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Abstract: Myocardial ischemia-reperfusion injury (MIRI) is a complicated pathologic process that involves multiple 
factors including oxidative stress (free radical damage), inflammatory response, calcium overloading, and apopto-
sis in cardiomyocytes. According to Traditional Chinese Medicine (TCM), MIRI belongs to the categories of “chest 
numbness”, “palpitations” and “angina pectoris”. Present data indicate that the application of TCM in myocardial 
ischemia-reperfusion injury is promising and continues to attract research attention. While the efficacy of Chinese 
herbal medicine has been well-proven, the underlying molecular mechanisms remain elusive. The common proven 
mechanisms of Chinese herbal medicine in the treatment of MIRI include regulating lipid metabolism, protecting 
mitochondria, and improving energy metabolism, attenuating calcium (Ca2+) overload, scavenging oxygen free radi-
cals, inhibiting apoptosis, and reducing autophagy. Others are the regulation of inflammatory cytokine expressions 
and healing of inflammatory lesions, modulation of cell signaling pathways, improvement of endothelial cell func-
tion, and protection of myocardial cells. In this review, we highlight recent studies that focus on elucidating these 
molecular mechanisms and the therapeutic effects of natural compounds deriving from TCM in MIRI, to ascertain 
the research progress made and the prospects in this field.

Keywords: Myocardial ischemia-reperfusion injury, traditional Chinese medicine therapy, ingredients of traditional 
Chinese medicine, compound Chinese medicine

Introduction

In the last 10 years, the improvement of peo-
ple’s living standards and the acceleration of 
population aging have also increased the  
prevalence of cardiovascular disease in China, 
where rural cardiovascular disease mortality 
has been more than urban mortality [1, 2].  
With the occurrence of Percutaneous Translu- 
minal Coronary Angioplasty (PTCA), Percutane- 
ous Transluminal Coronary Intervention (PCI) 
interventional therapy, intravenous thromboly-
sis, and coronary artery bypass graft, a series 
of phenomena, such as increased myocardial 
infarction area, arrhythmia, and persistent low 

ventricular systolic function may occur while 
rapidly restoring coronary blood flow and sav- 
ing dying heart muscle at the same time [3]. 
Therefore, reperfusion therapy is also a “dou-
ble-edged sword”, which has become the main 
problem of preventing the ischemic myocardi-
um from obtaining the best efficacy from reper-
fusion therapy. In this phenomenon, cellular 
metabolic dysfunction, tissue structural injury, 
and even irreversible injury occur after the res-
toration of blood supply on the basis of myocar-
dial ischemia is called myocardial ischemia-
reperfusion injury (MIRI). This kind of injury can 
induce myocardial cell apoptosis, myocardial 
damage, no re-flow phenomenon, and micro-

http://www.ajtr.org


Natural products for myocardial injury

1953 Am J Transl Res 2022;14(3):1952-1968

vascular endothelial injury, which directly affect 
the prognosis of patients and greatly increase 
the follow-up cost of patients.

MIRI mechanisms are complicated and mainly 
related to inflammation, intracellular Ca2+ over-
load, oxygen-free radicals (OFR), neutrophil in- 
filtration, energy metabolic disorders, vascular 
endothelial cell dysfunction, and myocardial 
cell apoptosis. These events cause damage to 
the myocardial intima, and induce abnormal 
mitochondrial metabolism, formation of intima 
plaque, and ventricular remodeling, resulting in 
the increased myocardial ischemic infarct area 
and reduced cardiac function [4]. Clinical treat-
ment is mainly focused on inhibiting oxidative 
stress, inflammatory response, calcium over-
load, and apoptosis damage to improve body 
metabolism [5]. Due to the holistic treatment 
concept and advantages of multi-target, multi-
link, and multi-approach, TCM has been widely 
valued in recent years. Several animal experi-
ments and clinical studies have demonstrated 
that TCM can inhibit myocardial injury caused 
by ischemia-reperfusion.

Based on the latest research progress, this 
paper discusses the intervention of TCM and 
its main components on MIRI from the per- 
spectives of single Chinese herbal extracts 
effects on apoptosis, necroptosis, autophagy, 
and pyroptosis, as well as treatment with 
Chinese herbal compound, providing docu-
mented evidence and prospects for the pre- 
vention and treatment of MIRI.

Etiology, pathogenesis, and dialectical type of 
MIRI

Although there is no direct classification of MIRI 
in TCM, considering that its lesion is located in 
the heart and its clinical manifestations are 
chest pain, chest tightness, breath shortness, 
fatigue, and sense of weakness, the disease 
therefore belongs to the category of “Chest 
Obstruction”, “Palpitation” and “True Heart 
Pain” in TCM. Associated knowledge has been 
recorded in the Yellow Emperor’s Canon of 
Medicine written two thousand years ago. For 
example, in Chapter 22 of Plain Conversation: 
Discussion on the Association of the Zang-Qi 
with the Four Seasons, Qibo replied that heart 
disease is characterized by pain in the chest, 
distending hypochondriac fullness, hypochon-
driac pain, pain involving the chest, back, and 

scapula as well as the pain of the medial sides 
of the arms [6]. Chapter 20 of Spiritual Pivot: 
Five Pathogen recorded that if the pathogen is 
in the heart, then the disease would be mani-
fested by heart pain.

Etiology and pathogenesis of MIRI

The TCM discussions on the etiology and pa- 
thogenesis of MIRI are widely recorded. Zhang 
Zhongjing, known as the medical sage, has 
recorded in his work Synopsis of Prescriptions 
of the Golden Chamber: Chapter 9-On Pulse, 
Symptom Complex and Treatment of Chest 
Obstruction, Heart Pain and Shortness of 
Breath that Chest Obstruction syndrome has 
the symptoms and signs of panting, coughing, 
spitting, shortness of breath, and pain in the 
chest and back. The pulse is deep and slow in 
the Inch and slender-tense-speedy in the Bar 

[7]. Here, Zhang illustrated the pathogenesis 
according to the change of pulse condition. The 
Plain Conversation: Chapter 43-Discussion on 
Obstructive Syndrome states that Obstructive 
Syndrome of the heart leads to obstruction of 
the channels, dysphoria, throb of the heart, 
sudden panting, dry throat, eructation, and fear 
due to adverse flow of Qi [6]. The Com- 
prehensive Recording of Divine Assistance: 
Chapter 55-Heart Pain indicates that Heart 
pain is caused by the pathogen retention in the 
pericardium channel of Hand-Jueyin and it is 
either caused by improper diet or wind attack, 
with the pathogen retained in the deficient 
Zang viscera and the channel blocked, thus 
resulting in the pain. In the Prescriptions for 
Succouring the Sick, it is recorded that 
Palpitation indicates heart blood insufficiency. 
Danxi’s experiential therapy has also proposed 
that Asthenia and phlegm are the cause of  
palpitation. Moreover, Correction on errors in 
medical classics: Palpitation states that inter-
nal retention of blood stasis is related to the 
occurrence of MIRI.

