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Abstract: Objective: To explore the potential molecular mechanism of Salvia miltiorrhiza in the treatment of pancreatic cancer 

using network pharmacology. Methods: The active components and their corresponding core targets in Salvia miltiorrhiza were 

screened by TCMSP database, and the corresponding gene Symbol of core targets was obtained by using Uniprot database. The 

gene targets for pancreatic cancer were searched from Gene Cards, OMIM, TTD and DrugBank databases. The potential targets 

of Salvia miltiorrhiza were matched with pancreatic cancer gene targets using Venn diagram, and the active components-targets 

network of Salvia miltiorrhiza and the active components-targets network of Salvia miltiorrhiza were mapped using Cytoscape 

software. The DAVID database was used to perform Gene Ontology (GO) functional enrichment analysis and Kyoto 

Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis to predict the potential mechanisms of targets. 

Results: A total of 65 active components of Salvia miltiorrhiza were screened, corresponding to 118 targets. A total of 2167 

pancreatic cancer disease targets were screened, and 75 Salvia miltiorrhiza-pancreatic cancer crossover targets were obtained. 

Six core targets were obtained by PPI network analysis. Luteolin, tanshinone, quercetin and dihydrodanshinolide were the main 

active components, and ESR1, JUN, CDKN1A, MAPK14, MYC and TP53 were the main core targets. The results of GO 

analysis showed that the cellular components where the 75 targets of Salvia miltiorrhiza for pancreatic cancer therapy function 

are mainly the nucleus, membrane rafts, spindle, and membrane microdomains. The biological processes are mainly in response 

to radiation, response to xennobiotic stimulus, gland development, and so on. Molecular functions include DNA binding 

transcription factors, specific RNA polymerase II binding transcription factors, and regulation of kinase activity. 75 targets of 

Salvia miltiorrhiza for pancreatic cancer treatment are mainly through PI3K/Akt signaling pathway, cancer signaling pathway, 

pancreatic cancer signaling pathway, HIF-1 signaling pathway and other pathways to regulate tumor immune response, induce 

apoptosis, promote cell cycle arrest, and tumor metastasis, promote cell cycle arrest and tumor metastasis. Conclusions: This 

study reveals that Salvia miltiorrhiza may regulate multiple signaling pathways through multiple targets, thus acting as a 

therapeutic agent for pancreatic cancer, which also provides theoretical support for the clinical discovery of alternative drugs for 

pancreatic cancer treatment. 
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1. Introduction 

Pancreatic cancer is one of the malignant digestive tumours 

with the highest mortality rate worldwide. It is highly 

aggressive and difficult to detect at an early stage, and is 

currently very challenging to treat clinically, accounting for 2.6% 

of all new cases of malignant tumours in 2020 [1]. Although 
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surgical resection with post-adjuvant therapy can significantly 

prolong patient survival, only 13-15% of patients are likely to 

undergo pancreaticoduodenectomy. Although precision 

medicine and targeted drugs have been vigorously developed, 

the efficacy has not met expectations and the 5-year survival 

rate is still below 10%, urging us to find new therapeutic agents 

[2]. Botanicals contain a variety of components and targets of 

action that have outstanding advantages in inhibiting tumour 

growth and metastasis, and have been used in the treatment of a 

wide range of cancers. For example, honeysuckle is widely 

used in the treatment of diseases such as fever and tumours [3, 

4], andrographolide reduces oxidative stress and inflammation 

in arthritis [5, 6], and thujaplicins have anti-inflammatory, 

antioxidant and anti-cancer effects [7, 8]. Bitter in taste and 

slightly cold, Salvia miltiorrhiza belongs to the heart and liver 

meridians. It is a classical medicine for activating blood 

circulation and resolving blood stasis, and the active ingredients 

in it play an important role in a variety of diseases [9], but there 

has been a lack of a holistic analysis of the study of Salvia 

miltiorrhiza. In this study, we used network pharmacology as a 

starting point to find all the targets of the active ingredient and 

the diseases that these targets may correspond to, by target 

fishing. Subsequently, a component-target network and PPI 

network were developed. GO and KEGG analyses of these 

targets were carried out to analyse the role of Salvia 

miltiorrhiza against pancreatic cancer in terms of biological 

function and signaling pathway enrichment. 

