapy. The TIMI
blood flow grade of myocardial infarction was compared
between the two groups. The experimental group had an
improved blood circulation and a higher TIMI grade than
the control group (P <0.05). It is suggested that CDDP can
significantly improve the myocardial microcirculation in
patients with no reflow after PCI. DAPT combined with
antithrombotic therapy is often adopted in the perioperative
period after PCI of acute MI to prevent MIRI. The clinical
trial designed by Wei et al. [43] included AMI patients on the
basis of DAPT combined with CDDP in the perioperative
treatment group, the control group was DAPT combined
with bivalirudin, and the combination group was DAPT
combined with bivalirudin and CDDP. The results of the
study showed that the combination was able to improve
cardiac function, optimize hemorheology, inhibit inflam-
mation, and improve endothelial function in AMI patients
after PCIL.

Clinical studies [44] have found that CDDP can be
combined with DAPT to treat patients with unstable angina,
and after 3 weeks of treatment, it was found that CDDP
combined with DAPT was most effective and was able to
regulate the platelet aggregation rate and thromboxane B2.
In the above clinical studies, CDDP was combined with
antiplatelet drugs. The results showed that the combination
of the two can promote and increase clinical efficacy, and the
mechanisms need further study.

4.2. Naoxintong Capsules. Naoxintong capsules are based on
the theory of TCM, which are made from the Buyang
Huanwu decoction. It has the effect of replenishing qi and

activating blood circulation, removing blood stasis, and
dredging collaterals. Buyang Huanwu decoction is a clini-
cally recognized prescription for the treatment of CHD with
qi deficiency, blood stasis syndrome, and cerebrovascular
disease [55].

Naoxintong capsules can reduce myocardial injury in
patients with CHD. It has been found that taking Naox-
intong capsules one week before PCI can reduce the levels of
serum hs-CRP, CK-MB, and cTnl after PCI, reduce the
myocardial injury caused by PCI, and reduce the damage
caused by MIRI [45]. There may be many mechanisms for
Naoxintong in the treatment of MIRI. Studies [56] have
shown that Naoxintong capsules can inhibit proin-
flammatory macrophages (M1 macrophages) and neutrophil
infiltration by inhibiting the activation of the inflammatory
cytokines IL-1/3 and NLRP3 and improve cardiac function in
mice with MIRI. There are also basic studies [57] that
Naoxintong capsules can inhibit the platelet aggregation
rate, prolong the clotting time, improve the hypercoagulable
state of blood, and protect against ischemia in myocardial
tissue in rats with myocardial ischemia, which can provide a
theoretical basis for Naoxintong capsules in the clinical
prevention and treatment of MIRL

Huan [58] discussed the therapeutic effect of Naoxintong
combined with DAPT in the prevention and treatment of
coronary microembolism caused by autologous micro-
thrombosis in rats. The results showed that Naoxintong
capsules regulated the balance between hemorrhage and
coagulation through multiple pathways and targets. They
can significantly reduce CME% of coronary microembolism
in model rats and reduce the bleeding risk in duplex anti-
platelet therapy. The mechanism is that Naoxintong capsules
can effectively regulate the levels of proinflammatory and
anti-inflammatory factors, serum endothelin-1 (ET-1), and
endothelial nitric oxide synthase (e-NOS), improve vascular
endothelial function, and inhibit platelet aggregation.

Clinical studies have found that the combination of
Naoxintong capsules with aspirin can provide optimized
antiplatelet effects in patients with cardiovascular and cere-
brovascular diseases. The study [46] included 145 patients with
cardiovascular and cerebrovascular diseases (diabetes,



hypertension, CHD, and cerebral infarction). The curative
effect of the experimental group combined with aspirin was
better than that of aspirin alone, and there were no increases in
adverse reactions. CYP2C19#2 is the most common genetic
variation and is related to the bioavailability of clopidogrel
active metabolites, antiplatelet effects, and variability of clinical
results [59]. It can lead to a higher incidence of cardiovascular
events in patients with a low CYP2C19 function after PCI [60],
while Naoxintong [47] can be combined with clopidogrel to
treat ACS patients, which has a significant effect on platelet
aggregation, does not increase the risk of bleeding, and pro-
vides long-term clinical benefits for patients with CYP2C19%2
gene mutations [61].

