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Abstract

Background: This study aimed to identify the key genes and KEGG pathways in Carthamus tinctorius L. (Safflower)
and Salvia miltiorrhiza Burge. (Salvia) for the treatment of cardio-cerebrovascular disease, and to explore their
potential molecular mechanisms.

Methods: Compounds and targets in Safflower and Salvia were retrieved from Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP). We obtained targets of myocardial infarction (M)
and cerebral infarction (Cl) data from Therapeutic Target Database (TTD), Drugbank and DisGeNET datasets. The
network of Safflower, Salvia, Cl and Ml was established and then executing, and Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO) analyses of the functional characteristics were performed. The Chinese
herbal prescription and target for Cl and Ml were obtained by searching in the database. Finally, the main pathways
of Salvia and Safflower in Chinese patent medicines were analyzed. The MCAO model was established in rats, and
compatibility of salvia with safflower was experimentally verified.

Results: We obtained a total of 247 genes targeted by 52 compounds from Safflower and 119 genes targeted by
48 compounds from Salvia. In total, we identified 299 known therapeutic targets for the treatment of Cl and 960
targets for the treatment MI. There are 23 common targets for Salvia, Safflower, MI, and Cl. A total of 85 KEGG
pathways were also enriched and intersected with the pathway of proprietary Chinese medicine to yield 25 main
pathways. Safflower and Salvia have the best therapeutic effect in MCAOQ.

Conclusion: We identified gene lists for Safflower and Salvia in Cl and MI. Bioinformatics and interaction analyses
may provide new insight into the treatment of cardio-cerebrovascular diseases with Safflower and Salvia.
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Background

Carthamus tinctorius L. (Safflower) is a traditional Chin-
ese medicine (TCM) used to promote blood circulation
and remove blood stasis. There are many compounds in
Safflower, including pigments, flavonoids, alkaloids, and
organic acids, among others [1]. Among such compounds,
Safflower yellow A and kaempferol are quality control in-
dicators and also the main active compounds [2].
Safflower has multiple pharmacological activities that
affect cardiovascular, cerebrovascular, circulatory, nervous,
and immune systems, as well as anti-oxidant and anti-
aging activities [3].

Salvia miltiorrhiza Burge. (Salvia) is a Chinese medi-
cine that has a wide range of cardiovascular and
cerebrovascular-protective activities [4]. The published
literature indicates that the lipophilic components of Sal-
via include tanshinone I, tanshinone IIA, tanshinone IIB,
cryptotanshinone, and dihydrotanshinone. The hydro-
philic components include Danshensu, salvianolic acids
A and B, and protocatechuic aldehyde [5, 6]. As a repre-
sentative of Chinese medicine for cardio-cerebrovascular
disease, Salvia has significant effects on myocardial pro-
tection, anti-atherosclerosis, anti-thrombosis, and micro-
circulation improvement. From in-depth studies of the
pharmacological effects of Salvia, it has been found that
it not only plays a protective role in the cardiovascular,
but also plays a protective role in the nervous and di-
gestive systems, which provide a theoretical basis for
expanding its clinical use [7, 8].

Cardiovascular and cerebrovascular diseases are common
in the clinic. Modern medicine holds that there is a close re-
lationship between the heart and brain, which coordinate
each other’s functions through nerve reflexes and humoral
regulation. In clinical practice, atherosclerosis is often the
common pathological basis of cardiovascular and cerebrovas-
cular diseases. Hypertension, hyperlipidemia, smoking, and
other risk factors of atherosclerosis and abnormal hemor-
heology also impact cardiovascular and cerebrovascular dis-
eases. Therefore, lipid-lowering, blood pressure-controlling,
blood viscosity-lowering drugs, and the rational use of drugs
that not only treat cardiovascular and cerebrovascular, but
also treat the two diseases simultaneously are needed [9].
Based on the holistic view of Chinese medicine, and guided
by the theory of “treating the heart and brain together,” it is
useful for Chinese medicine to leverage its advantages of
imparting multiple approaches with multiple targets for the
treatment and prevention of cardiovascular and cerebrovas-
cular diseases [10, 11].

Safflower and Salvia are compatible and commonly
paired in modern traditional Chinese medicine pre-
scriptions. The two drugs function to activate blood
circulation, remove blood stasis, and dredge collateral
circulation in TCM theory. Both Safflower and Salvia
have been used clinically for hundreds of years and
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remain popular. Therefore, it is necessary to identify
the mechanisms by which Salvia and Safflower treat
cerebral infarction (CI) and myocardial infarction
(MI).

Studies have shown that the compatibility of Safflower
with the main components of Salvia had therapeutic ef-
fects on MI [12]. The combination of water-soluble com-
ponents of Safflower and Salvia was more effective in
treating platelet aggregation and thrombosis induced by
ischemia-reperfusion injury in the myocardium and cere-
bral ischemia-reperfusion injury in rats than either Salvia
or Safflower alone [13]. The effective fractions of Safflower
and Salvia extracts (salvianolic acid and Safflower yellow
pigment) were made compatible by optimizing the com-
ponents of traditional Chinese medicine and effectively
alleviated myocardial injury, inhibited thrombosis, and
protected and improve myocardial ischemia in rats with
myocardial ischemia and reperfusion [14].

Currently, there are many Chinese patent medicines
compatible with Safflower and Salvia [15]. The compati-
bility application of Safflower and Salvia being used
mostly in modern prescriptions and rare in ancient pre-
scriptions. Due to those problems, a proprietary Chinese
medicine approach containing Safflower and Salvia was
assessed using bibliometrics [15]. Multiple Chinese pa-
tent medicines exist, including Xin Naokang capsules, Le
Mai granules, Li Nao Xin capsules, Huoxue Tongmai
tablets, Danhong dripping solutions, and Guan Xin Jing
capsules, among others [16].

Recently, the development of network pharmacology
has provided a new approach to investigate the compati-
bility of TCM compounds and TCM. This study aimed
to explore the mechanisms of Safflower and Salvia com-
pounds for the treatment of MI and CI using network
pharmacology (Fig. 1).