2. Methods 

2.1. Screening of Active Components and Targets of Salvia 

miltiorrhiza 

The active ingredients of Salvia miltiorrhiza were searched 

through the Traditional Chinese Medicine system 

pharmacology database analysis platform (TCMSP, 

http://lsp.nwu.edu.cn/tcmsp.php) [10]. Due to the complexity 

of the components of Chinese medicine, not all of them enter 

the human body and act, the active ingredients that meet both 

the conditions of oral bioavailability≥30% and drug-like 

properties≥0.18 were screened, and The targets corresponding 

to each active ingredient were obtained in TCMSP. 

2.2. Screening for Pancreatic Cancer Disease Targets and 

Pharmacodynamic Targets of Salvia miltiorrhiza for 

Pancreatic Cancer 

The keyword “Pancreatic cancer” was used to obtain 

pancreatic cancer-related disease targets through four 

databases: GeneCards (http://www.gencards.org/) [11], 

OMIM (https://omim.org/) [12], TTD 

(http://db.idrblab.net/ttd/) [13] and DrugBank 

(https://go.drugbank.com/) [14] to obtain pancreatic 

cancer-related disease targets. The obtained active 

ingredients in Salvia miltiorrhiza were intersected with the 

pancreatic cancer target genes by creating a Venn diagram 

to screen out the common targets as the active ingredients 

of Salvia miltiorrhiza for the treatment of pancreatic 

cancer. 

2.3. Constructing Protein-Protein Interaction Networks to 

Screen Core Targets 

Import the pharmacodynamic targets obtained from the 

Venn diagram into the String database (http://string-db.org) 

[15], select “Homo sapiens” as the species, set the lowest 

interaction score to “highest confifence” (0.900), the rest of 

the parameters were kept unchanged, and the nodes without 

interactions were removed to construct the target 

protein-protein interaction network. The network was 

topologically analyzed by CytoNCA plug-in in Cytoscape 

3.8.2 software, and the core targets of Salvia miltiorrhiza for 

pancreatic cancer were selected. 

2.4. GO Functional Analysis and KEGG Pathway 

Enrichment Analysis 

To investigate the biological process and the signalling 

pathways enriched by Salvia miltiorrhiza in the treatment of 

pancreatic cancer, GO analysis and KEGG pathway 

enrichment analysis were performed using the ClusterProfiler 

package in R language for the pharmacodynamic targets, and 

the results of the enrichment analysis were visualised and 

processed. 

3. Results 

3.1. Screening of Active Components of Salvia Miltiorrhiza 

and Their Target Prediction in the Treatment of 

Pancreatic Cancer 

A total of 202 known active components of Salvia 

miltiorrhiza were retrieved from the TCMSP database. 

Sixty-five active components, corresponding to 118 action 

targets, were screened according to OB≥30% and DL≥18%. 

The active components with high connectivity were 

visualized by Cytoscape software to construct a “Salvia 

miltiorrhiza active component-target” network diagram, in 

which the sky-blue nodes represent the active components of 

Salvia miltiorrhiza and the pink nodes represent the targets, 

see Figure 1, The active components with high connectivity 

include lignan, tanshinone, quercetin and 

dihydrodanshenolide. 

A total of 2167 pancreatic cancer-related disease genes 

were downloaded from GeneCards, OMIM, TTD and 

DrugBank databases, as shown in Figure 2A. 65 active 

ingredients in Salvia miltiorrhiza obtained were intersected 

with pancreatic cancer target genes using Venn diagrams, 

and 75 shared targets were screened as the active ingredients 

of Salvia miltiorrhiza for anti-pancreatic cancer potency, as 

shown in Figure 2B. 
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Figure 1. Active Component-target genes network diagram. The sky-blue rectangle in the outer circle represents the active ingredients of Salvia miltiorrhiza, and 

the small pink rectangle in the inner circle represents the potential targets of Salvia miltiorrhiza. The grey line indicates the relationship between the active 

components of Salvia miltiorrhiza and potential targets. 