In summary, the pathogenesis of MIRI falls into 
the category of heart vessel obstruction, where 
the pain is either caused by obstruction or mal-
nourishment. The characteristics of the dis-
ease follow the pattern of deficiency in origin 
and enrichment in symptom, with the Yang-Qi 
deficiency in the heart, spleen, and kidney as 
the original cause, the cold stagnation, blood 
stasis, and turbid phlegm as the superficial 
cause and the mixture of phlegm and stasis as 
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the direct cause. After a patient experiences 
myocardial infarction, Yang-Qi suffers great 
loss, causing the generation of Yin cold and 
blood stasis inside the body, eventually result-
ing in the mixture of phlegm and stasis. After 
the reperfusion injury, massive amounts of 
blood flow into the ischemic area in a very  
short time, Yang-Qi suddenly gets recovered, 
causing the syndrome of predominant yin 
rejecting Yang. The stagnation and obstruction 
of phlegm and stasis impair the cardiac muscle 
and result in a no-reflow phenomenon.

Dialectical type of MIRI

In Subtle Meaning of the Jade Swivel: Heart 
Pain, it is indicated that for patients who suf-
fered enduring illness and has deficiency on Qi 
and blood, or those who are weak and fragile 
due to hard labor, their heart pain is deficient 
pain and the Treatment of Different Kinds of 
Diseases: Chest Obstruction also states that 
Where Yang Qi in the chest is weak. Yin Qi will 
dominate the chest and cause chest obstruc-
tion. In addition, an Essay on medical reading 
records that Blood stasis is generated by the 
fact that deficient Qi fails to promote blood cir-
culation. According to these written records 
and clinical manifestations of MIRI, the dia- 
lectical type of MIRI can be categorized as Qi 
and blood deficiency syndrome, Qi stagnation 
and blood stasis syndrome, turbid phlegm 
obstruction syndrome, and Qi-Yin deficiency 
syndrome.

The TCM treatment principle of MIRI

During an acute attack period of MIRI, the 
patient is dominated by enrichment of symp-
toms, and during the remission period, the 
patient is dominated by deficiency. Therefore, 
when treating MIRI patients, the primary prin-
ciple is to first cure the symptom, then to treat 
the deficiency; or to treat the two causes at  
the same time according to the priority of defi-
ciency, excess, symptom, and origin (of the dis-
ease). Excess requires purgation, while defi-
ciency requires tonification, a basic treatment 
principle in TCM. Excess requiring purgation 
refers to the regulation of Qi movement, pro- 
motion of blood circulation, and the removal of 
blood stasis, as well as the elimination of turbid 
phlegm. Deficiency requiring tonification refers 
to the balance of Qi, Blood, Yin, and Yang, and 
the correction on zang-fu viscera. Specific treat-

ment methods include Qi nourishment and 
Yang-warming, Yin nourishment and kidney 
tonification, and complement on heart Qi. TCM 
has many treatment target points that could 
provide new clinical exploratory grounds for 
preventing and treating MIRI. Therefore, using 
the modern medical understanding of MIRI to 
select the corresponding TCM therapy for the 
patient will significantly improve the patient’s 
recovery rate and living quality.

Advances in the treatment with single Chinese 
herbal extracts

Exploration of prevention and treatment of 
MIRI by apoptosis

Under certain pathologic conditions, apoptosis 
refers to orderly cell death induced by certain 
genes to balance cell development and homeo-
stasis [8]. Apoptosis pathways mainly include 
exogenous apoptosis pathway, endogenous 
mitochondrial pathway, and endogenous endo-
plasmic reticulum pathway regulated by death 
receptors [9]. Apoptosis is controlled by a vari-
ety of genes, such as the caspase family, 
B-lymphocytoma-2 gene (Bcl-2) family, and 
tumor suppressor gene P53 [10]. Various gene 
families and signal pathways cross each other 
and lead to apoptosis directly or indirectly. At 
the present, many studies have shown that 
apoptosis plays a very important role in MIRI. 
Meanwhile, the severity of MIRI is mainly de- 
termined by the number of apoptotic cells. 
Therefore, inhibition of apoptosis-related genes 
or interruption of the apoptotic pathway can 
reduce MIRI, as shown in Figure 1A.

Luteolin (3’,4’,5’,7’-tetrahydroxyflavone, Lu) is a 
natural, soluble flavone that is found in high  
levels in many herbs. A study found that Lu 
enhanced Sarco/endoplasmic reticulum Ca2+-
ATPase-a (SERCA2a) activity to improve systol-
ic/diastolic function during MIRI in rat hearts 
and cardiomyocytes by attenuating the inhibi-
tion effects of the p38 pathway on phospho- 
protein phosphorylation (p-PLB) [11]. Another 
study found that Lu regulated SERCA2a th- 
rough SUMOylation at lysine 585 to attenuate 
MIRI [12]. Moreover, recent research showed 
that Lu pretreatment improved SERCA2a ex- 
pression by the upregulation of Sp1 to exert 
myocardial protective effects [13].

Danshen, the dried root of Salvia miltiorrhiza 
Bunge, is a Chinese medicinal herb. Salvianolic 
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acid B (Sal B) is an active water-soluble com-
pound that can be isolated from S. miltiorrhiza 
Bunge. A study found that Sal B ameliorated 
MIRI in a dose-dependent manner, ameliorat- 
ed cardiac function, reduced myocardial infarc-
tion size, decreased myocardial injury marker 
expression, decreased inflammatory respons-
es, reduced apoptosis, activated the phospho- 
inositide-3-kinase (PI3K)/Akt signaling path-
way, and inhibited the release of high mobility 
group box 1 (HMGB1) in rats [14]. In addition, 
Tanshinone IIA (TSA) is the major active com-
pound present in the root extracts of Salvia 
miltiorrhiza Bunge. A study found that TSA ex- 
erted the protective role against MIRI-induced 
apoptosis, oxidation, and mitochondrial mem-
brane potential (MMP) loss of cardiomyocytes 
by regulating AK003290 and miR-124-5p sig-

naling [15]. In another study, TSA activated 
silent information regulator 1 (SIRT1)-PGC1α 
signaling pathway to rescue mitochondrial func-
tion, block cardiac microvascular endothelial 
cell (CMEC) apoptosis, and preserve microvas-
cular structure and function. This happens to 
be the first study to show the beneficial role of 
TSA in microvascular injury [16].