Methods

Data preparation

Construction of the chemical information database for
salvia and safflower

The molecular information of the main components of Salvia
and Safflower was obtained by searching the TCMSP data-
base (http://Isp.nwu.edu.cn/tcmsp.php). TCMSP is a unique
pharmacology platform for Chinese herbal medicines that
capture the relationships between drugs, targets, and dis-
eases. The database includes chemicals, targets, and drug-
target networks, as well as associated with drug-target-
disease networks and the pharmacokinetics properties for
natural compounds with oral bioavailability, drug-likeness,
intestinal epithelial permeability, blood-brain-barrier, and
aqueous solubility. This breakthrough has sparked new inter-
est in the search for candidate drugs from various types of
traditional Chinese herbs.
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Fig. 1 Workflow for Salvia and Safflower co-treatment of Cl and MI. HH, Carthamus tinctorius L. DS, Salvia miltiorrhiza Burge. MI, myocardial infarction.

Known therapeutic drug targets for the treatment of Ml
and Cl

The known therapeutic targets of drugs used to treat CI
and MI were acquired from two sources: the DrugBank
(http://www.drugbank.ca/, version 4.3) and the TTD
database (https://db.idrblab.org/ttd/, updated on Sep 15,
2017). Those databases provide information about
known and explored therapeutic proteins and nucleic
acid targets, target diseases, pathway information, and
the drugs directed at each of those targets. DisGeNET
(https://www.disgenet.org/) is a versatile platform that
can be used for different research purposes, including in-
vestigations of the molecular underpinnings of human
diseases and their comorbidities, analyses of the proper-
ties of disease genes, the generation of hypotheses on
the therapeutic actions and adverse effects of drugs, the

validation of computationally predicted disease genes,
and the evaluation of text-mining methods.

Prediction of putative targets of chemical composition

The chemical components of each prescription were col-
lected from BATMAN-TCM (http://bionet.ncpsb.org/bat-
man-tcm/). BATMAN-TCM (a Bioinformatics Analysis
Tool for Molecular mechANism of Traditional Chinese
Medicine) is the first online bioinformatics analysis tool
specifically designed for research into the molecular
mechanisms of TCM.

A drug similarity search tool, ChemMapper (http://
lilab.ecust.edu.cn/chemmapper/), was effective at rapidly
identifying all molecules with structural similarities, and
was used to identify known drugs that are structurally
similar to chemical components. The therapeutic targets
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of the drugs obtained from the DrugBank database were
considered as the putative drug targets.

Network construction and analysis

With the popularization of system biology, network
pharmacology based on big data has become an import-
ant method to analyze the action mechanism of complex
traditional Chinese medicine prescriptions. The disease-
target-drug network was constructed to understand the
associations between herbs and chemical compounds,
the putative targets of Safflower and Salvia, and the
known therapeutic targets for MI and CI. Network
visualization was performed using Cytoscape software
(version 3.2.1, USA). All node degrees of the network
were calculated at the same time.

Functional enrichment analysis

To make a better understanding of the underlying bio-
logical processes and pathways of the network, GO and
KEGG pathway analyses were performed using the clus-
terProfiler package [17] in R platform. Following this,
the R topGO package [18] was employed to reconstruct
the GO interaction network.

Preparation of extracts of salvia and safflower

Salvia was extracted with water at 80°C for 120 min.
After extracting twice, the liquid is combined and fil-
tered. The filtrate was vacuum concentration at 60 °C to
a relative density of 1.18 to 1.22 (refer to the concentra-
tion and drying process in Chinese Pharmacopoeia).
Then add ethanol to make it contain 70% alcohol, and
let it stand for 12h. After taking the supernatant, the
ethanol was recovered and concentrated into a thick
paste. The extract of Salvia was obtained by drying in a
vacuum drying box (the yield was 10%).

Safflower was extracted with water at 90 °C for 60 min.
After extracting twice, the liquid is combined and fil-
tered. The filtrate was concentrated to thick paste under
decompression at 60 °C (refer to the concentration and
drying process in Pharmacopoeia). The extract of Saf-
flower was obtained by drying in a vacuum drying box
(the yield was 35%).

The extract of Salvia and Safflower of the same quality
was mixed to form the Danhong compatibility group.

Animal experiment to verify the efficacy

Male Sprague-Dawley rats (250 +25g) were used and
supplied by the Xi'an Jiaotong University Medical
Laboratory Animal Center (Xi’an, China). The study was
approved by the Ethical Committee of the Shaanxi Uni-
versity of Chinese Medicine. After 1 week of feeding, 96
rats were randomly divided into 6 groups: Sham oper-
ation group, Model group, Nimodipine group, Danhong
injection group, Danhong compatibility group, Salvia
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extract group. In the Middle cerebral artery occlusion
(MCAO) model, the mortality rate was high, so each
group of experimental animals was set at 16 animals.
The dose of intranasal administration was 0.1 ml per rat.

On the 8th day, the MCAO model was used to estab-
lish the rat model of focal cerebral ischemia. The rats
were anesthetized with 10% chloral hydrate (3 mL/kg) by
intraperitoneal injection before Operation. After 2h of
cerebral ischemia and 3h of reperfusion, the neurobe-
havioral Longa score was used. The rats were anesthe-
tized with 1% Pentobarbital Sodium for euthanasia.
Blood was taken from the abdominal aorta of rats for 5
mL, and then decapitate the brain and weigh it. Tetra-
zole red (TTC) staining was used to determine the cere-
bral infarction rate. The whole brain of the rat was
placed in a small bottle containing neutral formalin. The
brain tissue was sliced and the morphology of the cells
was observed by hematoxylin-eosin staining.

T-test was used to evaluate the data of various indica-
tors and the statistical differences between the treatment
groups and the model group.

Results

Putative targets of safflower and salvia

We obtained a total of 189 constituent compounds from
Safflower and 202 constituent compounds from Salvia.
After screening using a TCMSP DL-score of more than
0.18, a total of 247 genes targeted with 52 compounds
such as Safflow-yellow-A, Carthamone, Kaempferol,
Rutin, Nicotiflorin, Luteolin, 6-hydroxykaempferol-3-O-
glucoside, Precarthamin, Safflomin-C, Hydroxysafflor-
yellow-A, Octacosane in Safflower were obtained. After
screening using a TCMSP drug-likeness (DL) score of
more than 0.18, an oral bioavailability (OB) score of
more than 30%, and a half-life (HL) of more than 4 h, a
total of 119 genes targeted with 48 compounds such as
Tanshinone II A, Tanshinone VI, Tanshindiol B, Dehy-
drotanshinone II A, 4-methylenemiltirone, Formyltanshi-
none, Danshenol A, Isotanshinone II, Miltionone I,
Prolithospermic acid in Salvia were obtained [19]. De-
tailed information on the constituent compounds for
each herb is provided in Table 1.

