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Chinese medicine is a national treasure that has been passed down for thousands of years
in China. According to the statistics of the World Health Organization, there are currently
four billion people in the world who use Chinese medicine to treat diseases, accounting for
80% of the world’s total population. However, the obscurity of its theory, its
unmanageable quality, its complex compositions, and the unknown effective
substances and mechanisms are great obstacles to the internationalization of Chinese
medicine. Here, we propose a new strategy for the development of Chinese medicine: the
clinical prescription (C)-protein (P)-small-molecule (S)-disease (D) strategy, namely the
CPSD strategy. The strategy uses clinical prescriptions as the source of medicine and
uses computer simulation technology to find small-molecule drugs targeting therapeutic
proteins for treating specific diseases so as to deepen awareness of the value of Chinese
medicine. At the same time, this article takes cardiovascular drug development as an
example to introduce the application of CPSD, which will be instrumental in the further
development, modernization, and internationalization of Chinese medicine.

Keywords: CPSD, Chinese medicine, Chinese materia medica, traditional Chinese medicine, drug discovery,
cardiovascular diseases

INTRODUCTION

Chinese medicine, also known as Chinese materia medica (CMM), is one of the major aspects of
Traditional Chinese Medicine (TCM) (Xu et al., 2013). Its long history of application has benefited
Chinese, Asians, and so on (Han et al., 2017). Although it is gradually receiving more attention,
CMM can only be partially approved as complementary or alternative medicine due to a lack of
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objective and quantitative evaluation criteria (Chan et al., 2010;
Hao et al.,, 2017). In the year 2015, Youyou Tu won the Nobel
Prize for her contribution to the world-focused antimalarial
drug, artemisinin, causing people to gradually realize that
CMM is a huge treasure trove of drug development resources
(Kong and Tan, 2015). Therefore, a proper CMM development
strategy is urgently required.

Here, we propose the clinical prescription-protein-small
molecule-disease strategy, abbreviated as CPSD. CPSD refers
to a drug development strategy that uses clinically used Chinese
classical prescriptions (CCCP) as sources of potential drugs to
screen for small molecules that regulate specific targets, thereby
developing drugs and treating diseases (Figure 1). In order to
explain the CPSD strategy in more detail, we use its application
in the development of cardiovascular disease drugs as an
example to demonstrate its value in the development of CMM.

C: CCCP AGAINST CARDIOVASCULAR
DISEASES

“ShangHanLun” (“Treatise on Febrile Diseases”), a masterpiece
published during the Eastern Han dynasty of China, covered a
variety of Chinese classical prescriptions against diseases (Han
et al., 2017). According to TCM theory and modern medical
experience, Chinese medical workers have made appropriate
adjustments and deletions to the classical Chinese prescriptions

to form CCCP for the treatment of diseases such as
cardiovascular diseases (Supplementary Table 1).

CCCP Against Myocardial Ischemia

Danlou Decoction (DL), consisting of 10 CMMs such as Salvia
miltiorrhiza Bunge (Danshen), Ligusticum chuanxiong Hort.
(Chuanxiong), Trichosanthes kirilowii Maxim. (Gualou), and so
on, has taken advantage of TCM practice for the treatment of
atherosclerotic plaques and ischemia-reperfusion injury (Mao
et al,, 2016). Buyang Huanwu Decoction (BHD) was indicated
to be beneficial for cerebrovascular diseases like myocardial
ischemia in both clinical trials and animal model experiments
(Chen et al., 2017a). Sheng-Mai-San (SMS) is composed of Panax
ginseng C.A.Mey. (Renshen), Ophiopogon japonicus (Thunb.) Ker
Gawl. (Maidong), and Schisandra chinensis (Turcz.) Baill.
(Wuweizi) and has demonstrated clinical efficacy in the
treatment of ischemic heart disease in China (Yang et al., 2017b).

CCCP Against Myocardial Infarction

Danhong Decoction (DH) is chiefly composed of two herbs,
Salvia miltiorrhiza Bunge (Danshen) and Carthamus tinctorius
L. (Honghua). It is widely used for the treatment of various
vascular diseases including occlusive vasculitis, coronary disease,
and myocardial infarction in China (Qian et al., 2018a). Chaihu
Longgu Mulitang (BFG), a Chinese classical prescription (CCP)
that promotes blood circulation to remove blood stasis,

[ e
-
-

FIGURE 1 | Overall process of the CPSD strategy. Firstly, CCCPs for treating a certain disease are collected, and the reported compounds contained in these
CCCPs are summarized to construct a compound library (C of CPSD). After investigating the literature and analyzing databases, therapeutic target information
related to a certain disease are obtained (P of CPSD). Small-molecule regulators of the therapeutic targets, which can be acquired by virtual screening technology
(S of CPSD), have the potential to be candidate drugs against a certain disease (D of CPSD).
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protecting cardiomyocytes and inhibiting platelet aggregation, is
applied against acute myocardial infarction (Wang et al., 2018a).

CCCP Against Coronary Heart Disease

Yiqi Fumai Decoction (YQFM) has been declared to significantly
improve myocardial contraction and diastolic function and the
pumping function of the heart (Sun et al., 2012). Gualou Xiebai
Baijiu decoction (GLXB), consisting of Trichosanthes kirilowii
Maxim. (Gualou), Atractylodes macrocephala Koidz. (Xiebai),
and liquor, was utilized to treat “chest obstruction and heart
pains” in ancient China. Now, GLXB is still used clinically
against coronary heart disease and angina pectoris (Lin et al.,
2018). Liuwei Dihuang (LWDH), a CCP used to treat numerous
diseases with symptoms of ‘Kidney-Yin’ deficiency syndrome for
over 1000 years in China, has other functions such as in the
treatment of coronary heart disease (Jing et al., 2017). Gegen
Decoction (GG) is one of the representative CCPs for treating
exogenous diseases. Modern pharmacological research showed
that GG has an anti-thrombosis effect, and it is commonly used
in various clinical disease fields (Li et al., 2017).

CCCP Against Arrhythmia

Guizhi Gancao Decoction (GZGC) consists of Cinnamomum
cassia (L.) J.Presl (Guizhi) and Glycyrrhiza uralensis Fisch. ex
DC. (Zhigancao), a drug pair with a positive inotropic effect.
GZGC can be utilized to treat diseases such as pulmonary heart
disease, coronary heart disease, and cardiovascular neurosis (Ma
and Lu, 2011). Clinical studies have shown that Huanglian Ejiao
Decoction (HLEJ) has a significant impact on patients with atrial
fibrillation or arrhythmias after viral myocarditis, with reduced
incidence of adverse reactions (Fei, 2011).

CCCP Against Hypertension

It is pointed out that in addition to its antihypertensive effect,
Tianma Goutengyin (TMGTY), the CCCP for therapy against
hypertension, can also reduce the risk of cardiovascular disease
by improving lipid metabolism and protecting target organs (Jiao
and Liu, 2017). Wuzhuyu Decoction (WZY) is a CCP with
Tetradium ruticarpum (A.Juss.) T.G.Hartley (Wuzhuyu),
Zingiber officinale Roscoe (Shengjiang), Panax ginseng
C.A.Mey. (Renshen), and Ziziphus jujuba Mill. (Dazao) that is
used clinically to treat hypertension and heart failure (Du, 1999).

P: PROTEINS OR PATHWAYS
ASSOCIATED WITH CARDIOVASCULAR
DISEASES

Regulation of a variety of proteins is closely linked to
cardiovascular development and cardiovascular disease
treatment. These proteins can serve as drug targets for
cardiovascular disease drug design and development. For the
criteria of selection of proteins or targets related to
cardiovascular diseases, we investigated all of the literature
related to cardiovascular disease pathways published between
2001 and 2018. Through further screening, we removed repeated

reports and extracted proteins or targets where there is clear
evidence (such as in vitro and in vivo experiments) that they are
associated with cardiovascular disease, and these are reflected in
the present article. In addition, we constructed a protein network
based on the upstream-downstream relationship reported in the
articles, which may help to systematically understand the overall
process of cardiovascular disease development and facilitate the
progress of anti-cardiovascular drugs (Figure 2).