Astragalus membranaceus is a widely used 
Chinese herbal medicine. Astragaloside IV (As-
IV) is one of the important effective chemical 
constituents of this herb. Studies show that 
As-IV can alleviate MIRI in rats. The possible 
mechanism is related to its increased phos-
phorylation of PI3K/AKT and glycogen synthase 
kinase 3 beta (GSK-3β) protein, and activation 
of the PI3K/AKT/GSK-3β signaling pathway 

Figure 1. Main regulatory mechanisms of apoptosis and necroptosis in MIRI. The exogenous and endogenous path-
ways of apoptosis are regulated by death receptors as shown in (A). The link of RIP1 to apoptosis and necroptosis is 
illustrated in (B). PI3K: phosphoinositide-3-kinase; Akt: protein kinase B; NF-κB: nuclear factor kappa B; JAK2: Janus 
Kinase 2; STAT3: signal transducer and activator of transcription 3; ATF6: activating transcription factor 6; MAPK: 
mitogen-activated protein kinase; PERK: (PKR)-like ER kinase; Bcl-2: B-lymphocytoma-2 gene; Bax: Bcl2 associated 
X protein; MPTP: mitochondrial permeability transition pore; ERS: ER Stress; RIP1: receptor-interacting protein ki-
nase 1; RIP3: receptor-interacting protein kinase 3; MLKL: mixed lineage kinase domain-like protein.
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[17]. A study demonstrated for the first time 
that the protective effect of As-IV against MIRI 
was related to inhibition of the calcium-sensing 
receptor (CaSR)/ERK1/2 (extracellular signal-
regulated kinase 1/2) axis and related apop-
totic signaling pathways [18]. A similar study 
found that AS-IV could attenuate MIRI in hu- 
man cardiomyocytes by the miR-101a/TGFBR1 
(TGFβ type 1 receptor)/TLR2 (toll-like receptor 
2)/MAPK (mitogen-activated protein kinase) 
signaling pathway [19].

Baicalin is a flavonoid active substance derived 
from the roots of Scutellaria baicalensis Georgi 
(Lamiaceae). It is reported that the protective 
role of baicalin on MIRI, was shown to be medi-
ated through the Janus kinases/signal trans-
ducer and activator of transcription proteins 
(JAK/STAT) pathway. In addition, baicalin allevi-
ated myocardial injury, inhibited apoptosis fol-
lowing MIRI, and dampened myocardial inflam-
mation response through switching the polar-
ization of macrophages from M1 to M2 [20]. A 
similar study showed that baicalin downregu-
lates protein expression of CaSR, but upregu-
lates the protein expression of ERK1/2. There- 
fore, baicalin probably attenuates MIRI through 
the modulation of the CaSR/ERK1/2 signaling 
pathway [21].

Ginsenosides are isolated from Asian ginseng 
(Panax ginseng), a traditional herbal medicine 
frequently used in eastern countries. Ginseno- 
side Rb1, Rb2, Rb3 are the main active com-
pounds in the stem, leaves, and root of gin-
seng. A study showed that Rb1 binds directly to 
RhoA, inactivating the RhoA/ROCK1 signaling 
pathway to reduce apoptosis and prevent MIRI 
[22]. Similarly, Rb2 alleviated MIRI in rats by 
inhibiting oxidative stress and inflammatory 
response through SIRT1 activation [23].

In addition, several other researchers have re- 
ported the promising therapeutic effects of 
other TCM and their main components, where 
they significantly reduce the degree of MIRI by 
inhibiting myocardial cell apoptosis, as shown 
in Table 1 [24-33].

Exploration of prevention and treatment of 
MIRI by necroptosis

Alexei Degterev, an associate professor of 
developmental, molecular, and chemical biolo-
gy, discovered a new form of cell death with a 

similar signal mechanism to apoptotic cells  
and morphologic characteristics of necrotic 
cells in 2005 and named it necroptosis [34]. 
The activation of necroptosis depends on the 
activity of receptor-interacting protein 3 (RIP3). 
RIP3 interacts with receptor-interacting protein 
1 (RIP1) to produce necrosomes which phos-
phorylate mixed lineage kinase domain-like 
protein (MLKL) and translocate it to cellular 
membranes, leading to the plasma membrane 
damage, cell content overflow, and conse-
quently causing inflammation and triggering 
the immune system [35]. Studies have shown 
that necroptosis plays an important role in MIRI 
[36], as shown in Figure 1B.

Tanshinone I (TI), a fat-soluble compound, is a 
major ingredient in Danshen. A study indicated 
that TI exerts cardiovascular protective activi-
ties in vitro and in vivo through suppressing the 
RIP1/RIP3/MLKL axis and activating the Akt/
Nrf2 (nuclear factor erythroid 2 related factors 
2) signaling pathways [37].

Baicalin is one of the predominant flavonoids 
isolated from the dry roots of Scutellaria 
baicalensis Georgi. It is reported that Baicalin 
mitigates necroptosis by inhibiting the protein 
expression of RIP1, RIP3, and p-MLKL and pro-
tects CMECs in MIRI rats by promoting the 
release of nitric oxide (NO) through the PI3K-
AKT-eNOS pathway [38].

Exploration of prevention and treatment of 
MIRI by autophagy

Autophagy refers to the process in which cells 
actively degrade their over-accumulated and 
misfolded proteins, undergo functional decline, 
senescence, and damage of organelles, caus-
ing recycling of the generated materials and 
energy by the lysosomal pathway [39]. Auto- 
phagy is mainly divided into molecular chaper-
one-mediated autophagy, small autophagy, 
and large autophagy. Large autophagy is com-
monly referred to as autophagy and the auto- 
phagy process can be divided into four stages: 
induction of autophagy, formation of autopha-
gosomes, formation of autophagolysosomes, 
and degradation and reuse of autophagolyso-
some [40]. Currently, studies have shown that 
autophagy has a two-way adjustment function. 
At the initial stage of MIRI, cardiomyocytes are 
subjected to a state of ischemia and hypoxia. 
Autophagy induces adenosine triphosphate 
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Table 1. Summary of TCM treatment of MIRI by effects on apoptosis in the past five years

Type TCM name Active  
constituent Experimental model Related  

pathways Efficacies and mechanisms References

Apoptosis Luteolin (Lu) Flavonoid  
compound

Ischemia/reperfusion (I/R) p38 MAPK 
pathway

Promoted p-PLB, enhanced the activity and stability  
of SERCA2a via lysine 585 and Sp1, and relieved calcium 
overload to promote the recovery of the Δψm.

[11-13]

S. miltiorrhiza Bunge, 
Danshen

Salvianolic acid B 
(Sal B)

Myocardial ischaemic- 
reperfusion (I/R) 

PI3K/Akt/HMGB1 
signaling pathway

Reduced TNF-α, IL-18, IL-1β, HMGB1, and TLR4, and  
increased Bcl-2 while decreasing Bax.

[14]

Salvia miltiorrhiza Bunge Tanshinone IIA 
(TSA)

I/R model AK003290 and 
miR-124-5p 
signaling

Decreased the amount of LDH, MDA, ROS, elevated MMP, 
and miR-124-5p directly targeted AK003290, and up-
regulated the expression of AK00329.