There are many mechanisms of Naoxintong in the
treatment of MIRI, such as anti-inflammatory effects,
antiplatelet aggregation, and improvement of vascular en-
dothelial function that may be involved in the treatment of
MIRI [62], but previous studies have shown that platelets
play an important role in MIRI. Naoxintong combined with
antiplatelet drugs can produce an improved effect, and the
efficacy and safety of its combined use are worthy of further
clinical research.

4.3. Danhong Injection. Danhong injection (DHI) is com-
posed of Salvia miltiorrhiza and safflower, which has the
effect of promoting blood circulation, removing blood stasis,
and dredging meridians and collaterals. It mainly contains
acids, tanshinones, flavonoids, and other chemical com-
ponents [63]. By comparison with the control substance
[64], it was determined that the material basis of DHI in the
treatment of MIRI rats was danshensu, protocatechuic al-
dehyde, tanshinol acids, etc.

In the theory of TCM, the pathogenesis of MIRI is a
blood stasis block. DHI has the effect of promoting blood
circulation and removing blood stasis, while the afore-
mentioned methods have been shown to be effective
treatments for MIRI. Basic studies have found that DHI can
increase the maximum platelet aggregation time of rabbits,
effectively reduce the rate of platelet aggregation, and inhibit
thrombosis in rabbits [65]. DHI can also use a variety of G
protein-coupled receptor pathways to significantly inhibit
platelet activation, dissolve arterial thrombi, and improve
dry gangrene [66]. After treatment with DHI, the indexes of
whole blood viscosity, nailfold microcirculation, and platelet
activation in patients with myocardial infarction were sig-
nificantly better than those in the control group, suggesting
that DHI can effectively improve the disturbance of mi-
crocirculation [48]. Basic studies suggest that DHI has a
certain effect on MIRI. Chinese experts agree that DHI can
protect against myocardial ischemia-reperfusion injury in
many ways [67].

DHI is often used in combination with antiplatelet drugs
in the clinic. In a clinical study [49], DHI combined with
antiplatelet drugs was used to treat 70 patients with STEMI
after PCI. Cardiac structure and function and the size of the
myocardial infarction were quantitatively evaluated by
cardiac nuclear magnetic resonance (NMR). DHI improved
the perioperative myocardial infarction area and cardiac
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function in PCI patients presented on emergency. In the
clinical trial designed by Chen-guang et al. [50], DHI
combined with clopidogrel was used to treat ACS. CD62P
and the GP IIb/IIla receptor complexes decreased signifi-
cantly in the combined treatment group (P <0.05), and
inflammatory factors and vascular endothelial function were
improved to some extent. DHI can also interact with aspirin,
and the combination of drugs can inhibit the activity of
aspirin esterase, enhance the antiplatelet effect of aspirin,
increase the serum concentration of salicylic acid, and en-
hance the anti-inflammatory activity of salicylic acid [68].
Network pharmacology studies have also revealed that DHI
can improve aspirin resistance in many ways, such as
through coagulation processes, inflammatory reactions, and
metabolic regulation. DHI and antiplatelet drugs can pro-
mote the antiplatelet effect, and there are no data to prove
that DHI increases the risk of hemorrhage. The benefits and
risks of the interactions and mechanisms of DHI need to be
further explored.

4.4. Sodium Tanshinone IIA Sulfonate Injection. Sodium
tanshinone ITA sulfonate injection (STS) is prepared by the
sulfonation of fat-soluble tanshinone ITA, which is the main
active component of Salvia miltiorrhiza. It dilates the cor-
onary arteries, promotes the scavenging of oxygen free
radicals, improves microcirculation, and protects the
myocardium. Clinically, it is often used in combination with
antiplatelet drugs such as aspirin and clopidogrel in the
treatment of cardiovascular diseases.