Known therapeutic drug targets for the treatment of Ml
and Cl

The known therapeutic targets for drugs used to treat MI
and CI were acquired from two sources. Human disease-
related genes were searched using the keywords “myocardial
infarction,” “cerebral infarction,” and “Homo sapiens.” In
total, we identified 316 known therapeutic targets for the
treatment of CI and 999 targets for the treatment of MI. De-
tailed information about those targets is provided in Table
S1. After removing redundant entries, 299 therapeutic targets
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Table 1 Characterization and details information in 52 safflower compounds and 48 salvia compounds. OB: oral bioavailability. DL:

drug-like
D Compound OB/% DL ID Compound OB/% DL
HH-01  Syrigin 1464 032 DS-01 1,256-tetrahydrotanshinone 3875 036
HH-02  Pyrethrin I 4836 035 DS-02 Poriferasterol 4383 076
HH-03 VIV 1426 055 DS-03 Poriferast-5-en-3beta-ol 3691 075
HH-04  Gamma-Tocotrienol 203 053 DS-04 Sugiol 3611 028
HH-05 Rutin 32 068 DS-05 Dehydrotanshinone Il A 4376 04
HH-06  6-hydroxykaempferol-3-O-beta-D-glucoside 185 076 DS-06 Baicalin 40.12 075
HH-07  B-amyrin acetate 911 074 DS-07 Digallate 6185 0.26
HH-08  Nicotiflorin 364 073 DS-08 Luteolin 36.16  0.25
HH-09  (+)-Syringaresinol 329 072 DS-09 56-dihydroxy-7-isopropyl-1,1-dimethyl-2,3- 3377 029
dihydrophenanthren-4-one
HH-10  Baicalin 40.12 075 DS-10  2-isopropyl-8-methylphenanthrene-3,4-dione 4086 023
HH-11  6-Hydroxykaempferol 62.13 027 DS-11  3o-hydroxytanshinonella 4493 044
HH-12  Sitogluside 2063 062 DS-12  (E)-3-[2-(3/4-dihydroxyphenyl)-7-hydroxy- 4824 031
benzofuran-4-yllacrylic acid
HH-13  Astragalin 1403 074 DS-13  4-methylenemiltirone 3435 023
HH-14  Baicalein 3352 021 DS-14  2-(4-hydroxy-3-methoxyphenyl)-5- 6278 04
(3-hydroxypropyl)-7-methoxy-3-
benzofurancarboxaldehyde
HH-15  Luteolin 36.16 025 DS-15 Formyltanshinone 7344 042
HH-16  Arachic acid 1666 0.19 DS-16  3-beta-Hydroxymethyllenetanshiquinone 3216 041
HH-17  Kaempferol 41.88 024 DS-17 Methylenetanshinquinone 3707 036
HH-18  Apigenin 2306 021 DS-18 Przewaquinone B 6224 041
HH-19  Myricetin 1375 021 DS-19  Przewaquinone c 5574 04
HH-20  Scutellarein 1897 024 DS-20 (6S,7R)-6,7-dihydroxy-1,6-dimethyl-8,9-dihydro- 4131 045
7H-naphtho [8,7-g] benzofuran-10,11-dione
HH-21  Lupeol 12.12 078 DS-21  Przewaquinone f 4031 046
HH-22  Lignan 4332 065 DS-22 Sclareol 4367 021
HH-23  Nonacosanol 1057 043 DS-23 Tanshinaldehyde 5247 045
HH-24  Thymopentin 124 046 DS-24 Danshenol B 5795 056
HH-25 Beta-carotene 3718 058 DS-25 Danshenol A 5697 052
HH-26  Quercetin 4643 028 DS-26 Salvilenone 3038 038
HH-27  ADO 1598 0.18 DS-27 Cryptotanshinone 5234 04
HH-28  Fluoranthene 247 018 DS-28 Dan-shexinkum d 3888 0.55
HH-29 CLR 3787 068 DS-29 Danshenspiroketallactone 5043 031
HH-30  Poriferast-5-en-3beta-ol 3691 075 DS-30 Deoxyneocryptotanshinone 494 029
HH-31  Beta-sitosterol 3691 075 DS-31 Dihydrotanshinlactone 3868 032
HH-32  Stigmasterol 4383 076 DS-32 Dihydrotanshinonel 4504 036
HH-33  Vitamin-G 6.79 050 DS-33 Isocryptotanshi-none 5498 039
HH-34  Carthamone 593 063 DS-34 Isotanshinone |l 4992 04
HH-35 Quercetagetin 4501 031 DS-35 Manool 4504 02
HH-36  Hydroxysafflor-yellow-A 477 068 DS-36 Miltionone | 4968 032
HH-37  Amoenin A3 332 074 DS-37 Miltirone 3876  0.25
HH-38 Sesquiterpene 586 067 DS-38 Neocryptotanshinone Il 3946 023
HH-39  6-hydroxykaempferol-3-O-glucoside 197 076 DS-39 Neocryptotanshinone 5249 032
HH-40  7,8-dimethyl-1H-pyrimido[5,6-glquinoxaline-2,4-dione 4575 019 DS-40  1-methyl-8,9-dihydro-7H-naphtho [5,6-g] 3472 037
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Table 1 Characterization and details information in 52 safflower compounds and 48 salvia compounds. OB: oral bioavailability. DL:
drug-like (Continued)