 

Figure 2. Salvia miltiorrhiza-pancreatic cancer target map. (A) Summary map of pancreatic cancer-related targets in four databases. (B) Venn diagram of the 

intersection of Salvia miltiorrhiza target genes and targets of pancreatic cancer. 
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3.2. Construction and Analysis of Target Protein Interaction 

Network of Salvia miltiorrhiza in the Treatment of 

Pancreatic Cancer 

To further understand the functions and mechanisms of the 

pharmacodynamic targets of Salvia miltiorrhiza for 

pancreatic cancer, the 118 action targets obtained from the 

above screening were imported into the String database to 

construct a protein-protein interaction networks, and the 

topological analysis of the protein interaction network was 

performed using the CytoNCA, and the genes with 

BC>116.6, CC>0.51, DC>15.5, EC>0.18, LAC>6.39, NC>9 

were taken as intersection and six core targets were identified 

from the collection, including, see Figure 3. 

 

Figure 3. PPI core network screening flowchart. (A) 118 potential therapeutic targets of Salvia miltiorrhiza. Yellow represents key targets from primary 

topological analysis. (B) Key targets obtained from first-order topological analysis. Purple represents core key genes acquired by secondary topological 

molecules. (C) 6 core key targets. 

3.3. GO Analysis and KEGG Pathway Enrichment Analysis 

of Salvia miltiorrhiza in the Treatment of Pancreatic 

Cancer 

The 75 pharmacodynamic targets of the active ingredient 

of Salvia miltiorrhiza against pancreatic cancer were 

imported into the DAVID online database for GO analysis 

and KEGG pathway enrichment analysis, and the threshold 

value was set at P<0.05. The results of GO analysis showed 

2117 entries, including 1937 entries of biological processes 

(BP), mainly related to response to radiation, response to 

xennobiotic stimulus, gland development, etc. Cell 

composition (CC) contains 44 entries, mainly involving 

nucleus, membrane rafts, spindle, membrane microdomains, 

etc. The enrichment analysis of KEGG pathways showed that 

153 pathways were involved, and the P-value and gene 

number count were used to measure the enrichment of 

KEGG and rank the P-value from smallest to largest. In this 

study, the top 15 signaling pathways were selected for 

enrichment analysis, among which the potential targets of 

Salvia miltiorrhiza against pancreatic cancer were mainly 

enriched in PI3K/AKT signaling pathway, cancer signaling 

pathway, pancreatic cancer signaling pathway, HIF-1 

signaling pathway and other signaling pathways, see Figure 4 

and Figure 5. 

 

Figure 4. GO analysis of therapeutic targets of Salvia miltiorrhiza in the treatment of pancreatic cancer. The X axis shows the number of genes enriched in each 

project, the Y axis indicates the biological process (BP) in which the genes are involved, the cellular component (CC) and the molecular function (MF), and the 

colour represents the p-value. 
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Figure 5. KEGG pathway enrichment analysis of the therapeutic targets of Salvia miltiorrhiza in the treatment of pancreatic cancer. The X axis indicates the 

number of genes enriched in each pathway, the Y axis represents the name of the pathways, and the color indicates the p-value. 

4. Discussion 

Up to now, although many studies have confirmed the 

significant antitumor effects of Salvia miltiorrhiza, the 

underlying mechanisms of its antitumor effects have not been 

fully explored. Cyberpharmacology is an emerging 

interdisciplinary discipline based on artificial intelligence and 

big data for the systematic study of drugs [16]. It has been 

proposed that the TCM network pharmacology approach is 

expected to shift the paradigm of attacking difficult-to-treat 

diseases from the traditional one-target-one-drug to network 

target and multi-component therapy [17], a new research 

paradigm for the systematic transformation of TCM from 

empirical medicine to evidence-based medicine [18]. In order 

to better elucidate the pharmacological mechanisms of Salvia 

miltiorrhiza in anti-pancreatic cancer therapy, we applied a 

network pharmacology approach to explore the potential 

mechanisms of Salvia miltiorrhiza in the treatment of 

pancreatic cancer through active ingredient-pancreatic cancer 

target network construction, PPI network analysis, GO 

analysis and KEGG enrichment analysis. Currently, there are 

few pharmacokinetic studies on Salvia miltiorrhiza, and in 

this study, we used OB and DL to screen the active 

components of Salvia miltiorrhiza. 