PISBK-AKT and Related Pathways

The Phosphatidylinositol-3 kinase (PI3K)-protein kinase B
(AKT)-mammalian target of the rapamycin protein (mTOR)
signaling pathway can be activated by Dragon’s Blood extract
(DBE), subsequently regulating downstream targets like vascular
endothelial growth factor (VEGF), cyclooxygenase 2 (COX2),
and peroxisome proliferator-activated receptor gamma (PPARY)
in cardiac tissue, to exert cardio-protection against myocardial
injury (Li et al, 2018a). PI3K/Akt can also be activated by
baicalin, a CMM component that can suppress nuclear factor-
kappa B (NF-xB) signaling to inhibit myocardial apoptosis and
inflammation (Luan et al., 2019). The cluster of differentiation 40
(CD40)/NF-xB signaling pathway and downstream
inflammatory cytokine expression is suppressed by ginkgolide
C to alleviate myocardial ischemia/reperfusion (MI/R)-induced
inflammatory injury (Zhang et al., 2018b). The toll-like receptor
4 (TLR4)/myeloid differentiation primary response protein 88
(MyD88)/NF-kB pathway can be inhibited by nicorandil to
prevent coronary microembolization-induced myocardial
injury (Su et al, 2018). Inhibition of the high-mobility group
box-1 (HMGBI1)/TLR4/TRAF6/NF-kB signaling pathway is
beneficial for treatments of MI/R injury and acute myocardial
infarction (AMI) (Sun et al., 2015; Dong et al., 2018). Besides, the
Rho/Rho-associated coiled-coil forming protein kinase (ROCK)/
NF-B signaling pathway can be inhibited by crocetin ester to
exert a cardioprotective effect against AMI (Huang et al., 2016).
By targeting the nicotinamide adenine dinucleotide phosphate
(NADPH)/extracellular regulated protein kinase (ERK)/NF-kB
pathway, erythropoietin can inhibit rat cardiac fibroblast
proliferation, transformation, and collagen deposition (Wang
et al,, 2016). Receptor-interacting protein (RIP140), as well as
inhibitor of NF-kB (IkB)/NE-kB p65 (p65)/IL-6, can be
regulated by glycyrrhizic acid to preserve heart function by
increasing cardiac antioxidants and reducing cardiomyocytes
apoptosis (Yang et al., 2017a).

The activation of cold-inducible the RNA-binding protein
(CIRP)/mitogen-activated protein kinase (MAPK) signaling
pathway, down-regulation of the janus kinase (JAK)/signal
transducer and activator of transcription (STAT) signaling
pathway, and down-regulation of the angiotensin II (Ang II)/
Ang II type 1 receptor (AT1R) pathway can all be induced by a
simple compound, H2S, to exert cardio-protective effects like
ameliorating myocardial injury, attenuating myocardial fibrosis,
or improving myocardial remodeling (Liu et al., 2017; Liu et al,,
2018; Zhao et al., 2018). Interestingly, in addition to its down-
regulation, activating or up-regulating the JAK/STAT pathway
was reported to prevent the oxidative stress-induced apoptosis of
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FIGURE 2 | Proteins or pathways associated with cardiovascular diseases. Green and red indicate that activating/upregulating or inhibiting/downregulating these
proteins was reported to be beneficial for treatments of cardiovascular diseases, respectively. A mixture of red and green means that both upregulation and
downregulation of these proteins were reported to attenuate cardiovascular diseases.

myocardial cells and inhibit myocardial fibrosis (Qu et al., 2017;
Huang et al., 2018).

AMPK/FOXO and Related Pathways

The activation of the silent information regulator 3 (SIRT3)/
superoxide dismutase 2 (SOD2)/FOXO3 (Forkhead box O3)/
Atrogin-1 pathway and inhibition of fatty acid synthase (FASN)
can lead to the protection of the heart from oxidative stress as
well as from the development of human heart failure and left
ventricular dysfunction (Galasso et al., 2010; Wang et al., 2018c).
The SIRT1/nuclear factor-erythroid 2-related factor 2 (Nrf2)
signaling pathway is activated by honokiol to ameliorate MI/R
injury (Zhang et al., 2018a). SIRT1 along with downstream TGEF-
B1/Smad2/3/Collagen pathways are highly involved in the
prevention of fibrosis through the cardioprotective effects of
caffeic acid o-nitro phenethyl ester (CAPE-oNO2). CAPE-
oNO2 can also suppress oxidative stress by regulating the
peroxisomal proliferators-activated receptor y-coactivator-lo
(PGC-10)/Nrf1/SOD1 pathway to protect heart function. This
protective effect is related to other pathways like Bcl-2 associated
X Protein (Bax)/B-cell lymphoma-2 (Bcl-2) (Li et al., 2018b).
Sitagliptin was reported to inhibit the liver kinase B-1 (LKB-1)/
5’-AMP-activated protein kinas (AMPK)/Akt pathway, activate
the glycogen synthase kinase-3f (GSK3-B) and p38 MAPK
pathways, thereby preventing apoptosis and cardiomyopathy
(Al-Damry et al, 2018). Inactivation of the TGFp-activated

kinase 1(TAK1)-p38 MAPK/c-Jun N-terminal kinase (JNK)
signaling pathway protects the heart from cardiac hypertrophy
and dysfunction (Li et al, 2016). The PHLPP-1/Akt/Nrf2
signaling pathway is activated by a hydrogen sulfide donor
GYY4137 to protect against MI/R injury (Qiu et al., 2018). The
AMPK/Nrf2/heme oxygenase-1 (HO-1) pathway, an anti-
oxidative defense system, was reported to be related to the
development of diabetic cardiomyopathy and the restoration of
cardiac function (Li et al., 2018c). Ca2+/calmodulin-dependent
protein kinase kinase 3 (CaMKKf)/AMPK can modulate vagal
nerve stimulation, functioning against ISO-induced myocardial
ischaemia (Xue et al., 2017).

Other Pathways

Interleukin-1f (IL-1B) can be modulated by P2X7 receptor
(P2X7R) inhibition, induced by its antagonist A-740003, via
the P2X7/NLRP3 pathway to attenuate sympathetic nerve
sprouting after MI (Yin et al.,, 2017). SPARC-related modular
calcium binding 1 (SMOC1) silencing can suppress myocardial
fibrosis of mouse myocardial fibroblasts via regulation of the
bone morphogenetic protein 2 (BMP2)/Smad signaling pathway
(Wang et al.,, 2018d). The activation of the notch1/mitochondrial
fusion-associated protein 2 (Mfn2) signaling pathway along with
downstream EphrinB2/EphB4 can be activated by melatonin,
preventing adverse myocardial infarction remodeling and
ischemic cardiovascular diseases (Pei et al.,, 2016; Yang et al,
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2016). The regulation of the calcium-sensing receptor (CaSR)/
protein kinase C-o. (PKC-a)/protein phosphatase-1 (PP-1)
signaling pathway was reported to be involved in increasing
cardiac diastolic function (Ji et al., 2018). Inhibition of the
mitochondrial NADPH oxidase 4 (mitoNox)/PKC-a/galectin-3
(Gal-3) pathway can decrease left ventricular fibrosis following
myocardial infarction (Asensio-Lopez et al., 2018).

In addition to the above, some targets or signaling pathways
are closely related to the treatment of cardiovascular diseases,
such as p70S6K, Cyclin D1, phosphatase and tensin homolog
deleted on chromosome ten (PTEN), and G Protein-Coupled
Receptor Kinase 2 (GRK2) (Glass and Singla, 2011; Lian et al.,
2012; Fan et al.,, 2013; Chen et al., 2017b).