Studies in vitro and in vivo have confirmed that the
pharmacological effects of STS include antilipid perox-
idation to prevent MIRI from preventing platelet aggrega-
tion and improving hemorheology [69]. Maione [70]
confirmed that STS can inhibit platelet aggregation induced
by adenosine diphosphate in a dose-dependent manner. In
the rat model of MIRI [71], compared with saline, STS could
significantly decrease the TNI of model mice, and the heart
rhythm of mice in the STS group was more stable, indicating
that STS has a potential therapeutic effect on MIRI. Xiaoli
and Jianjun [51] found that STS could inhibit platelet ac-
tivation in patients with unstable angina. The results showed
that the expression levels of the platelet activation markers
CD63 and PAC-1 in patients treated with STS were sig-
nificantly lower than those in the control group, indicating
that STS can significantly inhibit platelet activation and
function and improve clinical symptoms.

STS is widely used in clinics. In clinical studies [52], STS
combined with DAPT was used to treat ACS patients. It
was found that STS can significantly reduce blood viscosity
and inhibit the level of oxidative stress, and the clinical effect
was better. Tao studied the effect of STS on ACS patients
undergoing PCI. It was found that the plasma viscosity,
whole blood high shear viscosity, and platelet adhesion rate
in the combined treatment group were lower than those in
the control group (P < 0.05), and the postoperative MIRI was
improved to some extent [53].

The study [72] included 484 patients with NSTE-ACS
who were treated with STS combined with DAPT. It was
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found that the combination therapy had better efficacy and
safety. When STS was used in combination with clopidogrel,
it was found that the former could bind to platelet ADP
receptors, inhibit the activity of the ADP receptor, effectively
reduce platelet aggregation, and enhance the antiplatelet
effect of clopidogrel [73].

5. Summary

MIRI is an important sequela affecting the curative effect
after revascularization in patients with ACS. Platelet ag-
gregation or platelet activation is involved in the develop-
ment of MIRI. Antiplatelet therapy with Western medicine,
as the standard treatment after revascularization, can inhibit
platelet aggregation and platelet activation. Many studies
have confirmed its benefit in MIR therapy. At present, as-
pirin combined with P2Y12 receptor antagonists is the main
antiplatelet therapy. With the improvement in research,
there are more P2Y12 receptor antagonists to choose from,
and there are new antiplatelet drugs to supplement DAPT,
but the clinical benefits for MIRI are usually accompanied by
an increase in the risk of bleeding. Some studies also believe
that there is no significant improvement in clinical symp-
toms. TCM preparations, guided by theories such as in-
vigorating blood circulation and eliminating stasis in TCM,
are usually combined with Western antiplatelet therapy in
the clinic, which is more effective clinically than antiplatelet
agents alone, probably through the interaction with anti-
platelet agents, and some studies considered that it does not
increase the risk of bleeding. The combination of TCM and
Western medicine in the treatment of MIRI is promising
with regard to optimizing the antiplatelet treatment regi-
men. Millions of patients currently accept the treatment of
integrative medicine in China, and the effectiveness and
safety of these treatments have been fully verified in the
clinic. Further clinical and basic research is needed to clarify
these mechanisms and the effectiveness and safety of the
drugs.

Conflicts of Interest

All the authors declare no conflicts of interest.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (Grant no. 81803906), Capital’s Funds
for Health Improvement and Research (2020-4-4204), and
the Fundamental Research Funds for the Central Univer-
sities (2019-JYB-TD-008).

References

[1] “Correction to: heart disease and stroke statistics-2017 update:
a report from the American Heart Association,” Circulation,
vol. 136, no. 10, p. 196, 2017.

[2] G. W.Reed, J. E. Rossi, and C. P. Cannon, “Acute myocardial
infarction,” The Lancet, vol. 389, no. 10065, pp. 197-210, 2017.