[15]

Danshen Tanshinone IIA 
(Tan IIA)

Cardiac microvascular endothe-
lial cells isolation and hypoxia/
reoxygenation (HR) model in vitro

SIRT1/PGC1α 
pathway

Activated SIRT1 to sustain the mitochondrial potential,  
reduced the mPTP opening, benefited the CMEC survival, 
and preserved microvascular structure and function.

[16]

Astragalus  
membranaceus

astragaloside IV 
(As-IV)

MIRI model of SD rats PI3K/AKT/ 
GSK-3β signaling 
pathways

Increased the left ventricular systolic pressure, fractional 
shortening, and ejection fraction, decreased the left  
ventricular end-diastolic pressure, decreased the serum 
LDH, CK levels, the HW/BW ratio, and myocardial infarct size, 
increased the p-Akt/Akt ratio and pGSK-3β/GSK-3β ratio.

[17]

A hypoxia/reoxygenation (H/R) 
model in vitro; an SD rat MI/R 
model in vivo

CaSR/ERK1/2 
signaling  
pathways

Decreased LDH, Ca2+ and CaSR expression, and increased 
the ERK1/2 phosphorylation levels in vitro. Decreased the 
myocardium infarct size, CK-MB, and cTnI levels in vivo.

[18]

H9c2 cardiomyocytes hypoxia/
reoxygenation (H/R) cell model

miR-101a/
TGFBR1/TLR2/
MAPK signaling 
pathway axis

Promoted SOD activity and the expression level of miR-101a, 
decreased MDA, LDH, TGFBR1, and TLR2, suppressed 
p-ERK and p-p38, decreased Bax/Bcl-2 ratio, and cleaved 
caspase-3/caspase-3 ratio.

[19]

Scutellaria baicalensis 
Georgi (Lamiaceae)

Baicalin, a 
flavonoid active 
substance

an ischemia/reperfusion (I/R) 
model 

JAK/STAT pathway Decreased iNOS, IL-1β, and IL-6, up-regulated Arg-1, IL-10, 
and TGF-β, and inhibited the phosphorylation levels of JAK2 
and STAT3.

[20]

SD rats’ heart and myocardial 
cells I/R model

CaSR/ERK1/2  
signaling pathway

Improved LV hemodynamic parameters, down-regulated the 
protein expression of CaSR, and up-regulated the protein 
expression of ERK1/2.

[21]

Ginsenosides Ginsenoside Rb1 
(Rb1) 

I/R model RhoA/ROCK1  
signaling pathway

Reduced damaged myocardial structure,  
increased myocardial blood flow, improved heart function, 
and microcirculation, reduced cTnI, inhibited the activation of 
RhoA, and restored the production of ATP.

[22]

Ginsenosides Rb2 Myocardial ischemia/reperfusion 
(MI/R) model

SIRT1 signaling 
pathway

Reduced myocardial superoxide generation, downregulated 
gp91phox expression, decreased the mRNA of IL-1β, IL-6, 
and TNF-α, upregulated SIRT1 expression and  
downregulated Ac-p53 expression.

[23]

Ginkgo biloba leaves Ginkgolide B,  
a flavonoid 
monomer

Myocardial I/R model PI3K/AKT/mTOR 
signaling pathway

Suppressed TNI, TNT, LDH, and Mb and ameliorated the 
damaged and irregularly arranged myocardial cells,  
suppressed the expression levels of p-PERK, p-IRE1α, and 
ATF6, and upregulated p-AKT and p-mTOR expressions.

[24]
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Dihydroquercetin (DHQ) A dihydroxyflavone Isolated rat hearts and H9c2 
cardiomyocytes model

PI3K/Akt pathway Alleviated cardiac dysfunction, scavenged  
free radicals, reduced lipid peroxidation, increased the 
activity of antioxidant enzymes, inhibited the expression of 
CHOP, Caspase-12, and p-JNK, reduced GRP78, p-PERK, and 
p-eif2α expression levels, and increased HO-1 expression 
and Nrf2 binding to antioxidant response elements.

[25]

Curculigo orchioides 
Gaertn 

Curculigoside, a 
phenolic glycoside 
antioxidant

H9c2 cells hypoxia/ 
reoxygenation (H/R) model

 MPTP opening Improved cell viability, reduced the infarct size, inhibited 
MPTP opening and preserved ΔΨm, decreased LDH activity, 
the expression of cytochrome c, apoptotic protease activating 
factor-1, and cleaved caspase-9 and cleaved caspase-3.

[26]

Ganoderma lucidum Ganoderic acid 
A (GA) 

MIR rat model JAK2/STAT3/NF-
κB pathway

Reduced the myocardial infarction extension, decreased 
LDH, CK, the phosphorylation of JAK2, STAT3, and NF-κB.

[27]

Epimedium brevicornum Icariin (ICA), a 
flavonoid

Isolated rat hearts and neonatal 
rat cardiomyocytes and H9c2 
cells model

SIRT1/FoxO1 
signaling

Improved heart contraction and limited the infarct size and 
CK-MB and LDH leakage, decreased MDA, increased SOD 
activity, MnSOD expression, mitochondrial membrane  
potential and cytochrome C stabilization, up-regulated SIRT1 
and down-regulated Ac-FoxO1.

[28]

The roots of Sophora flave-
scens (Kushen), Sophora 
tonkinensis, and Sophora 
alopecuroides (Kudouzi) 

Matrine, a  
quinolizidine 
alkaloid

Hypoxia/reoxygenation (H/R) of 
CMECs in rats’ model

JAK2/STAT3  
signaling pathway

Increased cell viability, cell ratio at the S phase, expression 
levels of p-JAK2 and p-STAT3, increased tube formation  
ability and decreased the ratio of cells at the G1 phase and 
Bax/Bcl-2 ratio.

[29]

Platycodon grandiflorum Platycodin D (PD) Cardiomyocyte H9c2 cells 
hypoxia/reoxygenation (H/R) 
model

Akt/Nrf2/HO-1 
pathway

Decreased ROS and MDA, increased SOD and CAT, reduced 
Bax cleaved caspase-3, and induced Bcl-2.

[30]

Quercetin (QU) Flavonoids Ischemia/reperfusion (I/R) 
model

SIRT1/PGC-1α 
signaling

Improved myocardial pathological morphology, upregulated 
SIRT1, PGC-1α, and Bcl-2 proteins expression, and  
downregulated Bax protein expression.

[31]

Schisandra chinensis Schisandrin B, 
Sch B

Ischemia/reperfusion (I/R) injury 
model 

ATF6 and PERK 
pathway

Decreased CK, LDH, MDA, and the mRNA levels of ATF6, 
PERK, and CHOP; Downregulated the levels of caspase-9, 
caspase-3, and Bax, and upregulated the expression of 
Bcl-2.