S: CMM-DERIVED SMALL-MOLECULE
COMPOUNDS/DRUGS AGAINST
CARDIOVASCULAR DISEASES

Hitherto, a number of small molecules isolated from CMM have
been identified to function against cardiovascular diseases.
Targets or pathways regulated by these small molecules, as well
as experimental models used in the research process, have been
partly reported (Supplementary Table 2). Cycloastragenol, a
natural compound with various pharmacological functions
derived from Astragalus mongholicus Bunge (Huanggqi), has
been demonstrated to attenuate left ventricular dysfunction
and cardiac remodeling in heart failure rat models (Wang
et al., 2018b). Calycosin-7-O-B-D-glucoside, an Astragalus
mongholicus Bunge (Huangqi)-derived calycosin derivative, can
reduce myocardial injury in heatstroke rats (Tsai et al., 2019).
Gastrodin, a monomeric component exacted from Gastrodia
elata Blume (Tianma), can alleviate MI/R via multiple
mechanisms related to autophagic flux and the elimination of
dysfunctional mitochondria (Fu et al., 2018). Wogonin, a
dihydroxyl flavonoid compound isolated from Scutellaria
baicalensis Georgi (Huangqin), was reported to reverse the
over-activation of the PI3K/Akt pathway to relieve myocardial
hypertrophy (Qian et al,, 2018b). Leonurine derived from
Leonurus japonicus Houtt. (Yimucao) can induce cardiac
protection effects in vivo via the PI3K/AKT/GSK3p signaling
pathway to have an anti-apoptosis effect (Xu et al., 2018).
Honokiol is a biphenolic compound isolated from Magnolia
officinalis Rehder & E.H.Wilson (Houpu), which can protect the
heart from dysfunction in vivo by activating the AMPK/ULK
pathway and promoting autophagy (Wei et al., 2018). Apigenin-
7-O-B-D-(-6"'-p-coumaroyl)-glucopyranoside, derived from
Akebia quinata (Thunb. ex Houtt.) Decne. (Mutong), was
reported to attenuate MI/R injury by activating the AMPK
signaling pathway (Feng et al., 2018). Amentoflavone is a
polyphenolic compound isolated from Selaginella tamariscina
(P.Beauv.) Spring (Juanbai), which can inhibit the renin-
angiotensin system (RAS) and reduce NADPH oxidase-
associated oxidative stress, leading an amelioration of
cardiovascular dysfunction (Qin et al., 2018). Chicoric acid, a

caffeic acid derivative isolated from Chrysanthemum x
morifolium (Ramat.) Hemsl. (Juju), can improve heart and
blood in hypobaric hypoxia yak models (Wu et al., 2018).
Acacetin, a Chrysanthemum x morifolium (Ramat.) Hemsl.
(Juhua)-derived flavonoid compound, was reported to inhibit
cardiac hypertrophy and fibrosis in myocardial infarction mouse
models (Chang et al., 2017). The main medicinal component of
Phragmites australis (Cav.) Trin. ex Steud. (Luhui), barbaloin,
can regulate oxidative stress and inflammation response by
activation of AMPK, contributing to cardioprotective functions
(Zhang et al., 2017). Resveratrol, a natural phenol generated by
Reynoutria japonica Houtt. (Huzhang), exerts multiple beneficial
effects on cardiovascular diseases such as antiatherogenic, anti-
inflammatory, antihypertensive, cardioprotective effects (Cho
et al., 2017). Quercetin isolated from Styphnolobium japonicum
(L.) Schott (Huaihua) was reported to ameliorate oxidative stress,
inflammation, and apoptosis in the heart of adult male diabetic
rats (Roslan et al., 2017). Melatonin, a compound isolated from
Lycium barbarum L. (Gouqizi), can exert a cardioprotective
effect via the AMPK-PGC-1a.-SIRT3 signaling pathway (Yu
et al., 2017). Punicalagin, a bioactive component isolated from
Punica granatum L. (Shiliupi), was reported to exert
cardioprotective effects by restricting oxidative stress and
myocardial injury in a rat model of MI/R via activation of the
AMPK signaling pathway (Ding et al, 2017). Berberine is a
component extracted from Phellodendron chinense C.K.Schneid.
(Huangbai) found to prevent ischemia-induced heart injury in
heart via regulation of miR-29b (Zhu et al., 2017). Naringenin, a
Citrus x aurantium L. (Zhishi)-derived flavanone, prevented
myocardial cells against prematurely induced senescence,
seeming to be associated with the mitochondria (Da Pozzo
et al., 2017). Diacerein, an anthraquinone compound derived
from Phragmites australis (Cav.) Trin. ex Steud. (Luhui), can
improve ventricular remodeling and reduced fibrosis and might
be associated with the NF-xB pathway (Torina et al, 2015).
Luteolin, a falconoid compound from Lonicera japonica
Thunb. (Jinyinhua), was reported to protect against MI/R
injury through the mechanism of regulating the ROS-MAPK
pathway (Yu et al, 2015). Piceatannol, a natural phenolic
compound isolated from Rheum palmatum L. (Dahuang),
exerted various pharmacological functions like prevention of
hypercholesterolemia, cardiac arrhythmia, inflammation,
monocyte-endothelial cell adhesion, smooth muscle cell
proliferation and migration, endothelial dysfunction, and so on
(Tang and Chan, 2014). Trigonelline, an active component of
Trigonella foenum-graecum L. (Huluba), was reported to prevent
oxidative stress through the down-regulation of Hsp27 and o:B-
crystallin, which is beneficial for protection against myocardial
injury (Panda et al, 2013). Protocatechuic acid is a phenolic
compound extracted from Ainsliaea bonatii Beauverd (Ercha),
which has a protective effect against oxidative and
histopathological damage in the heart tissue of rats, preventing
the toxicity of 2,3,7,8-tetracholorodibenzo-p-dioxin (TCDD)
(Ciftci et al., 2013). Salvianolic acid B and Tanshinone IIA, two
major extracts from Salvia miltiorrhiza Bunge (Danshen), were
demonstrated to exert cardioprotective function through
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multiple targets concerned with NO production (Pan et al,
2011). A natural p300-specific histone acetyl-transferase
inhibitor, curcumin, is derived from Curcuma longa L.
(Jianghuang). Curcumin treatment with angiotensin-converting
enzyme inhibitors can exert favorable effects on left ventricular
systolic function in myocardial infarction in rats (Sunagawa
et al, 2011). Finally, cryptotanshinone, one of the active
ingredients from Salvia miltiorrhiza Bunge (Danshen), was
reported to inhibit rat MI/R injury in vivo via mechanisms
related to pro-inflammatory cytokines (Jin et al., 2009).

CPSD in the Development of
Cardiovascular Disease Drugs

To further define the role of the CPSD strategy in drug
development, the application of CPSD in the development of
cardiovascular disease drugs is shown here as an example. Linggui
Zhugan Decoction (LGZG), composed of Poria cocos (Schw.)
Wolf (Fuling), Cinnamomum cassia (L.) J.Presl (Guizhi),
Atractylodes macrocephala Koidz. (Baizhu), and Glycyrrhiza
uralensis Fisch. ex DC. (Gancao), is a CCCP employed to treat
arrhythmia and heart failure (Ma and Lu, 2011). A library of
compounds containing the chemical constituents of the four
CMMs in LGZG named the LGZG Database was constructed
with the help of the Chemistry Database (Shanghai Institute of
Organic Chemistry of CAS. Chemistry Database [DB/OL]. http://
www.organchem.csdb.cn. [1978-2018]). The three-dimensional
geometric coordinates of the X-ray crystal structures of HO-1
(PDB code: 1UBB) and ERK (PDB code: 6DCG), two targets
reported to be associated with arrhythmia, were obtained from the
Protein Data Bank (PDB) (Lee et al.,, 2014; Yao et al., 2019). Hits
were then screened from the LGZG Library using Accelrys
Discovery Studio (version 3.0; Accelrys, San Diego, CA, USA)
using the CDOCKER protocol. The semi-flexible docking results
of CDOCKER revealed that pachymic acid and vicenin-2, as
examples, formed interactions with HO-1 and ERK, respectively
(Supplementary Figure 1). These results for compound-protein
interactions between pachymic acid-HO-1 and vicenin-2-ERK
were confirmed and validated against published articles (Lu
et al, 2010; Kang et al., 2015). In summary, natural small
molecules for specific pharmacodynamic targets against
cardiovascular diseases could be screened out conveniently,
quickly, and successfully by using the CPSD strategy.

