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Abstract
Objective: To investigate the molecular mechanism of Astragalus-Scorpion in the treatment of prostate
cancer by network pharmacology and molecular docking technology.

Methods: Using TCMSP, BATMAN-TCM, TCMID and Swiss TargetPrediction Databases to retrieve the
active ingredients and corresponding targets of Astragalus-Scorpion. The targets related to prostate
cancer were retrieved through GeneCards, so as to obtain the common targets of Astragalus-Scorpion
and prostate cancer. The common targets were input into the STRING database for protein interaction
analysis. Cytoscape software was used to construct the active “ingredient-target-disease” network, and
GO and KEGG enrichment analysis were performed on the common targets. To screen the core
ingredients and targets that play therapeutic roles, Autodock software was used for molecular docking
veri�cation.

Results: 27 active ingredients, 340 potential targets related to active ingredients, 898 targets related to
disease and 122 common targets were screened from Astragalus-Scorpion totally. The core targets of PPI
network were JUN, AKT1, IL6, MAPK1 and RELA, while the core active ingredients in the active ingredient-
target-disease network were quercetin, kaempferol, formononetin, 7-o-methylisomucronulatol and
calycosin.762 GO entries and 154 pathways were obtained by enrichment analysis totally. The molecular
docking results showed that quercetin binds to AKT1 and RELA, kaempferol to AKT1, and formononetin
to RELA, all of which were stable.

Conclusion: Quercetin, kaempferol and others in the Astragalus-Scorpion can regulate multiple signaling
pathways such as PI3K-Akt signaling pathway by binding to targets such as AKT1 related to prostate
cancer, inhibit the proliferation of tumor to play a role for prostate cancer.

1. Introduction
Prostate Cancer (PCa) ranks second in the incidence of cancer in middle-aged and elderly men, and its
mortality rate ranks �fth in the world of cancer mortality [1]. In recent years, the incidence of PCa in Asian
countries continues to increase [2]. Recent studies have shown that the incidence and mortality of PCa in
China are also increasing year by year [3]. PCa is highly invasive and a serious threat to the life of men.
Currently, the clinical treatment of prostate cancer is still dominated by androgen blockade, supplemented
by radiotherapy and chemotherapy. Androgen deprivation therapy has been the most effective and widely
used treatment for prostate cancer in the past 70 years [4]. However, regardless of surgical castration or
drug castration, anti-androgen therapy  and chemotherapy will show treatment resistance, and patients
with advanced castration resistant prostate face no medicine to treat [5]. Although some progress has
been made in new anti-androgen drugs, chemotherapy, palliative radiotherapy, radionuclide therapy and
immunotherapy, PCa treatment is still a major clinical problem. The search for a natural drug with high
effect and low toxicity for the prevention and treatment of prostate cancer has become a current research
hotspot [6,7]. Studies have found that traditional Chinese medicine contains a variety of ingredients, has
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the advantages of multi-target, multi-function and synergistic effect, effectively prevents the proliferation
and metastasis of tumor cells, and has a good prospect of application [8].

Astragalus with sweet taste in �ve �avors and mild temperature in four Qi attributes to lung and spleen
meridians. with the effects of tonifying Qi, raising Yang, removing stasis, relieving obstruction and
detoxifying. Scorpion with �at in four Qi, it belongs to liver meridian, has the effect of detoxi�cation,
dissipation of nodules, inhibition of cancer, pain relief. Astragalus-Scorpion drug pair are commonly used
in TCM treatment of tumors. Astragalus membranaceus is good at bene�ting Qi and strengthening the
body, while Scorpion is more prone to detoxify and inhibit cancer. The two drugs are compatible with
each other, one defending and one attacking, complementing each other and synergistic effect, so as to
achieve the effect of strengthening Qi and inhibiting cancer.

However, the pharmacodynamics study of Astragalus-Scorpion drug pair in the treatment of PCa is still in
the basic stage, and there are few studies on its target and molecular mechanism. Therefore, based on
the research method of network pharmacology [9], this paper studies the potential molecular mechanism
of Astragalus-Scorpion drug pair in the treatment of PCa, and carries out molecular docking technology to
verify the docking of core active ingredients related to Astragalus-Scorpion drug pair and core targets
related to PCa, providing scienti�c basis for further elucidating the mechanism at the molecular level.

2. Materials And Methods
2.1 Extraction and screening of active ingredients of Astragalus – Scorpion drug pair

Oral Bioavailability (OB) > 30% and Drug Likeness( DL) > 0.18 were set up in the Traditional Chinese
Medicine Systems Pharmacology (TCMSP,https://tcmspw.com/tcmsp.php) [10]. Score cutoff >20 and
p<0.05 were set up in the Bioinformatics Analysis Tool for Molecular mechanism of Traditional Chinese
Medicine [11] BATMAN-TCM, http://bionet.ncpsb.org/batman-tcm/ , while Astragalus and Scorpion were
input into Traditional Chinese Medicine Integrated Database (TCMID,http://119.3.41.228:8000/tcmid/ .
The potential active ingredients of Astragalus-Scorpion were screened from 3 databases mentioned
above, and to ensure scienti�c nature and integrity of the retrieval by combining with literature
retrospective investigation and veri�cation.