[32]

Radix Paeoniae Rubra Total paeony 
glycoside (TPG), 
a monoterpene 
compound

Ischemia/reperfusion (I/R) injury 
model

PI3K/Akt  
signaling pathway

TPG decreased ROS, MDA, and LDH, increased  
SOD, and GPX activities upregulated the expression levels of 
pro-caspase-3 and Bcl-2, downregulated cleaved-caspase-3, 
poly (ADP-ribose) polymerase 1, Bcl-2-associated X protein, 
and phosphorylated PI3K and Akt expression.

[33]

Apoptosis and Autophagy Hongjingtian injection 
(HJT)

Extracts of Rho-
diola wallichiana 
var. cholaensis

Cardiac ischemia-reperfusion 
(I/R) model

AMPK/mTOR 
pathway

Decreased the infarct area, the levels of cleaved caspase 3, 
LC3-II, and p-AMPK expression, increased the Bcl-2/Bax ratio 
and p-mTOR, increased the mitochondrial membrane poten-
tial, intracellular ATP contents, and oxygen consumption.

[64]

MAPK: mitogen-activated protein kinase, p-PLB: phosphoprotein phosphorylation, SERCA2a: sarco/endoplasmic reticulum Ca2+-ATPase-a, ΔΨm: mitochondrial membrane potential, PI3K: phosphoinositide-3-kinase, HMGB1: high mobility 
group box 1, TNF-α: tumour necrosis factor-α, IL-18: interleukin-18, IL-1β: interleukin-1β, TLR4: toll-like receptor 4, Bax: bcl-2 associated x, Bcl-2: beclin-2, LDH: lactate dehydrogenase, MDA: malonaldehyde, ROS: reactive-oxygen species, 
MMP: mitochondrial membrane potential, SIRT1: silent information regulator 1, CMEC: cardiac microvascular endothelial cell, GSK-3β: glycogen synthase kinase 3 beta, CK: creatine kinase, HW/BW: heart weight/body weight, CaSR: calcium-
sensing receptor, ERK1/2: extracellular signal-regulated kinase 1/2, TGFBR1: TGFβ type 1 receptor, TLR2: toll-like receptor 2, JAK: janus kinases, STAT: signal transducer and activator of transcription proteins, ROCK-1: RhoA/Rho-associated 
coiled-coil containing protein kinase-1, mTOR: mammalian target of rapamycin, TnI: troponin I, TnT: troponin T, Mb: myoglobin, PERK: type I transmembrane ER-resident protein kinase, ATF6: activating transcription factor 6, JNK: Jun N-terminal 
kinase, Nrf2: nuclear factor erythroid 2 related factors 2, MPTP: mitochondrial permeability transition pore, NF-κB: nuclear factor kappa B, FoxO1: forkhead box O 1, SOD: superoxide dismutase, CAT: catalase, GPX: glutathione peroxidase, ATP: 
adenosine triphosphate.
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(ATP) production, as an energy recovery pro-
cess [41]. At the same time, it makes up for the 
damage of ubiquitin-protein so as to maintain 
the protein steady-state [42]. It is the key to  
cell survival and protects cells against various 
types of stress. However, in the reperfusion 
stage, autophagy is over-activated. Because of 
the increase of lysosomal enzymes, necessary 
proteins and organelles are excessively cleared 
which can lead to cellular dysfunction, further 
enhancing cell death and expanding the area  
of myocardial infarction [43-46]. Another harm-
ful cause of autophagy may be the crosstalk 
between autophagy and apoptosis in the Bcl-2 

family [47]. Therefore, the dual role of autopha-
gy in MIRI is considered as a potential interven-
tion target for the reperfusion therapy of isch-
emic heart disease, as shown in Figure 2A.

An important active ingredient in TCM is 
Scutellarin (Scu), a flavonoid purified from Eri- 
geron breviscapus. SCU improves diastolic dys-
function, ameliorates myocardium structure 
abnormality, inhibits myocyte apoptosis and 
inflammatory response, and promotes autoph-
agy. These protective effects are attributed to 
its regulation of the Akt/(mechanistic target of 
rapamycin complex 1) mTORC1/NLRP3 (NLR 

Figure 2. The main regulatory mechanisms of autophagy and py-
roptosis in MIRI. The chain of molecular reactions associated with 
autophagy and apoptosis in MIRI is presented in (A). The inflamma-
some-associated inflammatory caspases activation of pyroptosis is 
illustrated in (B). AMPK: AMP-activated protein kinase; mTOR: mam-
malian target of Rapamycin; ULK1: unc-51-like kinase 1; BNIP3: 
BCL2 interacting protein 3; PINK1: PTEN-induced kinase 1; Parkin: 
Parkinson juvenile disease protein 2; LC3: microtubule-associated 
protein light chain 3; TLR: toll-like receptor; MyD88: myeloid differ-
entiation factor 88; IκBα: recombinant inhibitory subunit of NF-κB al-
pha; NLRP3: NOD-like receptor protein 3; ASC: apoptosis-associated 
speck-like protein containing CARD; IL-1β: interleukin-1β; GSDMD: 
pro-pyroptotic factor gasdermin D; GSDMD-NT: GSDMD N-terminal.
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family pyrin domain containing 3) signaling 
pathway [48].

Another active ingredient is Artemisinin (ARS),  
a sesquiterpene lactone compound with a per-
oxisome bridging group structure, mainly found 
in Artemisia annua, a traditional medicinal 
plant in China. A study confirmed that artemis-
inin preconditioning could effectively protect 
against MIRI through suppression of the NLRP3 
inflammasome activation [49].

Furthermore, Panax notoginseng saponins 
(PNS) are active ingredients extracted from 
Panax notoginsen (Burk) F. H. Chen (Sanqi in 
Chinese). Researchers have established the 
protective effect of PNS in MIRI, mainly due to 
its ability to enhance the mitochondrial autoph-
agy of myocardial tissue through the hypoxia-
inducible factor (HIF)-1a/BCL2 interacting pro-
tein 3 (BNIP3) pathway [50].

In addition to the studies indicated above, sev-
eral other TCM and their main components 
have been documented to mitigate MIRI by 
inhibiting myocardial cell autophagy, as sum-
marized in Table 2 [51-56].

Exploration of prevention and treatment of 
MIRI by pyroptosis

Cookson and Brennan proposed a proinflam-
matory programmed cell death which has come 
to be known as pyroptosis [57]. The inflamma-
some-associated inflammatory caspases are 
activated to drive cleavage of the pro-pyroptotic 
factor gasdermin D (GSDMD), generating an 
N-terminal fragment that is oligomerized to 
form pores on the cell membrane and finally 
causes cell death [58, 59], as shown in Figure 
2B.

Emodin is an anthraquinone derivative from the 
rhizome of Rheum palmatum, which is widely 
used as a laxative in TCM. A study provided 
strong evidence that emodin treatment is able 
to alleviate MIRI and inhibit pyroptosis in vivo 
and in vitro by suppressing the toll-like receptor 
4 (TLR4)/MyD88/NF-κB/NLRP3 inflammasome 
pathway [60].