CONCLUSION

CMM has been used for thousands of years in China and has
enormous potential for drug development. However, the diverse
ingredients of CMM and the complex medical theory of TCM
have meant that CMM is still not widely accepted by people all
over the world.

The CPSD strategy is a CMM development strategy that
integrates multidisciplinary technology. CPSD intends to use
CCCP as the source of compounds and screens out small
molecules for specific targets by using computer simulation
technology. Using the CPSD strategy may greatly improve the
successful development of small-molecule drugs with specific

targets and clear indications, reducing waste of time and money. In
TCM theory, CMM is believed to be the smallest drug unit,
emphasizing the integrity of CMM. However, western medical
scientists regard the pharmacodynamic molecule as the smallest
drug unit, creating a barrier between Chinese and Western
medicine. The CPSD strategy may break through the strict limits of
CMM medicine and western medicine, which regards CMM in
CCCP as the source of molecular drugs instead of an indivisible drug.

Since the CPSD strategy was first proposed in this paper, it
should be mentioned that there is no report on the successful
development of new drugs using the CPSD strategy. However,
there is no doubt that this article will give researchers a new idea
for the further development of Chinese medicine, and future
research results achieved by using this strategy will be the best
proof of the effectiveness and superiority of the CPSD strategy.

DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found in the
Shanghai Institute of Organic Chemistry database of
traditional Chinese Medicine (http://www.organchem.csdb.cn/
scdb/main/tcm_introduce.asp).

AUTHOR CONTRIBUTIONS

R-RH and Y-ZG conceived the concept of this perspective. Y-ZG
performed the literature research and wrote the manuscript. YJ
designed and made all figures and tables. HK, Y-FL, YD, and R-RH
gave comprehensive advice and critically revised the manuscript.
All authors approved the final version of this manuscript.

ACKNOWLEDGMENTS

This work was supported, in part, by the National Key Research and
Development Program of China (grant number 2017YFC1700404),
the Natural Science Foundation of China (grant numbers 81622050,
81573675, U1801284, 81673709, and 81873209), the Local
Innovative and Research Teams Project of Guangdong Pearl
River Talents Program (grant number 2017BT01Y036) and
GDUPS (2019), the Guangdong Science and Technology
Foundation for Distinguished Young Scholars (grant number
2017A030306004), and the Science and Technology Program of
Guangzhou (grant number 201903010062).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2019.
01564/full#supplementary-material

SUPPLEMENTARY TABLE 1 | CCCP against cardiovascular diseases.

SUPPLEMENTARY TABLE 2 | CMM-derived small molecule compounds/
drugs against cardiovascular diseases.

SUPPLEMENTARY FIGURE 1 | Molecular docking results of pachymic acid/
HO-1 and vicenin-2/ERK.

Frontiers in Pharmacology | www.frontiersin.org

January 2020 | Volume 10 | Article 1564


http://www.organchem.csdb.cn
http://www.organchem.csdb.cn
http://www.organchem.csdb.cn/scdb/main/tcm_introduce.asp
http://www.organchem.csdb.cn/scdb/main/tcm_introduce.asp
https://www.frontiersin.org/articles/10.3389/fphar.2019.01564/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2019.01564/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Guo et al.

CPSD

REFERENCES

Al-Damry, N. T., Attia, H. A., Al-Rasheed, N. M., Mohamad, R. A., Al-Amin, M.
A., Dizmiri, N., et al. (2018). Sitagliptin attenuates myocardial apoptosis via
activating LKB-1/AMPK/Akt pathway and suppressing the activity of GSK-3f
and p380/MAPK in a rat model of diabetic cardiomyopathy. Biomed.
Pharmacother. 107, 347-358. doi: 10.1016/j.biopha.2018.07.126

Asensio-Lopez, M. D. C,, Lax, A., Fernandez Del Palacio, M. ., Sassi, Y., Hajiar, R. J.,
Pascual-Figal, D. A., et al. (2018). Pharmacological inhibition of the
mitochondrial NADPH oxidase 4/PKCa/Gal-3 pathway reduces left
ventricular fibrosis following myocardial infarction. Transl. Res. 199, 4-23. doi:
10.1016/j.trsl.2018.04.004

Chan, E., Tan, M., Xin, J., Sudarsanam, S., and Johnson, D. E. (2010). Interactions
between traditional Chinese medicines and Western therapeutics. Curr. Opin.
Drug Discovery Devel. 13, 50-65.

Chang, W., Wu, Q. Q, Xiao, Y., Jiang, X. H,, Yuan, Y., Zeng, X. F,, et al. (2017).
Acacetin protects against cardiac remodeling after myocardial infarction by
mediating MAPK and PI3K/AKkt signal pathway. J. Pharmacol. Sci. 135, 156—
163. doi: 10.1016/j.jphs.2017.11.009

Chen, H. H,, Song, H. Y., Liu, X,, Tian, J., Tang, W. Z,, Cao, T. T., et al. (2017a).
Buyanghuanwu Decoction alleviated pressure overload induced cardiac
remodeling by suppressing Tgf-B/Smads and MAPKs signaling activated
fibrosis. Biomed. Pharmacother. 95, 461-468. doi: 10.1016/
j.biopha.2017.08.102

Chen, Z. H,, Xie, J. H., Hao, H. X,, Lin, H. R,, Wang, L., Zhang, Y. X,, et al. (2017b).
Ablation of periostin inhibits post-infarction myocardial regeneration in
neonatal mice mediated by the phosphatidylinositol 3 kinase/glycogen
synthase kinase 3f/cyclin D1 signalling pathway. Cardiovasc. Res. 113, 620
632. doi: 10.1093/cvr/cvx001

Cho, S., Namkoong, K., Shin, M., Park, J., Yang, E., Thm, J, et al. (2017).
Cardiovascular protective effects and clinical applications of resveratrol.
J. Med. Food. 20, 323-334. doi: 10.1089/jmf.2016.3856

Ciftci, O., Disli, O. M., and Timurkaan, N. (2013). Protective effects of
protocatechuic acid on TCDD-induced oxidative and histopathological
damage in the heart tissue of rats. Toxicol. Ind. Health 29, 806-811. doi:
10.1177/0748233712442735

Da Pozzo, E., Costa, B., Cavallini, C., Testai, L., Martelli, A., Calderone, V., et al.
(2017). The citrus flavanone naringenin protects myocardial cells against age-
associated damage. Oxid. Med. Cell. Longev. 2017, 9536148. doi: 10.1155/2017/
9536148

Ding, M. G.,, Wang, Y., Sun, D, Liu, Z. H, Wang, J., Li, X,, et al. (2017).
Punicalagin pretreatment attenuates myocardial ischemia-reperfusion injury
via activation of AMPK. Am. J. Chin. Med. 45, 53-66. doi: 10.1142/
$0192415X17500057

Dong, L. Y., Chen, F,, Xu, M,, Yao, L. P, Zhang, Y. J., and Zhuang, Y. (2018).
Quercetin attenuates myocardial ischemia-reperfusion injury via
downregulation of the HMGB1-TLR4-NF-kB signaling pathway. Am. J.
Transl. Res. 10, 1273-1283.