[3] M. Roffi, C. Patrono, J.-P. Collet et al., “2015 ESC guidelines
for the management of acute coronary syndromes in patients

presenting without persistent ST-segment elevation: task

force for the management of acute coronary syndromes in

patients presenting without persistent ST-segment elevation
of the European Society of Cardiology (ESC),” European

Heart Journal, vol. 37, no. 3, pp. 267-315, 2016.

B. Ibanez, S. James, S. Agewall et al., “2017 ESC guidelines for

the management of acute myocardial infarction in patients

presenting with ST-segment elevation: the task force for the
management of acute myocardial infarction in patients pre-
senting with ST-segment elevation of the European Society of

Cardiology (ESC),” European Heart Journal, vol. 39, no. 2,

pp. 119-177, 2018.

[5] D. J. Hausenloy and D. M. Yellon, “Myocardial ischemia-
reperfusion injury: a neglected therapeutic target,” Journal of
Clinical Investigation, vol. 123, no. 1, pp. 92-100, 2013.

[6] G. Heusch, P. Kleinbongard, D. Bose et al., “Coronary
microembolization: from bedside to bench and back to
bedside,” Circulation, vol. 120, no. 18, pp. 1822-1836, 2009.

[7] M. Ziegler, X. Wang, and K. Peter, “Platelets in cardiac is-
chaemia/reperfusion injury: a promising therapeutic target,”
Cardiovascular Research, vol. 115, no. 7, pp. 1178-1188, 2019.

[8] M. Mauler, N. Herr, C. Schoenichen et al., “Platelet serotonin
aggravates myocardial ischemia/reperfusion injury via neu-
trophil degranulation,” Circulation, vol. 139, no. 7,
pp. 918-931, 2019.

[9] E.-K. Shin, H. Park, J.-Y. Noh, K.-M. Lim, and J.-H. Chung,
“Platelet shape changes and cytoskeleton dynamics as novel
therapeutic targets for anti-thrombotic drugs,” Biomolecules
& Therapeutics, vol. 25, no. 3, pp. 223-230, 2017.

[10] M. Gawaz, “Role of platelets in coronary thrombosis and
reperfusion of ischemic myocardium,” Cardiovascular Re-
search, vol. 61, no. 3, pp. 498-511, 2004.

[11] X. Lian-di, “Superficial view on TCM pathogenesis of myo-
cardial ischemia reperfusion injury,” China Journal of Tra-
ditional Chinese Medicine and Pharmacy, vol. 30, no. 9,
pp. 3139-3141, 2015.

[12] E.J. Topol and J. S. Yadav, “Recognition of the importance of
embolization in atherosclerotic vascular disease,” Circulation,
vol. 101, no. 5, pp. 570-580, 2000.

[13] D. von Elverfeldt, A. Maier, D. Duerschmied et al., “Dual-
contrast molecular imaging allows noninvasive characteriza-
tion of myocardial ischemia/reperfusion injury after coronary
vessel occlusion in mice by magnetic resonance imaging,”
Circulation, vol. 130, no. 8, pp. 676-687, 2014.

[14] Y. Xu, Y. Huo, M.-C. Toufektsian et al., “Activated platelets
contribute importantly to myocardial reperfusion injury,”
American Journal of Physiology-Heart and Circulatory Phys-
iology, vol. 290, no. 2, pp. H692-H699, 2006.

[15] M. Ziegler, K. Alt, B. M. Paterson et al., “Highly sensitive
detection of minimal cardiac ischemia using positron emis-
sion tomography imaging of activated platelets,” Scientific
Reports, vol. 6, no. 1, p. 38161, 2016.

[16] C. Pachel, D. Mathes, A.-P. Arias-Loza et al., “Inhibition of
platelet GPVI protects against myocardial ischemia-reper-
fusion injury,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 36, no. 4, pp. 629-635, 2016.

[17] T. Schonberger, M. Ziegler, O. Borst et al., “The dimeric
platelet collagen receptor GPVI-Fc reduces platelet adhesion
to activated endothelium and preserves myocardial function
after transient ischemia in mice,” American Journal of
Physiology-Cell Physiology, vol. 303, no. 7, pp. C757-C766,
2012.