In this study, 65 active components and 75 potential 

therapeutic targets of Salvia miltiorrhiza were obtained 

through TCMSP database and literature search, which also 

confirmed the multi-component, multi-target and 

multi-pathway synergistic characteristics of Salvia 

miltiorrhiza as a Chinese herbal medicine. The active 

components-target map revealed that luteolin, tanshinone and 

quercetin play important roles in the treatment of pancreatic 

cancer with Salvia miltiorrhiza. In addition, PPI networks 

demonstrated information about protein homology and 

co-expression, and PPI analysis in this study showed that 

Salvia miltiorrhiza exerted significant effects on pancreatic 

cancer by influencing the entire biological network, including 

ESR1, JUN, CDKN1A, MAPK14, MYC, TP53, etc. ESR1, 

estrogen receptor 1, is a transcription factor that promotes cell 

survival and proliferation, is expressed in approximately 70% 

of breast cancers, mediates drug resistance in breast cancer, 

interacts with different protein kinases to produce protein 

complexes, and stimulates activation of downstream 

molecules such as Akt during estrogen signaling [19, 20]. The 

potential role of ESR1 in pancreatic tumors has been debated 

for many years, but recently it has been reported that ESR1 

expression is associated with poor prognosis in pancreatic 

cancer [21]. JUN is the most widely studied protein in the 

activator protein-1 (AP-1) complex. Numerous studies have 

found that phosphorylation of JUN plays an important role in 

the proliferation and apoptosis of tumor cells, and that 

phosphorylation of JUN affects its DNA binding ability on the 

one hand and its transcriptional activation ability on the other 

[22]. CDKNlA is one of the important proteins in cell cycle 

regulation and plays an important regulatory role in cell 

proliferation, differentiation and senescence [23]. Previous 

studies have suggested that CDKN1A is an important 
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oncogene, but recent studies have shown that CDKN1A 

exhibits a two-fold role in tumorigenesis and development, 

which may either inhibit or promote tumor growth [24]. In 

some tumors, CDKNlA may play more of its anti-apoptotic 

and tumor-promoting roles [25, 26]. 

The results of GO analysis of the pharmacological efficacy 

of Salvia miltiorrhiza against pancreatic cancer showed that 

the biological processes involved in Salvia miltiorrhiza 

against pancreatic cancer are mainly the response to radiation, 

response to xennobiotic stimulus, gland development, etc., 

mainly concentrated in the nucleus, membrane rafts, spindle, 

membrane microdomains, etc. The results of KEGG signaling 

pathway enrichment also suggest that the potential mechanism 

of Salvia miltiorrhiza against pancreatic cancer may be due to 

its coordinated regulation of various cancer-related pathways, 

such as angiogenesis, cell differentiation, migration, apoptosis, 

invasion and proliferation. pathways, such as angiogenesis, 

cell differentiation, migration, apoptosis, invasion and 

proliferation. In conclusion, the present study analyzed how 

the active ingredients in Salvia miltiorrhiza can fight against 

pancreatic cancer growth through multiple pathways through 

a network pharmacology approach, which is complementary 

to its drug studies against pancreatic cancer. 

5. Conclusion 

In summary, the potential molecular mechanism of Salvia 

miltiorrhiza for the treatment of pancreatic cancer may act 

through several core genes such as ESR1, JUN, CDKN1A, 

MAPK14, MYC, TP53 and regulating various pathways such 

as PI3K/AKT signaling pathway, cancer signaling pathway, 

and pancreatic cancer signaling pathway. In this study, a new 

understanding of the mechanism of action of Salvia 

miltiorrhiza in the treatment of pancreatic cancer was obtained 

using a network pharmacological approach, and the 

relationship between the active components of Salvia 

miltiorrhiza and pancreatic cancer was elucidated, providing a 

scientific basis for its clinical application and mechanism 

research. 
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