Gastrodian (GAS), a TCM monomeric compo-
nent, has been traditionally used for the treat-
ment of cardiovascular and cerebrovascular 
diseases for centuries. In a study, it was dem-
onstrated that GAS reversed CMECs and heart 

tissue pyroptosis, and decreased myocardial 
infarct size and inflammatory cell infiltration by 
inhibiting the NLRP3/caspase-1 signaling path-
way [61].

Luteolin (Lu) is a flavonoid compound, which 
has been isolated from a variety of natural 
medicinal materials, fruits, and vegetables. 
Some researchers established the I/R model  
in rats to undertake cardiac hemodynamic 
measurement, assess myocardial infarction 
and damage, analyze antioxidant enzymes 
activities, and estimate various biochemical 
indexes of myocardial tissue. They found that 
Lu decreased aspartate transaminase (AST), 
creatine phosphokinase-isoenzyme (CK-MB), 
and lactate dehydrogenase (LDH), increased 
the level of Sirt1, and decreased the levels  
of NOD-like receptor 3 (NLRP3), apoptosis-
associated speck-like protein containing CARD 
(ASC), Caspase-1, interleukin-1β (IL-1β), inter-
leukin-18 (IL-18), tumor necrosis factor-α (TNF-
α), toll-like receptor 4 (TLR4), myeloid differen-
tiation factor 88 (MyD88), nuclear factor kappa 
B (NF-κB). The above results indicated that Lu 
may reduce MIRI by regulation of the Sirt1/
TLR4/NLRP3/NF-κB pathway in vivo and in 
vitro [62, 63].

It is not surprising to find that there exists mu- 
tual restriction and dynamic balance among 
apoptosis, necroptosis, autophagy, and pyrop-
tosis. For instance, Hongjingtian injection (HJT) 
improved mitochondrial function and regulated 
autophagy to inhibit cell apoptosis through the 
AMPK/mTOR pathway [64]. Moreover, Lu pro-
tected the myocardium by controlling apoptosis 
and pyroptosis [11, 63], while GAS inhibited 
MIRI through autophagy and pyroptosis [52, 
61]. The different active components of Dan- 
shen play important roles in combating MIRI 
through apoptosis and necroptosis [14, 15, 
37]. Therefore, to make full use of the thera-
peutic potential of TCM and its main compo-
nents in inhibiting cardiac myocyte death dur-
ing MIRI, it is necessary to study the similarities 
between these cell death pathways and inter-
vene in their key targets, to obtain effective 
MIRI treatment.

Progress in the treatment with Chinese herbal 
compound

The application of TCM compounds or com-
pound extracts to inhibit MIRI can reflect the 
guiding role of TCM theory in the clinic. In litera-
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Table 2. Summary of TCM treatment of MIRI by regulating necroptosis, autophagy, and pyroptosis in the past five years

Type TCM name Active constituent Experimental model Related  
pathways Efficacies and mechanisms References

Necroptosis Salvia milorrhiza 
Bunge

Tanshinone I (TI) Ttert-butyl hydroperoxide (t-
BHP)-stimulated H9c2 cells 
model; myocardial ischemia-
reperfusion (MI/R) model

RIP1/RIP3/
MLKL and Akt/
Nrf2 signaling 
pathways

Inhibited the expression of p-RIP1, p-RIP3, and p-MLKL, promoted the phosphor-
ylation of Akt, Nrf2, NQO-1, and HO-1, mitigated ROS generation, and reversed 
MMP loss. Recovered ECG, reversed the counts of WBC, Neu, Lym, and the 
release of TNF-α and IL-6, and increased SOD level while decreasing MDA level.

[37]

Scutellaria 
baicalensis Georgi 
(Lamiaceae)

Baicalin, a flavonoid active 
substance

myocardial ischemia-reper-
fusion (IR) model

PI3K-AKT-eNOS 
pathway

Improved cardiac function, decreased the myocardial infarction area, promoted 
the production of NO and the level of cGMP, suppressed the protein expression 
of RIP1, RIP3, and p-MLKL to interrupt CMEC necroptosis.

[38]

Autophagy Scutellarin (SCU) A flavonoid purified Acute myocardial I/R injury 
and anoxia/reoxygenation 
(A/R)-induced H9c2 injuries 
model

Akt/mTORC1/
NLRP3 signaling 
pathway

Reduced NLRP3 inflammasome activation, inhibited mTORC1 activity, and 
increased Akt phosphorylation.

[48]

Artemisinin (ARS) A sesquiterpene lactone 
compound

The rats I/R injury model NLRP3 inflamma- 
some pathway

Reduced infarct size, increased p62, decreased CK-MB, LDH, LC3II/I, NLRP3, 
ASC, cleaved caspase-1, and IL-1β.

[49]

Panax notoginseng Panax Notoginseng
Saponins (PNS)

A rat model of myocardial 
injury

HIF-1α/BNIP3 
pathway

Decreased CK, MDA, LDH, SOD, and ROS, increased mitochondria autophago-
some in myocardial cells, increased the expression of LC3 and the ratio of 
LC3II/LC3I, increased the expression of HIF-1α, BNIP3, Atg5, and Beclin-1.

[50]

Coptidis Rhizoma Coptisine, a naturally  
occurring isoquinoline 
alkaloid

A hypoxia/reoxygenation 
(H/R)-treated H9c2  
cardiomyocyte model

Autophagosome 
formation

Reduced the protein level of LC3-II, cleaved Caspase-3, Beclin1, and Sirt1. [51]

Gastrodian, GAS Model of Hypoxia/ 
Reoxygenation (H/R)

Autophagic flux Reduced heart infarct size inhibited expression of p62 and increased LC3II, 
increased the mitochondrial membrane potential of NRCs, activated AMPK 
phosphorylation, and reduced mTOR phosphorylation.

[52]

The root of Puer-
aria lobata (Willd.)

Pueraria lobata (Pur) Myocardial hypoxia/reoxy-
genation (H/R)

Akt signaling 
pathway

Decreased the ratio of LC3-II/LC3-I and the degradation of p62 and increased 
the level of Akt.

[53]

Puerarin (Pue) 8-C-β-D-glucopyranosyl-7,4-
hydroxy-isoflavone

Myocardial ischemia/reper-
fusion (MI/R) injury

SIRT1/NF-κB 
pathway

Reduced myocardial infarct size and CK-MB, decreased the mRNA and protein 
levels of TNF-α, IL-6, and IL-1β, decreased the protein levels of Ac-NF-κB, NLRP3, 
cleaved caspase-1, cleaved IL-1β, and cleaved IL-18, and increased the protein 
level of SIRT1.

[54]

The rhizome of 
curcuma

Curcumin, curcumin-pep-
tide hydrogel, a polypheno-
lic compound

Rat
ischemia-reperfusion model

JAK2/STAT3 
pathway

Reduced ROS formation and mitochondrial damage, improved cardiac func-
tion, inhibited left ventricular dilatation, ventricular remodeling, and collagen 
synthesis.