[18] M.I. Furman, M. R. Barnard, L. A. Krueger et al., “Circulating
monocyte-platelet aggregates are an early marker of acute

[4



[19

(20]

[21

(22

[23

(24]

(25]

(26]

(27]

[28

(29]

(30]

(33]

(34]

myocardial infarction,” Journal of the American College of
Cardiology, vol. 38, no. 4, pp. 1002-1006, 2001.

F. Ren, N. Mu, X. Zhang et al., “Increased platelet-leukocyte
aggregates are associated with myocardial no-reflow in pa-
tients with ST elevation myocardial infarction,” The American
Journal of the Medical Sciences, vol. 352, no. 3, pp. 261-266,
2016.

M. Finsterbusch, W. C. Schrottmaier, J. B. Kral-Pointner,
M. Salzmann, and A. Assinger, “Measuring and interpreting
platelet-leukocyte aggregates,” Platelets, vol. 29, no. 7,
pp. 677-685, 2018.

J. Sarma, C. A. Laan, S. Alam, A. Jha, K. A. A. Fox, and
I. Dransfield, “Increased platelet binding to circulating
monocytes in acute coronary syndromes,” Circulation,
vol. 105, no. 18, pp. 2166-2171, 2002.

D. Kohler, A. Straub, T. Weissmiiller et al., “Phosphorylation
of vasodilator-stimulated phosphoprotein prevents platelet-
neutrophil complex formation and dampens myocardial is-
chemia-reperfusion injury,” Circulation, vol. 123, no. 22,
pp. 2579-2590, 2011.

D. Kohler, S.-I. Bibli, L. P. Klammer et al., “Phosphorylation of
vasodilator-stimulated phosphoprotein contributes to myo-
cardial ischemic preconditioning,” Basic Research in Cardi-
ology, vol. 113, no. 2, p. 11, 2018.

M. T. K. Zaldivia, J. D. McFadyen, B. Lim, X. Wang, and
K. Peter, “Platelet-derived microvesicles in cardiovascular
diseases,” Frontiers in Cardiovascular Medicine, vol. 4, p. 74,
2017.

D. Augustine, L. V. Ayers, E. Lima et al., “Dynamic release and
clearance of circulating microparticles during cardiac stress,”
Circulation Research, vol. 114, no. 1, pp. 109-113, 2014.

I. Russo, C. Penna, T. Musso et al., “Platelets, diabetes and
myocardial ischemia/reperfusion injury,” Cardiovascular
Diabetology, vol. 16, no. 1, p. 71, 2017.

J. A. Barrabés, J. Inserte, M. Mirabet et al., “Antagonism of
P2Y12 or GPIIb/IIIa receptors reduces platelet-mediated
myocardial injury after ischaemia and reperfusion in isolated
rat hearts,” Thrombosis and Haemostasis, vol. 104, no. 1,
pp. 128-135, 2010.

G. Vilahur, M. Gutiérrez, L. Casani et al., “Protective effects of
ticagrelor on myocardial injury after infarction,” Circulation,
vol. 134, no. 22, pp. 1708-1719, 2016.

A. R. Amraotkar, D. D. Song, D. Otero et al., “Platelet count
and mean platelet volume at the time of and after acute
myocardial infarction,” Clinical and Applied Thrombosis/
Hemostasis, vol. 23, no. 8, pp. 1052-1059, 2017.

P. M. van der Zee, E. Biro, Y. Ko et al., “P-selectin- and CD63-
exposing platelet microparticles reflect platelet activation in
peripheral arterial disease and myocardial infarction,” Clinical
Chemistry, vol. 52, no. 4, pp. 657-664, 2006.

S. Goto, H. Sakai, M. Goto et al., “Enhanced shear-induced
platelet aggregation in acute myocardial infarction,” Circu-
lation, vol. 99, no. 5, pp. 608-613, 1999.