D Compound OB/% DL ID Compound OB/% DL
benzofuran-6,10,11-trione
HH-41  5,8-dimethyltocol 1562 052 DS-41  Prolithospermic acid 64.37 031
HH-42  6-hydroxykaempferol-3,6-di-O-beta-D-glucoside 421 068 DS-42 Salvianolic acid j 4338 072
HH-43  Tagetiin 2834 078 DS-43  (65)-6-hydroxy-1-methyl-6-methylol-8,9- 7539 046
dihydro-7H-naphthol[8,7-glbenzofuran-10,
11-quinone
HH-44  Sophoraflavonoloside 53 0.71 DS-44  Tanshindiol B 4267 045
HH-45  Quercetin-3,7-di-O-beta-d-glucoside 586 067 DS-45 Przewaquinone E 4285 045
HH-46  Lirioresinol-A 176 067 DS-46 Tanshinone IIA 4989 04
HH-47  Precarthamin 22 067 DS-47  (65)-6-(hydroxymethyl)-1,6-dimethyl-8 9-dihydro- 6526 045
7H-naphtho[8,7-glbenzofuran-10,11-dione
HH-48 Carthamone 593 063 DS-48 Tanshinone VI 4564 03
HH-49  Octacosane 815 037 HH-51 Safflomin-C 557 066
HH-50  Safflomin-A 353 068 HH-52 Safflow-yellow-A 2716 0.70

for the treatment of CI and 960 targets for the treatment of
MI were used for data analysis.

Network construction and analysis

The network approach was applied to analyze Safflower
and Salvia compounds and their corresponding targets,
and to dissect the molecular mechanism of action of
such compounds, from a network modulation point of
view. Putative target networks were constructed to
understand the associations between herbs and com-
pounds in Safflower and Salvia, the putative targets of
Safflower and Salvia, and the known therapeutic targets
for MI and CL

Compound-target network for Cl and Mi
The network diagram is shown in Fig. 2.A total of 29 tar-
gets were identified in Cytoscape from the 299 Cl-related
targets, 247 Safflower-related targets, and 119 Salvia-
related targets (Fig. 2a). A total of 57 targets were also
identified from 960 MI-related targets, 247 Safflower-
related targets, and 119 Salvia-related targets (Fig. 2b).
The Venn graph can represent not only an independent
set, but also the relationship between the set and the set.
First of all, we use the Venn diagram to intersect the col-
lected targets of diseases and medicinal materials. The
central area of the picture is the intersection of the medi-
cinal material and the target. Twenty-three such targets
were common for MI and CI (Fig. 3), and were the focus
of the following analyses, including PTGS2, NR3C2, F2,
ESR1, PPARG, PIK3CG, VEGFA, MMP9, IL10, TNF, IL6,
CASP3, TP53, HMOX1, ICAM1, IL4, HGF, NOS3, NOS2,
F7, BCL2, CYP3A4, CYP1AL.

Functional enrichment analysis of safflower and salvia in
Ml and CI

To understand the mechanisms involved in the develop-
ment of MI and CI, the ClusterProfiler package in R was
used to execute KEGG and GO analyses of the func-
tional characteristics of Safflower and Salvia compounds
[14]. Eighty-five KEGG pathways were enriched. The top
20 most enriched pathways are listed in Table 2.Fluid
shear stress and atherosclerosis, the AGE-RAGE signal-
ing pathway in diabetic complications, the IL-17 signal-
ing pathway, malaria, the HIF-1 signaling pathway, the
TNF signaling pathway, toxoplasmosis, Kaposi sarcoma-
associated herpesvirus infection, proteoglycans in cancer,
and leishmaniasis were involved in the pathological de-
velopment of MI and CIL

GO analyses revealed 2193 enriched GO terms in the
“Biological Process (BP),” including responses to reactive
oxygen species, positive regulation of cell migration, re-
active oxygen species metabolic process, response to
oxygen levels, response to oxidative stress, leukocyte mi-
gration, response to hypoxia, regulation of smooth
muscle cell proliferation, smooth muscle cell prolifera-
tion, response to decreased oxygen levels, etc. (Table 3).
By analyzing Fig. 4, we can clearly see that PTGS2, TNF,
NOS3, IL6, BCL2, IL10, TP53, CASP3, HGF, and MMP9
are important hubs in the pathway.

GO analyses revealed 66 enriched GO terms in the
“Molecular Function (MF),” including heme binding, tet-
rapyrrole binding, oxidoreductase activity, growth factor
activity, cytokine receptor binding, receptor ligand activ-
ity, cytokine activity, monooxygenase activity, protease
binding, growth factor receptor binding, etc. (Table 4).
As shown in Fig. 5, combined with two network dia-
grams, we can see that PTGS2, NOS3, NOS2, CYP3A4,
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HMOX1, CYP1A1, IL10, IL6, IL4, and VEGFA play im-
portant roles in the pathway.

GO analyses revealed 10 enriched GO terms in the
“Cellular Component (CC),” including membrane raft,
membrane microdomain, membrane region, caveola,
plasma membrane raft, endoplasmic reticulum lumen,
platelet alpha granule lumen, external side of plasma
membrane, platelet alpha granule, Golgi lumen, etc.
(Table 5) In particular, PTGS2, NOS3, HMOX1, TNF,
ICAM1, and CASP3 are the most significant. (Fig. 6).

To reflect the relationship among those KEGG terms,
we reconstructed the GO interaction network using the
clusterProfiler package.

Pathways of Chinese patent medicine

We retrieved Chinese patent medicines including Salvia
and Safflower in the Pharmacopoeia of the People’s Re-
public of China and the National Standard of Chinese
Patent Medicines (Table 6). Three kinds of Chinese

patent medicines that simultaneously treat MI and CI
were identified, including the Xin NaoKang capsule, the
Le Mai granule, and the Huoxue Tongmai tablet. The
KEGG pathways for those Chinese patent medicines
were then found in BATMAN. The enriched KEGG
pathway of these four drugs in the treatment of cardio-
vascular and cerebrovascular diseases was intermingled
with the 85 KEGG pathways enriched by Salvia and saf-
flower. It was also determined that the pathways in-
cluded those in which Salvia and Safflower played a
major role in the proprietary Chinese medicines.