[55]

Turmeric plant Curcumin (Cur), an alcohol-
based molecule that exists 
in an organic solvent 

H9c2 cardiomyocytes model ER stress and 
the MAPK 
pathway

Decreased the levels of LDH and MDA and increased the activity of SOD, inhib-
ited the phosphorylation of ERK1/2 and JNK.

[56]

Pyroptosis The rhizome of 
Rheum palmatum

Emodin, an anthraquinone 
derivative 

I/R model TLR4/MyD88/
NF-κB/NLRP3 
inflammasome 
pathway

Increased the rate of cell survival and decreased the myocardial infarct size, 
suppressed the expression of TLR4, MyD88, phospho-IκBα, phospho-NF-κB, and 
the NLRP3 inflammasome.

[60]

Gastrodian, GAS Cardiac microvascular endo-
thelial cells and myocardial 
I/R animal model

NLRP3/cas-
pase-1 pathway

Attenuated infarct size and inflammatory cells infiltration and increased capillary 
formation, reduced IL-1β production, blocked NLRP3-dependent pyroptotic cell 
death.

[61]

Luteolin (Lu) A flavonoid compound I/R model Sirt1/TLR4/
NLRP3/NF-κB 
pathway

Decreased LDH, AST and CK-MB, increased the level of Sirt1, and decreased 
the levels of NLRP3, ASC, Caspase-1, IL-1β, IL-18, TNF-α, TLR4, MyD88, p-NF-κB 
p65, and p-IκBα.

[62, 63]

RIP3: receptor-interacting protein 3, RIP1: receptor-interacting protein 1, MLKL: mixed lineage kinase domain-like protein, Akt: protein kinase B, HO-1: Heme oxygenase-1, NQO-1: quinone oxidoreduct-ase-1, ECG: electrocardiograph, WBC: 
white blood cell, Neu: neutrophil, Lym: lymphocyte, IL-6: interleukin-6, NO: nitric oxide, mTORC1: mechanistic target of rapamycin complex 1, P3: NLR family pyrin domain containing 3, CK-MB: creatine kinase-MB, LC3: microtubule-associated 
protein light chain 3, ASC: apoptosis-associated speck-like protein, HIF-1α: hypoxia-inducible factor 1α, BNIP3: BCL2 interacting protein 3, Atg5: autophagy-related gene-5, NRCs: neonatal rat cardiomyocytes, AMPK: AMP-activated protein 
kinase, ER: endoplasmic reticulum, MyD88: myeloid differentiation factor 88, AST: aspartate transaminase.
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ture reports, the selection of the compounds  
is based on which of them has the most effects 
of replenishing Qi, activating blood circulation, 
regulating Qi, resolving phlegm, nourishing Yin, 
and restoring Yang to save the heart from 
collapse.

The method of replenishing qi and activating 
blood

Researchers indicate that the administration  
of QiShenYiQi Pills (QSYQ) can improve the  
synergistic effect of their main components, 
improving myocardial energy metabolism, pro-
tecting from oxidative stress, decreasing the 
production of pro-inflammatory cytokines and 
infiltration of inflammatory cells, enabling QSYQ 
to attenuate the impairment of microcircu- 
lation dysfunction, myocardial injury and cardi-
ac fibrosis [65]. Similarly, treatment with Yi  
Qi decoction (MYQ) consisting of five herbs-
Milkvetch roots, Semen pharbitidis, CinnamoN 
twig, Fructus amomi, and White peony root, sig-
nificantly improved cardiac function in cardiac 
injury, accompanied by an increase of Bcl-2, 
NCX1, and Serca2a expressions, and decrease 
of Bax and Beclin-1 expressions. This shows 
that MYQ has potential therapeutic effects on 
IR-induced cardiac injury [66]. It has also been 
noted that Tongxinluo (TXL) treatment increas- 
ed ejection fraction, promoted angiogenesis in 
the peri-infarct region, and decreased fibrosis 
and the size of the infarcted area. Moreover, 
TXL could promote autophagy, inhibit apopto-
sis, and preserve the myocardium through acti-
vation of the AMPK signaling pathway [67].

The method of nourishing Qi and Yin

A new drug combination GRS comprising of  
ginsenoside Rb1 (G-Rb1), ruscogenin (R-Rus), 
and schisandrin (S-SA) were screened based 
on ShengMai preparations and was found to 
ameliorate MIRI and H/R-induced cardiomyo-
cytes apoptosis by energy modulation and  
anti-inflammatory and anti-oxidative effects, by 
individually activating AMPKα phosphorylation, 
inhibiting the of NF-κB pathway, and regulating 
of ERK1/2, Akt-Bad/14-3-3 pathway [68].

The method of moving Qi and activating blood 
circulation

Guanxin Shutong capsules (GXSTC) is a widely 
used Chinese medicinal formula, which is clini-
cally administered for palpitations, short brea- 

th, restlessness, fatigue, dizziness, and chest 
pain, enhancing blood circulation, removing 
blood stasis, and protecting against cardiovas-
cular diseases [69]. Researchers have found 
that four main active ingredients (FMAI), proto-
catechuic acid, cryptotanshinone, borneol, and 
eugenol, found in GXSTC suppressed calcium 
overload and exerted their protective effect  
via its antioxidant, anti-inflammatory, and anti-
apoptosis activities in vitro and in vivo [70]. 
Tongmai formula (TM) has also been demon-
strated to exert a cardiac protective effect on 
ischemic myocardium of rats after reperfusion 
and improves mitochondrial quality control th- 
rough mitochondrial dynamics in neonatal rat 
ventricular myocytes (NRVMs) after MIRI [71]. 
Another study found that the cardioprotective 
effect of Xuefu Zhuyu Decoction (XFZY) during 
MIRI is mediated by the inhibition of autophagy 
through regulating the AMPK-MTOR signaling 
pathway [72].

The method of activating Yang and dissipating 
cold

Shenxian-Shengmai Oral Liquid (SXSM), a com-
pound formula for commonly treating bradyar-
rhythmias been found to elevate heart rate, 
improve cardiac dysfunction, and correct cardi-
ac morphological and structural changes dur-
ing MIRI, and as well protect cardiomyocytes 
from oxidative stress by upregulating the 
expressions of superoxide dismutase (SOD)1 
and glutamate-cysteine ligase catalytic subunit 
(GCLC) [73]. In other studies, the herbal formu-
la Shexiang Tongxin dripping pills (STDP), used 
for treating angina pectoris in Chinese clinics 
and hospitals, could reduce peripheral inflam-
mation of blood vessels and the degree of  
atrophy of myocardial muscle fiber, through the 
down-regulation of Sirt1, PGC-1α, and PPARα, 
STDP again induced the up-regulation of 
ERK1/2, TLR4, and UCP2 in the myocardial tis-
sues of MIRI to improve coronary microcircula-
tion disorder and cardiac dysfunction after 
myocardial ischemia-reperfusion [74]. One stu- 
dy demonstrated that Suxiao Jiuxin Pills (SXJ) 
protected against myocardial I/R injury by acti-
vating AKT/GSK3β and GATA4 signaling path-
ways [75].