Du, L. (1999). “Shang han lun” fang zai xin xue guan ji bing zhong de ying yong
(Application of “Treatise on Febrile Diseases” in Cardiovascular Diseases).
Clin. J. Tradit. Chin. Med. 04, 287-290. doi: 10.16448/j.cjtcm.1999.04.075

Fan, Q., Chen, M., Zuo, L., Shang, X. Y., Huang, M. Z., Ciccarelli, M., et al. (2013).
Myocardial Ablation of G Protein-Coupled Receptor Kinase 2 (GRK2)
Decreases Ischemia/Reperfusion Injury through an Anti-Intrinsic Apoptotic
Pathway. PLoS One 8, 66234. doi: 10.1371/journal.pone.0066234

Fei, Y. (2011). Syndrome Identification and Treatment of Arrhythmia by Classical
Prescriptions. J. Liaoning Univ. Tradit. Chin. Med. 13, 212-214. doi: 10.13194/
j.jlunivtcm.2011.01.214.feiy.018

Feng, Y. D,, Lu, Y. Y, Liu, D,, Zhang, W, Liu, J. T,, Tang, H. F,, et al. (2018).
Apigenin-7-O-B-d-(-6"-p-coumaroyl)-glucopyranoside pretreatment
attenuates myocardial ischemia/reperfusion injury via activating AMPK
signaling. Life. Sci. 203, 246-254. doi: 10.1016/j.1f5.2018.04.048

Fu, S. S, Chen, L. L., Wu, Y. Z, Tang, Y., Tang, L., Zhong, Y. K,, et al. (2018).
Gastrodin pretreatment alleviates myocardial ischemia/reperfusion injury
through promoting autophagic flux. Biochem. Biophys. Res. Commun. 503,
2421-2428. doi: 10.1016/j.bbrc.2018.06.171

Galasso, G., De Rosa, R., Piscione, F., Laccarino, G., Vosa, C., Sorriento, D., et al.
(2010). Myocardial expression of FOXO3a-Atrogin-1 pathway in human heart
failure. Eur. J. Heart Fail. 12, 1290-1296. doi: 10.1093/eurjhf/hfq102

Glass, C., and Singla, D. K. (2011). MicroRNA-1 transfected embryonic stem cells
enhance cardiac myocyte differentiation and inhibit apoptosis by modulating
the PTEN/Akt pathway in the infarcted heart. Am. J. Physiol. Heart Circ.
Physiol. 301, H2038-H2049. doi: 10.1152/ajpheart.00271.2011

Han, J. Y., Li, Q, Ma, Z. Z., and Fan, J. Y. (2017). Effects and mechanisms of
compound Chinese medicine and major ingredients on microcirculatory
dysfunction and organ injury induced by ischemia/reperfusion. Pharmacol.
Ther. 177, 146-173. doi: 10.1016/j.pharmthera.2017.03.005

Hao, P. P,, Jiang, F., Cheng, J., Ma, L., Zhang, Y., and Zhao, Y. (2017). Traditional
Chinese medicine for cardiovascular disease: evidence and potential
mechanisms. J. Am. Coll. Cardiol. 201769, 2952-2966. doi: 10.1016/
j.jacc.2017.04.041

Huang, Z. H,, Nan, C., Wang, H. Q,, Su, Q., Xue, W. D., Chen, Y. Y., et al. (2016).
Crocetin ester improves myocardial ischemia via Rho/ROCK/NF-kB pathway.
Int. Immunopharmacol. 38, 186-193. doi: 10.1016/j.intimp.2016.05.025

Huang, G. Q., Huang, X. F,, Liu, M., Hua, Y., Deng, B., Jin, W., et al. (2018).
Secoisolariciresinol diglucoside prevents the oxidative stress-induced apoptosis
of myocardial cells through activation of the JAK2/STATS3 signaling pathway.
Int. J. Mol. Med. 41, 3570-3576. doi: 10.3892/ijmm.2018.3560

Ji, Y. S, Wang, T. Q,, Zhang, X. T, Li, L. L, Li, L, Guo, Y. S, et al. (2018).
Astragalosides increase the cardiac diastolic function and regulate the
“Calcium sensing receptor-protein kinase C-protein phosphatase 1” pathway
in rats with heart failure. Biomed. Pharmacother. 103, 838-843. doi: 10.1016/
j.biopha.2018.04.111

Jiao, L. Y., and Liu, Y. (2017). Pharmacological study on the treatment of
hypertension and its cardiovascular effects by Tianma Goutengyin. World
Latest Med. Inf. 17, 62-63. doi: 10.19613/j.cnki.1671-3141.2017.68.026

Jin, Y. C., Kim, C. W, Kim, Y. M., Nizamutdinova, I. T., Ha, Y. M., Seo, H. G., et al.
(2009). Cryptotanshinone, a lipophilic compound of Salvia miltiorrriza root,
inhibits TNF-alpha-induced expression of adhesion molecules in HUVEC and
attenuates rat myocardial ischemia/reperfusion injury in vivo. Eur. J.
Pharmacol. 614, 91-97. doi: 10.1016/j.ejphar.2009.04.038

Jing, Y., Cai, D. F., Chen, Q., Xiong, Q. P, Hu, T. H,, Yao, Y., et al. (2017). Liuwei
Dihuang soft capsules attenuates endothelial cell apoptosis to prevent
atherosclerosis through GPR30-mediated regulation in ovariectomized
ApoE-deficient mice. J. Ethnopharmacol. 208, 185-198. doi: 10.1016/
j.jep.2017.06.052

Kang, H., Ku, S. K,, Jung, B., and Bae, J. S. (2015). Anti-inflammatory effects of
vicenin-2 and scolymoside in vitro and in vivo. Inflamm. Res. 64, 1005-1021.
doi: 10.1007/s00011-015-0886-x

Kong, L. Y., and Tan, R. X. (2015). Artemisinin, a miracle of traditional Chinese
medicine. Nat. Prod. Rep. 32, 1617-1621. doi: 10.1039/c5np00133a

Lee, T. M,, Lin, S. Z., and Chang, N. C. (2014). Antiarrhythmic effect of lithium in
rats after myocardial infarction by activation of Nrf2/HO-1 signaling. Free
Radic. Biol. Med. 77, 71-81. doi: 10.1016/j.freeradbiomed.2014.08.022

Li, C. Y., Zhou, Q,, Yang, L. C,, Chen, Y. H,, Hou, J. W,, Guo, K, et al. (2016).
Dual-specificity phosphatase 14 protects the heart from aortic banding-
induced cardiac hypertrophy and dysfunction through inactivation of TAKI-
P38MAPK/-JNK1/2 signaling pathway. Basic Res. Cardiol. 111, 19. doi:
10.1007/s00395-016-0536-7

Li, G. Y., Zhang, Y. X,, Liu, X. Y., and Wu, H. Q. (2017). Qian yi ge gen tang zai zhi
liao xin xue guan ji bing zhong de ying yong (Discussion on the clinical
application of Gegen Decoction in the treatment of cardiovascular diseases).
Sci. Technol. Innov. 23, 43-44.