The results showed that among the four drugs, Salvia and
Safflower combined to treat MI and CI in 25 pathways
(Fig. 7) (Table 7).The first 10 paths with the most important
P values are as follows: HIF-1 signaling pathway, TNF signal-
ing pathway, PI3K-AKT signaling pathway, NF-«B signaling
pathway, Intestinal immune network for IgA production,
Apoptosis, Estrogen signaling pathway, VEGF signaling path-
way, P53 signaling pathway, JAK-STAT signaling pathway.
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Fig. 3 Venn diagram of common targets for Salvia and Safflower compounds in the treatment of Ml and Cl

Table 2 Top 20 enriched KEGG pathways of Safflower and Salvia compounds in Ml and Cl samples

Pathway names P value p.adjust qvalue count
Fluid shear stress and atherosclerosis 4.55E-09 7.19E-07 3.11E-07 8
AGE-RAGE signaling pathway in diabetic complications 1.19E-08 9.44E-07 4.09E-07 7
IL-17 signaling pathway 2.69E-07 1.20E-05 5.19E-06 6
Malaria 3.03E-07 1.20E-05 5.19E-06 5
HIF-1 signaling pathway 4.16E-07 1.31E-05 5.69E-06 6
TNF signaling pathway 732E-07 1.83E-05 7.93E-06 6
Toxoplasmosis 8.58E-07 1.83E-05 7.93E-06 6
Kaposi sarcoma-associated herpesvirus infection 9.27E-07 1.83E-05 7.93E-06 7
Proteoglycans in cancer 1.56E-06 2.75E-05 1.19E-05 7
Leishmaniasis 244E-06 3.85E-05 1.67E-05 5
Pertussis 2.78E-06 4.00E-05 1.73E-05 5
African trypanosomiasis 3.36E-06 4.33E-05 1.87E-05 4
Hepatitis B 3.56E-06 4.33E-05 1.87E-05 6
PI3K-Akt signaling pathway 6.16E-06 6.95E-05 3.01E-05 8
Small cell lung cancer 7.57E-06 7.97E-05 3.45E-05 5
Amoebiasis 8.84E-06 8.73E-05 3.78E-05 5
Tuberculosis 1.25E-05 0.000116364 5.04E-05 6
Amyotrophic lateral sclerosis (ALS) 1.55E-05 0.000136143 5.90E-05 4
MicroRNAs in cancer 2.16E-05 0.000179924 7.79E-05 7
Inflammatory bowel disease (IBD) 4.08E-05 0.000322609 0.000139704 4
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Description P value p.adjust qvalue count
Response to reactive oxygen species 1.00E-13 1.87E-10 6.09E-11 10
Positive regulation of cell migration 1.70E-13 1.87E-10 6.09E-11 12
Reactive oxygen species metabolic process 3.35E-13 2.21E-10 7.22E-11 10
Response to oxygen levels 403E-13 221E-10 7.22E-11 11
Response to oxidative stress 191E-12 8.36E-10 2.73E-10 1
Leukocyte migration 4.30E-12 1.57E-09 5.13E-10 11
Response to hypoxia 6.71E-12 1.84E-09 6.02E-10 10
Regulation of smooth muscle cell proliferation 6.73E-12 1.84E-09 6.02E-10 8
Smooth muscle cell proliferation 797E-12 1.84E-09 6.02E-10 8
Response to decreased oxygen levels 841E-12 1.84E-09 6.02E-10 10
Response to steroid hormone 2.24E-11 447E-09 1.46E-09 10
Epithelial cell apoptotic process 3.20E-11 5.86E-09 1.91E-09 7
Regulation of inflammatory response 3.67E-11 6.18E-09 2.02E-09 10
Cellular response to oxidative stress 4.54E-11 6.66E-09 2.17E-09 9
Reactive oxygen species biosynthetic process 4.55E-11 6.66E-09 2.17E-09 7
Response to antibiotic 146E-10 1.87E-08 6.10E-09 9
Response to lipopolysaccharide 1.50E-10 1.87E-08 6.10E-09 9
Muscle cell proliferation 1.53E-10 1.87E-08 6.10E-09 8
Negative regulation of apoptotic signaling pathway 1.65E-10 1.91E-08 6.23E-09 8
Cellular response to drug 2.12E-10 2.32E-08 7.57E-09 9

Pathomorphological observation of brain tissue in rats
Figure 8 is a pathological section of brain tissue with
focal cerebral ischemic injury in rats. The morphology of
the brain tissue cells in the sham-operated group was
normal.In the model group, more glial cell proliferation,
severe tissue edema, and severe inflammatory cell infil-
tration could be observed. In the brain tissue cells of the
administration group, only a small amount of glial cell
proliferation and mild tissue edema was observed.

Observation of the cell morphology of the brain tissue
showed that compared with the model group, the four
administration groups all had a certain relief effect on
the lesions, of which the nimodipine group and the Dan-
hong compatibility group had the best relief inhibition
effect.

Evaluation of neurobehavior and cerebral infarction rate
in rats

The results of the T-test showed that compared with the
sham operation group, the neurological deficit score
(P< 0.01) and cerebral infarction rate (P< 0.05) of the
model group were significantly increased, indicating that
the CI model was successful.

Compared with the model group, the scores of neuro-
logical deficits in the administration group was signifi-
cantly reduced. The neurological deficit score of
Danhong injection group was the lowest (P < 0.01), the

score of neurological deficit in Nimodipine group (P <
0.01) was lower than that in Danhong compatibility
group (P<0.05) and Salvia extract group (P<
0.05).(Fig. 9a).

The data of the cerebral infarction rate showed that
although there was no significant difference in the ef-
ficacy of each drug group, the data in the Danhong
compatible group was significantly reduced, indicating
that the Danhong compatible group was superior to
the Danhong injection group and the Danshen extrac-
tion group. (Fig. 9b).

Determination of indicators in rat serum

T-test results show that the levels of serum SOD, MDA,
GSH-PX and NOS were measured. As shown in Fig. 9,
levels of serum SOD and GSH-PX in the CI model
group was significantly decreased compared with that in
the sham operation group, while the levels of MDA and
NOS were significantly increased.(Table 8).