The method of clearing the heart and reducing 
fire

Sanwei-Tanxiang powder (SWTX) has been vali-
dated concerning its efficacy and mechanism 
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in improving MIRI. In that study, pretreatment 
with SWTX reduced ST-segment elevation, pa- 
thological changes, and myocardial infarct size. 
Meanwhile, some monomers of SWTX showed 
antioxidant capacity and inhibited cardiomyo-
cytic apoptosis which correlated with the acti-
vation of the PI3K/Akt/FoxO3a signaling path-
way [76].

Progress of acupuncture in the treatment of 
MIRI

Acupuncture and moxibustion is a medical 
technique of “treating internal diseases and 
external diseases”. Acupuncture and moxibus-
tion on corresponding meridians and acupoints 
can connect meridians and regulate qi and 
blood, so that Yin and Yang are relatively bal-
anced and, zang-fu functions tend to harmo-
nize, to achieve the purpose of disease preven-
tion and treatment.

Some researchers employed rat models as 
research subjects to prove that electroacu-
puncture and moxibustion pretreatment at 
Neiguan point (an acupoint of the skin stimu-
lated with various techniques in acupuncture) 
could reduce apoptosis index, LC3-II expres-
sion level, and LC3-II/I ratio of MIRI rats, mod-
erately enhancing the occurrence of cardiac 
autophagy, reducing cell apoptosis, and im- 
proving cell damage caused by myocardial isch-
emia [77]. Other researchers found that elec-
troacupuncture pretreatment at Neiguan point 
could reduce infarct size and tissue weight of 
MIRI rats, decrease left ventricular end-diastol-
ic pressure (LVEDP) value and the expression  
of CK-MB and iNOS in serum, slightly expand 
myocardial fiber space, reduce myocardial cell 
swelling, and maintain the integrity of nuclear 
and mitochondrial structures. The above-men-
tioned effect could promote autophagy flux to 
alleviate MIRI damage through the PI3K-Akt-
mTOR pathway [78]. Other studies also found 
that after electroacupuncture pretreatment at 
the Neiguan, Guanyuan, and Zusanli points, the 
level of TNF-α and IL-6 in serum and the expres-
sions of farnesoid X receptor (FXR) and small 
heterodimer partner (SHP) in myocardial tissue 
were significantly reduced [79]. Another study 
reported that the infarct area of an electroacu-
puncture group was smaller than that of the 
model control group. Moreover, the serum LDH, 
CK, and cTnI levels, as well as FXR and SHP 
gene expression levels of the electroacupunc-

ture group were lower than that of the model 
group [80].

In conclusion, electroacupuncture pretreat-
ment could significantly improve cardiac func-
tion after MIRI in rats, reduce infarct size, re- 
duce inflammatory factors, regulate FXP/SHP 
pathway to inhibit myocardial apoptosis, and 
play a preventive and protective role in MIRI. 
Other supportive studies of this observation 
include a study that found that the ST segment 
displacement of the electroacupuncture cardi-
ac meridian group was lower than that of the 
control group after pretreatment at Shenmen 
and Tongli points. The serum IL-1β content was 
decreased and IL-10 content was increased in 
rats. The protein expression of NF-κB P65 and 
IKKβ in myocardial tissue were also decreased, 
while the protein expression of IκBα was in- 
creased. The mechanism may be mediated by 
regulating the IKK/IκB/NF-κB signaling path-
way [81]. Other researchers developed a new 
method of acupoint gel embedding at bilateral 
Neiguan points in rats and found that it could 
significantly reduce the size of myocardial 
infarction, repair pathological changes, relieve 
oxidative stress injury and inflammatory res- 
ponse, and inhibit cell apoptosis through the 
notch-1/JagGED-1 signaling pathway. Acupoint 
gel catgut embedding method has the advan-
tages of continuous acupuncture point stimula-
tion, dose control, no side effects in the treat-
ment process, and relief of pain caused by fre-
quent acupuncture, which can become an alter-
native therapy of acupuncture in the treatment 
of diseases in the future [82].

Prospects

With the continuous development of TCM, the 
application of Chinese medicine has been given 
attention in the treatment of MIRI. Through con-
tinuous pharmacological exploration, both sin-
gle TCM extracts and compounds from TCM 
have been confirmed to possess microscopic 
pharmacological effects of TCM. The concepts 
of traditional medicine have been adopted and 
the clinical effects are more prominent when 
combined with TCM acupuncture and moxibus-
tion. The existing research on MIRI and thera-
peutic mechanism of TCM are insufficient and 
mostly less in-depth. The following challenges 
require further explorations in future studies. 
Firstly, although several animal model experi-
ments have been conducted, those studies 
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have not closely been integrated with clinical 
practice. Considering the increasing number  
of basic diseases and pathological conditions 
such as diabetes, hyperlipidemia, hyperten-
sion, etc., the effectiveness of TCM and associ-
ated mechanisms need further research. Se- 
condly, the purification technology of TCM is 
not yet perfect and the equipment of profes-
sional and technical personnel needs to be 
strengthened. Furthermore, research on the 
mechanism of TCM mostly draws ideas from 
the research model of western medicine, which 
could lead to the ignorance of certain guiding 
principles of TCM theory. The failure to recog-
nize the “syndrome” in each case is inconsis-
tent with the theory of “treatment based on 
syndrome differentiation”, and results in cer-
tain blindness in clinical practice. All these 
challenges require studies for a future solution. 
Therefore, based on the TCM’s theory of 
“Organic wholeness” and “Treatment based on 
syndrome differentiation”, researchers should 
give more attention to TCM advantages and 
characteristics regarding “multi-link, multi-tar-
get, multi-access, and cost-effectiveness”. 
Moreover, there should be an emphasis on the 
combination of western medicine and TCM in 
terms of the disease diagnosis and organic 
combined research of “disease, syndrome, and 
prescription”.

In the meantime, there is the need to explore 
the relevant regulatory mechanisms and molec-
ular changes to clarify the material basis and 
main action mechanism of TCM and its related 
components in the prevention and treatment of 
MIRI, which will help promote the objectifica-
tion of TCM theory. On the other hand, the 
results of clinical studies should be used to  
further optimize the compatibility of effective 
ingredients, dosage, administration time, and 
administration method of TCM, to carry out 
more scientific design, large-sample studies, 
multi-center clinical observation, and classifi-
cation system studies which will improve the 
research on the mechanism of MIRI and pro-
vide therapeutic strategies and a theoretical 
basis for clinical treatment of MIRI. It is expect-
ed that with the continuous development and 
progress of science and technology, research-
ers will be able to solve the problem of patients’ 
pain and improve their quality of life through 
continuous development and exploration.
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