Li, C, Zhang, Y., Wang, Q. Y., Meng, H., Zhang, Q., Wu, Y., et al. (2018a). Dragon’s
Blood exerts cardio-protection against myocardial injury through PI3K-AKT-
mTOR signaling pathway in acute myocardial infarction mice model. J.
Ethnopharmacol. 227, 279-289. doi: 10.1016/j.jep.2018.09.010

Li, D. J, Wang, X. L, Huang, Q., Li, S., Zhou, Y., Li, Z. B, et al. (2018b).
Cardioprotection of CAPE-oNO against myocardial ischemia/reperfusion
induced ROS generation via regulating the SIRT1/eNOS/NF-«B pathway in
vivo and in vitro. Redox Biol. 15, 62-73. doi: 10.1016/j.redox.2017.11.023

Li, X., Wu, D., and Tian, Y. (2018c). Fibroblast growth factor 19 protects the heart
from oxidative stress-induced diabetic cardiomyopathy via activation of

Frontiers in Pharmacology | www.frontiersin.org

January 2020 | Volume 10 | Article 1564


https://doi.org/10.1016/j.biopha.2018.07.126
https://doi.org/10.1016/j.trsl.2018.04.004
https://doi.org/10.1016/j.jphs.2017.11.009
https://doi.org/10.1016/j.biopha.2017.08.102
https://doi.org/10.1016/j.biopha.2017.08.102
https://doi.org/10.1093/cvr/cvx001
https://doi.org/10.1089/jmf.2016.3856
https://doi.org/10.1177/0748233712442735
https://doi.org/10.1155/2017/9536148
https://doi.org/10.1155/2017/9536148
https://doi.org/10.1142/S0192415X17500057
https://doi.org/10.1142/S0192415X17500057
https://doi.org/10.16448/j.cjtcm.1999.04.075
https://doi.org/10.1371/journal.pone.0066234
https://doi.org/10.13194/j.jlunivtcm.2011.01.214.feiy.018
https://doi.org/10.13194/j.jlunivtcm.2011.01.214.feiy.018
https://doi.org/10.1016/j.lfs.2018.04.048
https://doi.org/10.1016/j.bbrc.2018.06.171
https://doi.org/10.1093/eurjhf/hfq102
https://doi.org/10.1152/ajpheart.00271.2011
https://doi.org/10.1016/j.pharmthera.2017.03.005
https://doi.org/10.1016/j.jacc.2017.04.041
https://doi.org/10.1016/j.jacc.2017.04.041
https://doi.org/10.1016/j.intimp.2016.05.025
https://doi.org/10.3892/ijmm.2018.3560
https://doi.org/10.1016/j.biopha.2018.04.111
https://doi.org/10.1016/j.biopha.2018.04.111
https://doi.org/10.19613/j.cnki.1671-3141.2017.68.026
https://doi.org/10.1016/j.ejphar.2009.04.038
https://doi.org/10.1016/j.jep.2017.06.052
https://doi.org/10.1016/j.jep.2017.06.052
https://doi.org/10.1007/s00011-015-0886-x
https://doi.org/10.1039/c5np00133a
https://doi.org/10.1016/j.freeradbiomed.2014.08.022
https://doi.org/10.1007/s00395-016-0536-7
https://doi.org/10.1016/j.jep.2018.09.010
https://doi.org/10.1016/j.redox.2017.11.023
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Guo et al.

CPSD

AMPK/Nrf2/HO-1 pathway. Biochem. Biophys. Res. Commun. 502, 62-68. doi:
10.1016/j.bbrc.2018.05.121

Lian, H.,, Ma, Y. W,, Feng, J., Dong, W., Yang, Q., Lu, D,, et al. (2012). Heparin-
binding EGF-like growth factor induces heart interstitial fibrosis via an Akt/
mTor/p70s6k pathway. PLoS One 7, e44946. doi: 10.1371/journal.
pone.0044946

Lin, P, Qin, Z. F,, Yao, Z. H,, Wang, L., Zhang, W. Y., Yu, Y,, et al. (2018).
Metabolites profile of Gualou Xiebai Baijiu decoction (a classical traditional
Chinese medicine prescription) in rats by ultra-performance liquid
chromatography coupled with quadrupole time-of-flight tandem mass
spectrometry. J. Chromatogr. B Analyt. Technol. Biomed. Life. Sci. 1085, 72—
88. doi: 10.1016/j.jchromb.2018.04.001

Liu, S. Y., Duan, X. C, Jin, S., Teng, X., Xiao, L., Xue, H. M, et al. (2017). Hydrogen
Sulfide Improves Myocardial Remodeling via Downregulated Angiotensin II/
ATIR Pathway in Renovascular Hypertensive Rats. Am. . Hypertens. 30, 67—
74. doi: 10.1093/ajh/hpw104

Liu, M. J,, Li, Y., Liang, B, Li, Z. N,, Jiang, Z. T., Chu, C, et al. (2018). Hydrogen
sulfide attenuates myocardial fibrosis in diabetic rats through the JAK/STAT
signaling pathway. Int. J. Mol. Med. 41, 1867-1876. doi: 10.3892/
ijmm.2018.3419

Lu, B. Y., Ye, Z. Z., Deng, Y. B, Wu, H. F,, and Feng, J. Q. (2010). MEK/ERK
pathway mediates cytoprotection of salvianolic acid B against oxidative stress-
induced apoptosis in rat bone marrow stem cells. Cell. Biol. Int. 34, 1063-1068.
doi: 10.1042/CBI20090126

Luan, Y., Sun, C,, Wang, ], Jiang, W., Xin, Q., Zhang, Z. H,, et al. (2019). Baicalin
attenuates myocardial ischemia-reperfusion injury through Akt/NF-xB
pathway. J. Cell. Biochem. 120, 3212-3219. doi: 10.1002/jcb.27587

Ma, C. Y., and Lu, S. (2011). Application of classical prescriptions in
cardiovascular diseases. J. Liaoning Univ. Tradit. Chin. Med. 13, 98-100. doi:
10.13194/j.jlunivtcm.2011.01.100.machy.039

Mao, S., Wang, L., Ouyang, W. W., Zhou, Y. S., Qi, J. Y., Guo, L. H,, et al. (2016).
Traditional Chinese medicine, Danlou tablets alleviate adverse left ventricular
remodeling after myocardial infarction: results of a double-blind, randomized,
placebo-controlled, pilot study. BMC Complement Altern. Med. 16, 447-484.
doi: 10.1186/512906-016-1406-4

Pan, C. S, Loy, L. X,, Huo, Y. Q,, Singh, G., Chen, M., Zhang, D. M., et al. (2011).
Salvianolic acid B and tanshinone IIA attenuate myocardial ischemia injury in
mice by NO production through multiple pathways. Ther. Adv. Cardiovasc.
Dis. 5, 99-111. doi: 10.1177/1753944710396538

Panda, S., Biswas, S., and Kar, A. (2013). Trigonelline isolated from fenugreek seed
protects against isoproterenol-induced myocardial injury through down-
regulation of Hsp27 and aB-crystallin. Nutrition 29, 1395-1403. doi:
10.1016/j.nut.2013.05.006

Pei, H. F,, Du, ], Song, X. F., He, L., Zhang, Y. F,, Li, X. C,, et al. (2016). Melatonin
prevents adverse myocardial infarction remodeling via Notch1/Mfn2 pathway.
Free Radic. Biol. Med. 97, 408-417. doi: 10.1016/j.freeradbiomed.2016.06.015

Qian, J., Zhao, X. P, Wang, W. T., Zhang, S. J., Hong, Z. P., Chen, X. L, et al.
(2018a). Transcriptomic study reveals recovery of impaired Astrocytes
Contribute to neuroprotective effects of Danhong injection against cerebral
Ischemia/Reperfusion-induced injury. Front. Pharmacol. 9, 250-261. doi:
10.3389/fphar.2018.00250

Qian, W. C,, Yu, D. S,, Zhang, J., Hu, Q. Y., Tang, C. E,, Liu, P. Y., et al. (2018b).
Wogonin attenuates isoprenaline-induced myocardial hypertrophy in mice by
suppressing the PI3K/Akt pathway. Front. Pharmacol. 9, 896. doi: 10.3389/
fphar.2018.00896