In indicator GSH-PX, the Danhong compatibility
group (P< 0.01) and nimodipine group (P< 0.05) can
significantly increase the content of GSH-PX. In indica-
tors SOD and MDA, only the Danhong compatibility
group has significant differences. All administration
groups can significantly reduce the content of NOS
index (P < 0.01). Treatment with Danhong proportioning
increased the level of serum SOD and GSH-PX while
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Table 4 Enriched GO (MF) pathways of Safflower and Salvia compounds in Ml and CI samples

Description P value p.adjust qvalue count
Heme binding 1.34E-08 1.74E-06 6.82E-07 6
Tetrapyrrole binding 2.09E-08 1.74E-06 6.82E-07 6
Oxidoreductase activity, acting on paired donors, 4.64E-08 2.15E-06 8.46E-07 6
with incorporation or reduction of molecular oxygen

Growth factor activity 5.19E-08 2.15E-06 846E-07 6
Cytokine receptor binding 1.21E-06 4.00E-05 1.57E-05 6
Receptor ligand activity 1.64E-06 4.55E-05 1.79E-05 7
Cytokine activity 8.28E-06 0.000175 6.87E-05 5
Monooxygenase activity 8.42E-06 0.000175 6.87E-05 4
Protease binding 2.50E-05 0.00038 0.000149 4
Growth factor receptor binding 2.50E-05 0.00038 0.000149 4
Oxidoreductase activity, acting on paired donors, with 2.52E-05 0.00038 0.000149 3
incorporation or reduction of molecular oxygen,

NAD(P)H as one donor, and incorporation of one

atom of oxygen

Cofactor binding 3.10E-05 0.000428 0.000168 6
Iron ion binding 540E-05 0.00069 0.000271 4
Steroid hormone receptor activity 6.09E-05 0.000723 0.000284 3
Phosphatidylinositol-4,5-bisphosphate 3-kinase activity 9.32E-05 0.001032 0.000406 3
Phosphatidylinositol bisphosphate kinase activity 0.000106 0.0011 0.000433 3
Oxidoreductase activity, acting on NAD(P)H, heme 0.000127 0.001198 0.000471 2
protein as acceptor

Phosphatidylinositol 3-kinase activity 0.00013 0.001198 0.000471 3
FMN binding 0.000148 0.001294 0.000509 2
Heme binding 1.34E-08 1.74E-06 6.82E-07 6
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Fig. 5 The 20 enriched GO terms (Molecular Function) and GO interaction network with the most significant p-values for Safflower and Salvia in Ml and Cl

decreasing the levels of serum MDA and NOS to various
exten.The comprehensive effect of the Danhong com-
patibility group was the best, which was better than that
of the Salvia extract group.

According to the comprehensive analysis of the above
four groups of evaluation indexes, the treatment group
played a role in the treatment of ischemic brain injury
by increasing the contents of SOD and GSH and redu-
cing the contents of MDA and NOS. Among them, the
Danhong compatibility group had the best therapeutic
effect. (Fig. 9¢).

Discussion
It has been reported that many compounds in Safflower
and Salvia have therapeutic effects on cardiovascular and

cerebrovascular diseases [26]. Safflower yellow has con-
tributed to the decline of blood viscosity and erythrocyte
aggregation index, and has anti-coagulation and anti-
thrombosis activities in blood stasis rat models [27].
Hydroxysafflor yellow A is known to lengthen coagula-
tion time and relieve cerebral thrombosis induced by
cerebral ischemia in mice [28]. Thus, the continual de-
velopment and application of Safflower are attracting
attention for medical purposes [29, 30]. Additionally,
extracts of Salvia improved neurological defect scores,
increased cerebral blood flow, reduced infarct size, and
alleviated brain edema in rats exposed to permanent
middle cerebral artery occlusion [31].

Cerebrovascular diseases are characterized by high in-
cidences, disabilities, and mortality. From 1990 to 2000,

Table 5 Enriched GO (CC) pathways of Safflower and Salvia compounds in Ml and CI samples

Description P value p.adjust qvalue count
Membrane raft 1.35E-06 3.62E-05 2.56E-05 6
Membrane microdomain 1.38E-06 3.62E-05 2.56E-05 6
Membrane region 1.70E-06 3.62E-05 2.56E-05 6
Caveola 0.000116 0.001863 0.001318 3
Plasma membrane raft 0.000229 0.002933 0.002074 3
Endoplasmic reticulum lumen 0.000435 0.004642 0.003283 4
Platelet alpha granule lumen 0.003048 0.02787 0.019711 2
External side of plasma membrane 0.005049 0.038598 0.027298 3
Platelet alpha granule 0.005428 0.038598 0.027298 2
Golgi lumen 0.007051 0.045123 0.031913 2
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Table 6 Chinese patent medicines containing Safflower and Salvia

Source Name Prescription Efficacy;
Pharmacopoeia of the Xin Naokang  Salviae Miltiorrhizae Radix et Rhizoma, Paeoniae Radix Coronary heart disease angina pectoris, cerebral
People’s Republic of capsule Rubra., Polygoni Multiflori Radix, Lycii Fructus, Puerariae arteriosclerosis

China

Pharmacopoeia of the
People’s Republic of
China

Pharmacopoeia of the
People’s Republic of
China

Pharmacopoeia of the
People’s Republic of
China

Standard promulgation
of the State Food and
Drug Administration

Standard promulgation
of the State Food and
Drug Administration

(XNKIN) [20]

Le Mai
Granule
(LMKL) [21]

Li NaoXin
Capsule [22]

Huoxue
Tongmai
tablets
(HXTMP) [23]

Danhong
dripping
solution [24]
Guan Xinling
capsule [25]

Lobatae Radix, Chuanxiong Rhizoma, Carthami Flos,
Alismatis Rhizoma, Cyathulae Radix, Pheretima, Curcumae
Radix, Polygalae Radix, Anemone altaica Fisch., Ziziphi
Spinosae Semen, Deer's Heart, Glycyrrhizae Radix et
Rhizoma

Salviae Miltiorrhizae Radix et Rhizoma, Chuanxiong
Rhizoma, Paeoniae Radix Rubra, Carthami Flos, Cyperi
Rhizoma, Aucklandiae Radix, Crataegi Fructus