W. S. Weintraub, E. M. Mahoney, A. Lamy et al., “Long-term
cost-effectiveness of clopidogrel given for up to one year in
patients with acute coronary syndromes without ST-segment
elevation,” Journal of the American College of Cardiology,
vol. 45, no. 6, pp. 838-845, 2005.

Z. M. Chen, “Addition of clopidogrel to aspirin in 45,852
patients with acute myocardial infarction: randomised pla-
cebo-controlled trial,” The Lancet, vol. 366, no. 9497,
pp. 1607-1621, 2005.

S. U. Khan, M. Singh, S. Valavoor et al., “Dual antiplatelet
therapy after percutaneous coronary intervention and drug-

Evidence-Based Complementary and Alternative Medicine

[35

[36

(37

(38

(39

[40

(41

(42

[43

(44

[45

(46

(47

(48

]

]

]

]

J

J

J

]

]

]

eluting stents: a systematic review and network meta-analy-
sis,” Circulation, vol. 142, no. 15, pp. 1425-1436, 2020.

L. Wallentin, R. C. Becker, A. Budaj et al., “Ticagrelor versus
clopidogrel in patients with acute coronary syndromes,” New
England Journal of Medicine, vol. 361, no. 11, pp. 1045-1057,
2009.

S. D. Wiviott, E. Braunwald, C. H. McCabe et al., “Prasugrel
versus clopidogrel in patients with acute coronary syn-
dromes,” New England Journal of Medicine, vol. 357, no. 20,
pp. 2001-2015, 2007.

D. Alexopoulos, K. Katogiannis, D. Sfantou, and J. Lekakis,
“Combination antiplatelet treatment in coronary artery dis-
ease patients: a necessary evil or an overzealous practice?”
Platelets, vol. 29, no. 3, pp. 228-237, 2018.

D. Tschoepe, P. Roesen, L. Kaufmann et al., “Evidence for
abnormal platelet glycoprotein expression in diabetes melli-
tus,” European Journal of Clinical Investigation, vol. 20, no. 2,
pp. 166-170, 1990.

S. U. Khan, I. B. Riaz, H. Rahman et al., “Meta-analysis of
duration of dual antiplatelet therapy in patients with acute
coronary syndrome after percutaneous coronary interven-
tion,” European Journal of Preventive Cardiology, vol. 26,
no. 4, pp. 429-432, 2019.

C.Li, Q. Li, J. Xu et al., “The efficacy and safety of compound
Danshen dripping pill combined with percutaneous coronary
intervention for coronary heart disease,” Evidence-Based
Complementary and Alternative Medicine, vol. 2020, Article
ID 5067137, 15 pages, 2020.

T. Wang, “Efficacy and safety of compound Danshen dripping
pills combined with aspirin in the treatment of coronary heart
disease: a meta analysis,” Chinese Journal of Integrative
Medicine on Cardio-Cerebrovascular Disease, vol. 19, no. 4,
pp. 533-539, 2021.

Z. X. Yan, “Effect of compound Danshen dripping pills on
myocardial microcirculation in patients without reflow after
PCI,” Guangming Journal of Chinese Medicine, vol. 34, no. 23,
pp. 3613-3615, 2019.

L. Wei, Z. Kun, and Y. Zheng, “Effect of bivalirudin combined
with compound Danshen dripping pill on cardiac function
and the levels of reninase and Ang-2 after coronary inter-
vention in acute myocardial infarction,” Chinese Journal of
Clinical Research, vol. 34, no. 3, pp. 304-308, 2021.

H. Tsai, Z. H. Yao, and Grohe, “Effect of combined Danshen
dripping pill and clopidogrel tablets on platelet function in
patients with unstable angina,” Journal of Traditional Chinese
Medicine, vol. 54, no. 6, pp. 500-502, 2013.

T.Y.Bo and Y. H. Hui, “Effect of naoxintong on HS CRP and
myocardial markers in patients with coronary heart disease
undergoing elective PCL” Chinese Journal of Integrative
Medicine on Cardio-Cerebrovascular Disease, vol. 13, no. 12,
pp. 1431-1432, 2015.