Qin, L., Zhao, Y., Zhang, B., and Li, Y. (2018). Amentoflavone improves
cardiovascular dysfunction and metabolic abnormalities in high fructose and
fat diet-fed rats. Food. Funct. 9, 243-252. doi: 10.1039/c7f001095h

Qiu, Y., Wu, Y. C, Meng, M., Luo, M., Zhao, H. M., Sun, H,, et al. (2018).
GYY4137 protects against myocardial ischemia/reperfusion injury via
activation of the PHLPP-1/Akt/Nrf2 signaling pathway in diabetic mice.
J. Surg. Res. 225, 29-39. doi: 10.1016/.js5.2017.12.030

Qu, H. Y., Wang, Y., Wang, Y. J,, Yang, T., Feng, Z., Qu, Y., et al. (2017). Luhong
formula inhibits myocardial fibrosis in a paracrine manner by activating the
gp130/JAK2/STAT3 pathway in cardiomyocytes. J. Ethnopharmacol. 202, 28—
37. doi: 10.1016/j.jep.2017.01.033

Roslan, J., Giribabu, N., Karim, K., and Salleh, N. (2017). Quercetin ameliorates
oxidative stress, inflammation and apoptosis in the heart of streptozotocin-

nicotinamide-induced adult male diabetic rats. Biomed. Pharmacother. 86,
570-582. doi: 10.1016/j.biopha.2016.12.044

Su, Q, Lv, X. W, Sun, Y. H,, Ye, Z. L., Kong, B. H,, and Qin, Z. B. (2018). Role of
TLR4/MyD88/NF-xB signaling pathway in coronary microembolization-
induced myocardial injury prevented and treated with nicorandil. Biomed.
Pharmacother. 106, 776-784. doi: 10.1016/j.biopha.2018.07.014

Sun, L. J., Zheng, X. K., and Hao, C. Y. (2012). Multicentre clinical research of
Yigifumai Injection in treatment of coronary heart disease heart failure. China
Modern Med. 19, 7-10. doi: 1674-4721(2012)06(b)-0007-04

Sun, Y. L., Huang, J., and Song, K. P. (2015). BET protein inhibition mitigates
acute myocardial infarction damage in rats via the TLR4/TRAF6/NF-xB
pathway. Exp. Ther. Med. 10, 2319-2324. doi: 10.3892/etm.2015.2789

Sunagawa, Y., Morimoto, T., Wada, H., Takaya, T., Katanasaka, Y., Kawamura, T.,
et al. (2011). A natural p300-specific histone acetyltransferase inhibitor,
curcumin, in addition to angiotensin-converting enzyme inhibitor, exerts
beneficial effects on left ventricular systolic function after myocardial
infarction in rats. Circ. J. 75, 2151-2159. doi: 10.1253/circj.CJ-10-1072

Tang, Y. L., and Chan, S. W. (2014). A review of the pharmacological effects of
piceatannol on cardiovascular diseases. Phytother. Res. 28, 1581-1588. doi:
10.1002/ptr.5185

Torina, A. G., Reichert, K, Lima, F., de Souza Vilarinho, K. A., de Oliveira, P. P.,
do Carmo, H. R,, et al. (2015). Diacerein improves left ventricular remodeling
and cardiac function by reducing the inflammatory response after myocardial
infarction. PLoS One 10, €0121842. doi: 10.1371/journal.pone.0121842

Tsai, C. C., Wu, H. H,, Chang, C. P,, Lin, C. H,, and Yang, H. H. (2019). Calycosin-
7-O-B-D-glucoside reduces myocardial injury in heat stroke rats. J. Formos.
Med. Assoc. 118, 730-738. doi: 10.1016/j.jfma.2018.08.024

Wang, L. P, Yang, X. H,, Wang, X. ], Li, S. M., Sun, N., and Zhang, T. (2016).
Erythropoietin decreases the occurrence of myocardial fibrosis by inhibiting
the NADPH-ERK-NF-xB pathway. Cardiology 133, 97-108. doi: 10.1159/
000440995

Wang, C,, Du, H. S, Hou, J. Q,, Yan, S. S, Yang, J. ], Wang, Y., et al. (2018a).
Chaihulonggumulitang shows psycho-cardiology therapeutic effects on
acute myocardial infarction by enhancing bone marrow mesenchymal
stem cells mobilization. Sci. Rep. 8, 3724-3735. doi: 10.1038/s41598-018-
21789-w

Wang, J., Wu, M. L, Cao, S. P., Cai, H., Zhao, Z. M., and Song, Y. H. (2018b).
Cycloastragenol ameliorates experimental heart damage in rats by promoting
myocardial autophagy via inhibition of AKT1-RPS6KBI1 signaling. Biomed.
Pharmacother. 107, 1074-1081. doi: 10.1016/j.biopha.2018.08.016

Wang, L. F,, Huang, C. C, Xiao, Y. F,, Guan, X. H,, Wang, X. N, Cao, Q,, et al.
(2018c). CD38 deficiency protects heart from high fat diet-induced oxidative
stress via activating Sirt3/FOXO3 pathway. Cell. Physiol. Biochem. 48, 2350
2363. doi: 10.1159/000492651

Wang, Y. Z., and Wu, X. M. (2018d). SMOCI silencing suppresses the angiotensin
1I-induced myocardial fibrosis of mouse myocardial fibroblasts via affecting the
BMP2/Smad pathway. Oncol. Lett. 16, 2903-2910. doi: 10.3892/01.2018.8989

Wei, X. Q., Zhang, H. S., Wei, G. H,, Zhang, J. G, Du, Y. Y,, Tan, H. Y,, et al.
(2018). Honokiol protects against anti-1-adrenergic receptor autoantibody-
induced myocardial dysfunction via activation of autophagy. Oxid. Med. Cell.
Longev. 2018, 1640804. doi: 10.1155/2018/1640804

Wu, H.,, Luo, D,, Li, C. X,, Zhang, H., Shunxian, A., Zhang, Y. X,, et al. (2018).
Chicoric acid improves heart and blood responses to hypobaric hypoxia in
Tibetan Yaks. Am. J. Chin. Med. 46, 339-355. doi: 10.1142/S0192415
X18500179

Xu, Q. H,, Bauer, R,, Hendry, B. M., Fan, T. P,, Zhao, Z. Z., Duez, P., et al. (2013).
The quest for modernisation of traditional Chinese medicine. BMC.
Complement Altern. Med. 13, 132-142. doi: 10.1186/1472-6882-13-132

Xu, L., Jiang, X. J., Wei, F,, and Zhu, H. L. (2018). Leonurine protects cardiac
function following acute myocardial infarction through anti—apoptosis by the
PI3K/AKT/GSK3p signaling pathway. Mol. Med. Rep. 18, 1582-1590. doi:
10.3892/mmr.2018.9084

Xue, R. Q., Sun, L, Yu, X. J, Li, D. L, and Zang, W. J. (2017). Vagal nerve
stimulation improves mitochondrial dynamics via an M receptor/CaMKKp/
AMPK pathway in isoproterenol-induced myocardial ischaemia. J. Cell. Mol.
Med. 21, 58-71. doi: 10.1111/jcmm.12938

Yang, D, Jin, C. N., Ma, H., Huang, M. Y., Shi, G. P, Wang, J. N,, et al. (2016).
EphrinB2/EphB4 pathway in postnatal angiogenesis: a potential therapeutic