Salviae Miltiorrhizae Radix et Rhizoma, Chuanxiong
Rhizoma, Puerariae Lobatae Radix, Pheretima, Paeoniae
Radix Rubra, Carthami Flos, Curcumae Radix, Polygoni
Multiflori Radix, Alismatis Rhizoma, Lycii Fructus, Ziziphi
Spinosae Semen, Polygalae Radix, Anemone altaica Fisch,,
Cyathulae Radix, Glycyrrhizae Radix et Rhizoma

Spatholobi Caulis, Persicae Semen, Salviae Miltiorrhizae
Radix et Rhizoma, Paeoniae Radix Rubra, Carthami Flos,
Dalbergia odorifera T.Chen, Curcumae Radix, Notoginseng
Radix et Rhizoma, Chuanxiong Rhizoma, Citri Reticulatae
Pericarpium, Aucklandiae Radix, Acori Tatarinowii Rhizoma,
Lycii Fructus, Polygonati Rhizoma, Ginseng Radix et
Rhizoma, Ophiopogonis Radix, Borneolum Syntheticum

Salviae Miltiorrhizae Radix et Rhizoma, Carthami Flos

Salviae Miltiorrhizae Radix et Rhizoma, Paeoniae Radix
Rubra, Chuanxiong Rhizoma, Carthami Flos, Polygonati
Odorati Rhizoma, Notoginseng Radix et Rhizoma, Ginseng
Radix et Rhizoma, LiquidambarorientalisMill.,, Borneolum
Syntheticum

Coronary heart disease, angina pectoris, multiple
cerebral infarction

Coronary heart disease, myocardial infarction, cerebral
arteriosclerosis, cerebral thrombosis

Coronary heart disease, angina pectoris, cerebral
thrombosis, cerebral infarction, sequela of apoplexy,
cerebral arteriosclerosis and hyperlipidemia

Coronary heart disease, angina pectoris, myocardial
infarction, blood stasis type pulmonary heart disease,
ischemic encephalopathy, cerebral thrombosis

Chest pain, chest pain, shortness of breath, heart
palpitations and coronary heart disease
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the annual incidence of stroke in China increased yearly
[32]. Approximately 80% of cerebrovascular diseases are
acute ischemic stroke caused by acute occlusion of the
intracranial artery—also known as CI [33]. MI or acute
MI (AMI) occurs when blood flow stops at a part of the
heart, causing damage to the heart muscle. The combin-
ation of Salvia and Safflower has been reported to be ef-
fective in the treatment of MI and CIL.

In the present study, 247 genes targeted with 52 com-
pounds of Safflower and 119 genes targeted with 48
compounds of Salvia were identified from the TCMSP
database and literature review. Cross-referencing the dis-
ease targets with compound targets led to 23 main tar-
gets.Those targets were enriched in 85 KEGG pathways.
Potential molecular mechanisms of the pathways in
which Salvia and Safflower compounds played a major

Table 7 25 KEGG pathways for Salvia, Safflower, and Chinese patent medicine in Ml and Cl samples

No Description No Description

1 HIF-1 signaling pathway 14 Natural killer cell mediated cytotoxicity
2 TNF signaling pathway 15 Ovarian steroidogenesis

3 PI3K-Akt signaling pathway 16 Arginine and proline metabolism

4 NF-kappa B signaling pathway 17 Oxytocin signaling pathway

5 Intestinal immune network for igA production 18 Cytokine-cytokine receptor interaction
6 Apoptosis 19 Steroid hormone biosynthesis

7 Estrogen signaling pathway 20 NOD-like receptor signaling pathway

8 VEGF signaling pathway 21 Retinol metabolism

9 p53 signaling pathway 22 Fc epsilon Rl signaling pathway

10 JAK-STAT signaling pathway 23 Focal adhesion

11 MAPK signaling pathway 24 Metabolism of xenobiotics by cytochrome p450
12 Hematopoietic cell lineage 25 Complement and coagulation cascades
13 T cell receptor signaling pathway
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role were identified through the results of the KEGG
analyses. Among the four drugs (the Xin NaoKang cap-
sule, the Le Mai granule, and the Huoxue Tongmai tab-
let), safflower combined with Salvia has 25 KEGG
pathways for CI and ML

The first 10 paths with the most important P values
are as follows: HIF-1 signaling pathway, TNF signaling
pathway, PI3K-AKT signaling pathway, NF-kB signaling
pathway, Intestinal immune network for IgA production,
Apoptosis, Estrogen signaling pathway, VEGF signaling
pathway, P53 signaling pathway, JAK-STAT signaling
pathway.

The pathway with the lowest P-value was fluid shear
stress and atherosclerosis. Atherosclerosis is a complex
metabolic disorder that endangers human health. More-
over, atherosclerosis is an important physiological and
pathological basis for many ischemic cardiovascular and
cerebrovascular diseases [34]. This study partially re-
vealed the effect of Salvia on atherosclerosis. Tanshinone

IIA can decrease the level of nitric oxide and increase
the activity of superoxide dismutase in human umbilical
vein endothelial cells and protect endothelial function
and antioxidation [35]. Additionally, tanshinone IIB
inhibited the binding of U937 to human aortic endothe-
lial cells mediated by TNF-alpha stimulation [36-38];
Tanshinone IIB enhanced angiogenesis in endothelial
cells by up-regulating VEGF and VEGF receptors [39—
42]. Studies of the Safflower yellow group also showed
that such treatments decrease serum total cholesterol,
superoxide dismutase, and propylene glycol. Thus, Saf-
flower yellow can be used to treat atherosclerosis by re-
ducing blood lipid levels and improving antioxidant
capacity [43].

Hypoxia-inducible factor-1 (HIF-1) is a transcription
factor found widely in mammals and humans under
hypoxia. It is induced by changes in molecular oxygen
levels in tissues and can activate the expression of many
hypoxia-responsive genes. It is a key transcription factor
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in animals and humans to maintain the stability of the
internal environment under hypoxia.