D.-k. Chen, H.-q. Zhang, and J.-h. Zhang, “Intervening effect
of naoxintong on anti-platelet treatment with aspirin,” Chi-
nese Journal of Integrated Traditional and Western Medicine,
vol. 28, no. 9, pp. 843-846, 2008.

X. Ming, H. Gang, and L. yuesen, “Effect of naoxintong
capsule combined with clopidogrel on platelet aggregation
rate in patients with acute coronary syndrome,” Liaoning
Journal of Traditional Chinese Medicine, vol. 41, no. 12,
pp. 2619-2621, 2014

D. R. Lenggin and L. Yinghong, “Influence of Danhong in-
jection on the microcirculation state related indexes of pa-
tients with myocardial infarction,” Journal of Clinical
Medicine in Practice, vol. 21, no. 3, pp. 6-8, 2017.



Evidence-Based Complementary and Alternative Medicine

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

Y. Qi, “Clinical study on the effect of Danhong Injection on
myocardial infarction size during perioperative period of
emergency PCI by cardiac magnetic resonance imaging,”
Chinese Journal of Integrative Medicine on Cardio-Cerebro-
vascular Disease, vol. 17, no. 1, pp. 28-33, 2019.

Z. Chen-guang, Z. Xin-ling, and Z. Ying, “Effect of DanHong
injection combined with clopidogrel hydrogen sulphate
tablets on the serum inflammatory factors, platelet activation
and vascular endothelium function,” Journal of Hainan
Medical University, vol. 23, no. 7, pp. 894-897, 2017.

Y. Xiaoli and M. Jianjun, “The clinical effects of hematoblastic
activation function for the patients with coronary heart
disease unstable angina blood stasis by sulfotanshinone so-
dium injection,” Journal of Hunan Normal University
(Medical Sciences), vol. 11, no. 3, pp. 76-78, 2014.

L. Y. Qing, “Mid term follow-up study of sodium tanshinone
IIA sulfonate injection combined with aspirin and clopidogrel
in the treatment of 66 patients with acute coronary syn-
drome,” Heilongjiang Journal of Traditional Chinese Medicine,
vol. 48, no. 3, pp. 55-56, 2019.

T. Tao, “Impact of sodium tanshinone II A sulfonate on
postoperative acute coronary syndrome patients treated by
percutaneous coronary intervention,” Practical Journal of
Cardiac Cerebral Pneumal and Vascular Disease, vol. 27, no. 9,
pp. 77-81, 2019.

Z. Yue, “The research progress of pharmacology and meta-
bolism of compound Danshen dripping pills,” Chinese Journal
of Clinical Rational Drug Use, vol. 11, no. 3, pp. 162-163, 2018.
C. Chen, N. Venketasubramanian, R. N. Gan et al., “Dangqi
Piantang Jiaonang (DJ), a traditional Chinese medicine, in
poststroke recovery,” Stroke, vol. 40, no. 3, pp. 859-863, 2009.
Y. Wang, X. Yan, S. Mi et al., “Naoxintong attenuates is-
chaemia/reperfusion injury through inhibiting NLRP3
inflammasome activation,” Journal of Cellular and Molecular
Medicine, vol. 21, no. 1, pp. 4-12, 2017.

Y. Xing-yu, “Effect of naoxintong capsule on platelet aggre-
gation and coagulation function in rats with myocardial is-
chemia,” The Chinese Journal of Clinical Pharmacology,
vol. 34, no. 15, pp. 1835-1838, 2018.

W. Huan, “Chinese herbal medicine naoxintong capsule
combined with dual antiplatelet therapy in a rat model of
coronary microembolization induced by homologous
microthrombi,” Journal of Integrative Medicine, vol. 9, no. 1,
pp. 38-48, 2011.

A. R. Shuldiner, “Association of cytochrome P450 2C19 ge-
notype with the antiplatelet effect and clinical efficacy of
clopidogrel therapy,” JAMA, vol. 302, no. 8, pp. 849-857,
2009.