Frontiers in Pharmacology | www.frontiersin.org

January 2020 | Volume 10 | Article 1564


https://doi.org/10.1016/j.bbrc.2018.05.121
https://doi.org/10.1371/journal.pone.0044946
https://doi.org/10.1371/journal.pone.0044946
https://doi.org/10.1016/j.jchromb.2018.04.001
https://doi.org/10.1093/ajh/hpw104
https://doi.org/10.3892/ijmm.2018.3419
https://doi.org/10.3892/ijmm.2018.3419
https://doi.org/10.1042/CBI20090126
https://doi.org/10.1002/jcb.27587
https://doi.org/10.13194/j.jlunivtcm.2011.01.100.machy.039
https://doi.org/10.1186/s12906-016-1406-4
https://doi.org/10.1177/1753944710396538
https://doi.org/10.1016/j.nut.2013.05.006
https://doi.org/10.1016/j.freeradbiomed.2016.06.015
https://doi.org/10.3389/fphar.2018.00250
https://doi.org/10.3389/fphar.2018.00896
https://doi.org/10.3389/fphar.2018.00896
https://doi.org/10.1039/c7fo01095h
https://doi.org/10.1016/j.jss.2017.12.030
https://doi.org/10.1016/j.jep.2017.01.033
https://doi.org/10.1016/j.biopha.2016.12.044
https://doi.org/10.1016/j.biopha.2018.07.014
https://doi.org/1674-4721(2012)06(b)-0007-04
https://doi.org/10.3892/etm.2015.2789
https://doi.org/10.1253/circj.CJ-10-1072
https://doi.org/10.1002/ptr.5185
https://doi.org/10.1371/journal.pone.0121842
https://doi.org/10.1016/j.jfma.2018.08.024
https://doi.org/10.1159/000440995
https://doi.org/10.1159/000440995
https://doi.org/10.1038/s41598-018-21789-w
https://doi.org/10.1038/s41598-018-21789-w
https://doi.org/10.1016/j.biopha.2018.08.016
https://doi.org/10.1159/000492651
https://doi.org/10.3892/ol.2018.8989
https://doi.org/10.1155/2018/1640804
https://doi.org/10.1142/S0192415X18500179
https://doi.org/10.1142/S0192415X18500179
https://doi.org/10.1186/1472-6882-13-132
https://doi.org/10.3892/mmr.2018.9084
https://doi.org/10.1111/jcmm.12938
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Guo et al.

CPSD

target for ischemic cardiovascular disease. Angiogenesis 19, 297-309. doi:
10.1007/s10456-016-9514-9

Yang, J., Shi, Y. F,, Chen, H., Wang, X,, Chen, Y. J., and Yang, B. (2017a).
Glycyrrhizic acid attenuates myocardial injury: Involvement of RIP140/NF-kB
Pathway. Biomed. Pharmacother. 95, 62-67. doi: 10.1016/j.biopha.2017.08.031

Yang, Y., Tian, Y. S, Hu, S. Y., Bi, S. X, Li, S. X,, Hu, Y. ], et al. (2017). Extract of
Sheng-Mai-San Ameliorates Myocardial Ischemia-Induced Heart Failure by
Modulating Ca-Calcineurin-Mediated Drpl Signaling Pathways. Int. J. Mol.
Sci. 18, 1825. doi: 10.3390/ijms18091825

Yao,]., Ke, J., Zhou, Z., Tan, G., Yin, Y., Liu, M,, et al. (2019). Combination of HGF
and IGF-1 promotes connexin 43 expression and improves ventricular
arrhythmia after myocardial infarction through activating the MAPK/ERK
and MAPK/p38 signaling pathways in a rat model. Cardiovasc. Diagn. Ther. 9,
346-354. doi: 10.21037/cdt.2019.07.12

Yin, J., Wang, Y., Hu, H. S, Li, X. L., Xue, M., Cheng, W. ], et al. (2017). P2X
receptor inhibition attenuated sympathetic nerve sprouting after myocardial
infarction via the NLRP3/IL-1f pathway. J. Cell. Mol. Med. 21, 2695-2710. doi:
10.1111/jcmm.13185

Yu, D. S, Li, M. W,, Tian, Y. Q,, Liu, J., and Shang, J. (2015). Luteolin inhibits
ROS-activated MAPK pathway in myocardial ischemia/reperfusion injury.
Life. Sci. 122, 15-25. doi: 10.1016/;.1fs.2014.11.014

Yu, L. M., Gong, B., Duan, W. X, Fan, C. X,, Zhang, J., Li, Z,, et al. (2017).
Melatonin ameliorates myocardial ischemia/reperfusion injury in type 1
diabetic rats by preserving mitochondrial function: role of AMPK-PGC-1ai-
SIRT3 signaling. Sci. Rep. 7, 41337. doi: 10.1038/srep41337

Zhang, P. Y., Liu, X. C,, Huang, G. T., Bai, C. Y., Zhang, Z. L., and Li, H. J. (2017).
Barbaloin pretreatment attenuates myocardial ischemia-reperfusion injury via
activation of AMPK. Biochem. Biophys. Res. Commun. 490, 1215-1220. doi:
10.1016/j.bbrc.2017.06.188

Zhang, B, Zhai, M. G, Li, B. Y, Liu, Z. H,, Li, K. F,, Jiang, L. Q,, et al. (2018a).
Honokiol ameliorates myocardial ischemia/reperfusion injury in type 1
diabetic rats by reducing oxidative stress and apoptosis through activating
the SIRT1-Nrf2 signaling pathway. Oxid. Med. Cell. Longev. 2018, 3159801.
doi: 10.1155/2018/3159801

Zhang, R., Han, D,, Li, Z. Y., Shen, C. W,, Zhang, Y. H,, Li, J,, et al. (2018b).
Ginkgolide C alleviates myocardial ischemia/reperfusion-induced
inflammatory injury via inhibition of CD40-NF-xB pathway. Front.
Pharmacol. 9, 109. doi: 10.3389/fphar.2018.00109

Zhao, H. L., Wu, B. Q,, Luo, Y., Zhang, W. Y., Hao, Y. L., Liang, J. J., et al. (2018).
Exogenous hydrogen sulfide ameliorates high glucose-induced myocardial
injury & inflammation via the CIRP-MAPK signaling pathway in H9c2
cardiac cells. Life. Sci. 208, 315-324. doi: 10.1016/j.1f5.2018.05.051

Zhu, M. L, Yin, Y. L, Ping, S.,, Yu, H. Y., Wan, G. R, Jian, X,, et al. (2017).
Berberine promotes ischemia-induced angiogenesis in mice heart via
upregulation of microRNA-29b. Clin. Exp. Hypertens. 39, 672-679. doi:
10.1080/10641963.2017.1313853

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Guo, Jiang, Li, Kurihara, Dai and He. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, pro-
vided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org

January 2020 | Volume 10 | Article 1564


https://doi.org/10.1007/s10456-016-9514-9
https://doi.org/10.1016/j.biopha.2017.08.031
https://doi.org/10.3390/ijms18091825
https://doi.org/10.21037/cdt.2019.07.12
https://doi.org/10.1111/jcmm.13185
https://doi.org/10.1016/j.lfs.2014.11.014
https://doi.org/10.1038/srep41337
https://doi.org/10.1016/j.bbrc.2017.06.188
https://doi.org/10.1155/2018/3159801
https://doi.org/10.3389/fphar.2018.00109
https://doi.org/10.1016/j.lfs.2018.05.051
https://doi.org/10.1080/10641963.2017.1313853
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Clinical Prescription-Protein-Small Molecule-Disease Strategy (CPSD), A�New Strategy for Chinese Medicine Development: A Case Study in Cardiovascular Diseases
	Introduction
	C: CCCP Against Cardiovascular Diseases
	CCCP Against Myocardial Ischemia
	CCCP Against Myocardial Infarction
	CCCP Against Coronary Heart Disease
	CCCP Against Arrhythmia
	CCCP Against Hypertension

	P: Proteins or Pathways Associated With Cardiovascular Diseases
	PI3K-AKT and Related Pathways
	AMPK/FOXO and Related Pathways
	Other Pathways

	S: CMM-Derived Small-Molecule Compounds/Drugs Against Cardiovascular Diseases
	CPSD in the Development of Cardiovascular Disease Drugs

	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