Over the years, the role of HIF-1 alpha in cerebral is-
chemia and hypoxia has attracted increasing attention.
By knocking out the HIF-la gene, Helton found that
HIF-1a reduced the expression of inflammatory media-
tors such as COX-2, tumor necrosis factor-alpha (TNE-
alpha), and IL family proteins following hypoxic-
ischemic brain injury [44]. Those studies also indicated
that Fufang Danshen tablets had protective effects on

brain cells during chronic cerebral ischemia. In addition,
Fufang Danshen tablets may initiate the transcription of
HIF-1a, which may, in turn, initiate the transcription of
EPO, VEGF, and GLUT3. The reduction of brain dam-
age through the anti-hypoxia effect occurred via glyco-
lytic enzymes and their products [45]. Hydroxysafflor
yellow A (HSYA) increases the expression of HIF-la
and cell proliferation under hypoxia, which may occur
by inhibiting the down-regulation of HIV-1a, VHL, and
p53 [46].

Table 8 Determination of SOD, GSH-PX, MDA and NOS in serum. (n = 6) Compared with the model group, # P < 0.05, ## P < 0.01
compared with the control group; *P < 0.05, ** P < 0.01 compared with the CI group

Index SOD GSH-PX MDA NOS
Sham-operated 7339 £ 8.17 201.25 £ 10.53 0.94 £ 0.15 5148 + 7.66
Model group 6455 + 341" 18167 + 7.11" 118 + 022" 6300 + 7.65"
Nimodipine 70.29 £ 5.85 21943 + 20.98* 103 +£0.13 4202 + 4.38**
Danhong injection 71.32 + 8.64 20043 + 2548 121+ 031 4141 £ 8.12%*
Danhong proportioning 9213 + 7.35% 27892 + 17.79%* 0.75 + 0.29* 3292 + 521%
Salvia miltiorrhiza extract 6824 £ 7.32 201.20 £+ 23.669 1.04 £ 0.16 38.89 + 12.52**
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Tumor necrosis factor (TNF) is an important inflam-
matory cytokine in atherosclerosis. Our results show
that the TNF-a—308 and TNE-f + 252 loci play import-
ant roles in the etiopathogenesis of CI [47].

Tumor necrosis factor-a (TNF-a) antagonism allevi-
ates myocardial ischemia-reperfusion (MI/R) injury [48].
The molecular mechanism of CI injury is complex and
involves the inflammatory and apoptotic reactions medi-
ated by interleukin-1 and caspase-3 [49]. Both Danhong
injection and HSYA significantly inhibited the over-
expression of IL-1beta, TNF-alpha, and caspase-3 genes
in brain tissues of CI rats.

The phosphatidylinositol 3" -kinase(PI3K)-Akt signal-
ing pathway [50] is activated by many types of cellular
stimuli or toxic insults and regulates fundamental cellu-
lar functions such as transcription, translation, prolifera-
tion, growth, and survival. The dysregulation of Akt
leads to diseases of major unmet medical needs such as
cancer, diabetes, cardiovascular and neurological dis-
eases [51]. The methanol extract of Salvia, are the active
compounds as showed by their ability to induce apop-
tosis through the mitochondrial pathway of apoptosis
and PTEN-mediated inhibition of PI3K/Akt pathway
[52]. The phosphoinositide 3-kinase (PI3K)/Akt signal-
ing pathway has been reported to be involved in modu-
lating BBB permeability and in isoflurane induced
neuroprotection [53].

It is believed that CI can cause the emergency contrac-
tion of blood vessels, reduce the blood flow in the cerebral
ischemia area, and cause the related symptoms. At this
time, the activity of NOS is increased, and the body reacts
to produce NO. NO mainly acts on vascular smooth
muscle, resulting in vasodilation, decrease of vascular ten-
sion and decrease of local vascular tension. The local cere-
bral blood flow increased, maintained cerebral blood flow
and played a certain neuroprotective role [54].

GSH-Px is directly involved in the removal of H,O, in
the cytoplasm and is vulnerable to the attack of oxygen
free radical O 2 The oxygen free radicals produced after
ischemia consume a lot of SOD, which makes the content
of SOD decrease and also consumes a lot of GSH-Px.

Studies have shown that one of the important mecha-
nisms of ischemic brain damage is due to the accumula-
tion of free radicals and the lipid peroxidation chain
reaction mediated by them, resulting in a large number
of MDA, resulting in the destruction of membrane
structure and function, resulting in neurotoxic damage,
resulting in neurological dysfunction [55]. Therefore, the
content of MDA in peripheral blood increased, and with
the prolongation of ischemia time, the activity of SOD
increased gradually, and the content of MDA decreased
gradually [56, 57]. Obviously, these targets are consid-
ered as potential markers and may play an important
role in the treatment of CI.
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In this experiment, the rats were given prophylactic
administration and the model was made by the MACO
method. According to the score of a neurological deficit,
the model was made successfully. The cerebral infarction
rate, biochemical index, and cytopathological injury were
used as evaluation indexes. The therapeutic effects of
the Sham operation group, Model group, Nimodipine
group, Danhong injection group, Danhong compatibility
group, and Salvia extract group were compared. Dan-
hong compatibility group can significantly reduce the
cerebral infarction rate, cerebral cell edema, glial cell
proliferation, and inflammatory cell infiltration, increase
the content of SOD and GSH, and reduce the content of
MDA and NOS. The comprehensive effect of the Dan-
hong compatibility group was the best, which was better
than that of the Salvia extract group. The results showed
that Salvia and safflower extract had a good therapeutic
effect on cerebral ischemia through compatibility and
interaction.

Conclusions

In summary, 23 targets of Salvia combined with Safflower
in the treatment of CI and MI were identified. This study
proposed and applied a network pharmacology-based ana-
lysis to suggest that Salvia and Safflower may attenuate CI
and MI by regulating targets in the HIF-1 signaling path-
way. Four indicators were chosen based on network
pharmacology, namely SOD, GSH, MDA and NOS, which
have been validated in vivo as potential target of Salvia
combined with Safflower for its therapeutic effect on CI.
Through the treatment of MCAO model, it provides pre-
liminary evidence for the pharmacological mechanism of
Salvia combined with Safflower in the treatment of
CLDanhong compatibility group can significantly reduce
the cerebral infarction rate, cerebral cell edema, glial cell
proliferation, and inflammatory cell infiltration, increase
the content of SOD and GSH, and reduce the content of
MDA and NOS.

It is revealed that Salvia miltiorrhiza and Safflower can
increase local cerebral blood flow by dilating blood ves-
sels, reduce neurotoxic damage, and protect brain tissue
from free radical damage.
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