J.-P. Collet, J.-S. Hulot, A. Pena et al., “Cytochrome P450
2C19 polymorphism in young patients treated with clopi-
dogrel after myocardial infarction: a cohort study,” The
Lancet, vol. 373, no. 9660, pp. 309-317, 2009.

H. Chen, “Comparison of adjunctive naoxintong versus
clopidogrel in volunteers with the CYP2C19+2 gene mutation
accompanied with qi deficiency and blood stasis constitu-
tion,” Evidence-Based Complementary and Alternative Med-
icine, vol. 2011, Article ID 207034, 10 pages, 2011.

W. Jie, “Overview on the clinical efficacy and action mech-
anism of naoxintong capsules in the treatment of coronary
heart disease,” Journal of Traditional Chinese Medicine,
vol. 61, no. 9, pp. 814-817, 2020.

J. R. Wu, X. M. Zhang, and B. Zhang, “Danhong injection in
the treatment of acute coronary syndrome: a systematic

(64]

(65]

(6]

(67]

(68

(69]

(70]

(71]

(72]

(73]

review and meta-analysis,” The American Journal of Chinese
Medicine, vol. 43, no. 2, pp. 199-214, 2015.

Z. Dan, Study on the Pharmacodynamic Material Basis of
Danhong Injection in the Treatment of Myocardial Ischemia/
Reperfusion Injury in Rats by Pharmacodynamic Differential
Serum Chromatography, PLA Air Force Medical University,
Beijing, China, 2013.

F. Ying, H. Juan, and L. Lu, “Study on anticoagulation of
Danhong injection on lab animal,” World Chinese Medicine,
no. 6, pp. 367-369, 2007.

A. Sabri, J. Guo, H. Elouardighi, A. L. Darrow, P. Andrade-
Gordon, and S. F. Steinberg, “Mechanisms of protease-activated
receptor-4 actions in cardiomyocytes. Role of Src tyrosine ki-
nase,” Journal of Biological Chemistry, vol. 278, no. 13,
pp. 11714-11720, 2003.

F. Changgeng, “Chinese experts consensus on application of
Danhong injection,” Chinese Journal of Integrated Traditional
and Western Medicine, vol. 38, no. 4, pp. 389-397, 2018.

L. J. Ping, Characteristics and Mechanism of Interaction be-
tween Danhong Injection and Aspirin, Nanjing University of
traditional Chinese Medicine, Nanjing, China, 2017.

W. Li, “Research progress of pharmacological effect and
mechanism of tanshinone II: a on coronary heart disease,”
Chinese Journal of Clinical Pharmacy, vol. 26, no. 2,
pp. 143-146, 2017.

F. Maione, V. De Feo, E. Caiazzo, L. De Martino, C. Cicala,
and N. Mascolo, “Tanshinone IIA, a major component of
Salvia milthorriza Bunge, inhibits platelet activation via Erk-2
signaling pathway,” Journal of Ethnopharmacology, vol. 155,
no. 2, pp. 1236-1242, 2014.

R. Guo and G. Li, “Tanshinone modulates the expression of
Bcl-2 and Bax in cardiomyocytes and has a protective effect in
a rat model of myocardial ischemia-reperfusion,” Hellenic
Journal of Cardiology, vol. 59, no. 6, pp. 323-328, 2018.

H. Luo, X. Li, T. Li et al, “microRNA-423-3p exosomes
derived from cardiac fibroblasts mediates the cardioprotective
effects of ischaemic post-conditioning,” Cardiovascular Re-
search, vol. 115, no. 7, pp. 1189-1204, 2019.

F. Maione, V. Cantone, M. G. Chini, V. De Feo, N. Mascolo,
and G. Bifulco, “Molecular mechanism of tanshinone IIA and
cryptotanshinone in platelet anti-aggregating effects: an in-
tegrated study of pharmacology and computational analysis,”
Fitoterapia, vol. 100, pp. 174-178, 2015.