2.2 Collection of targets related to Astragalus-Scorpion drug pair

The active ingredients collected above were input into TCMSP, BATMAN-TCM and Swiss Target
Prediction(http://www.swisstargetprediction.ch/) respectively to obtain corresponding targets. After
removing the repetitive part, the targets were imported into the UniProt (https://www.uniprot.org/) . The
protein species of target were set to "Homo sapiens" and the target source was set to be "reviewed". A
normalized Gene Symbol for subsequent network analysis was obtained after gene name matching and
standardization.

2.3 Acquisition and collection of targets related to prostate cancer
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Genecards (https://www.genecards.org/) is a gene-centricity human genome database [12], automatically
integrating sources from 150 websites. The targets of PCa can be collected by setting the search words
as "prostate cancer" and "Relevance Score" ≥10.

2.4 Acquisition of the common targets of Astragalus-Scorpion drug pair and prostate cancer

We input standardized targets of Astragalus-Scorpion and targets related to PCa into Venny (ver. 2.1.0)
(https://bioinfogp.cnb.csic.es/tools/venny/) and made Venny diagram to obtain the common targets.

2.5 Construction and analysis of protein-protein interaction (PPI) network

The STRING [13] (https://string-db.org) is a biological database for predicting protein-protein interactions.
The common targets mentioned above were uploaded to the STRING(https://string-db.org) in the form of
gene symbol. PPI network interaction diagram was obtained by setting the species as “homo sapiens
”,the minimum interaction threshold as“high con�dence 0.700 ” and leaving the other settings on the
default parameters. The count.R plug-in in the R language software (https://www.r-project.org/) was used
to obtain the frequency of the common protein targets and further to screen the core targets.

2.6 Network construction of active ingredient-target-disease

The active ingredient-target-disease network was constructed by using the MERGE function of Cytoscape
(ver. 3.7.1) [14]. In the network diagram, "Node" represents drugs, active ingredients, diseases and targets,
while "edge" represents the relationship among active ingredients of drugs, targets and prostate cancer.
The potential mechanism of Astragalus - Scorpion in the treatment of PCa was explored based on the
network constructed above.

2.7 GO analysis and KEGG pathway enrichment analysis

In order to further re�ect the functions of the common targets screened above and their roles in the
signaling pathways, gene ontology analysis (Go analysis) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis of common targets mentioned above were performed using the
cluster Pro�lerGo.R plug-in for R software and Perl language. The GO enrichment analysis consists of
biological processes (BP), cellular components (CC) and molecular functions (MF). The top 45 potential
targets of common targets were obtained and input into metascape database http://metascape.org/gp/
for enrichment analysis. Then the results were input into bioinformatics database
http://www.bioinformatics.com.cn/ to obtain KEGG enrichment string-�gure.

2.8 Molecular docking of main potential active ingredients and targets

In order to further verify the reliability of targets predicted, molecular docking veri�cation was conducted
among the top 5 core active ingredients screened and the top 5 core targets. First of all the three-
dimensional (3D) structure of the core protein was downloaded from the PDB database
(https://www.rcsb.org/), imported into PyMoL (ver. 2.3.1) to remove water molecules and small molecules

https://www.rcsb.org/
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of acceptors imported into Autodock Tools (ver. 1.5.6) [15] to add hydrogen atoms, calculate the total
charge and set the atomic type and then saved to pdbqt format. Secondly, mol2 format of the core active
ingredients (ligand) screened above was downloaded from the TCMSP and saved as "PDBQT" format
after selecting "Check totals on residues", "detect root" and "choose torsions" keys in turn. Finally,
Autogrid4 and Autodock4 were used for space positioning and molecular docking. “Local Search
Parameters” algorithm was used for the docking operation and “Live Parameters” was used as the
docking parameter. We use PyMoL software to realize the visualization of docking results and establish
the docking interaction pattern diagram.

3. Results
3.1 Screening of Astragalus - Scorpion active ingredients

A total of 20 active ingredients of Astragalus and a number of 7 active ingredients of Scorpion were
obtained by using TCMSP, BATMAN-TCM, TCMID  and combining with literature retrospective
investigation to verify and supply. The screening results of effective ingredients of astragalus are shown
in Table 1.
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Table 1 Main active ingredients of Astragalus - Scorpion

Ingredient
number

Ingredient name OB% DL

MOL000387 Bifendate 31.1 0.67

MOL000033 (3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-[(2R,5S)-5-propan-2-
yloctan-2-yl]-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-
cyclopenta[a]phenanthren-3-ol

36.23 0.78

MOL000379 9,10-dimethoxypterocarpan-3-O-β-D-glucoside 36.74 0.92

MOL000296 hederagenin 36.91 0.75

MOL000442 1,7-Dihydroxy-3,9-dimethoxy pterocarpene 39.05 0.48

MOL000374 5'-hydroxyiso-muronulatol-2',5'-di-O-glucoside 41.72 0.69

MOL000422 kaempferol 41.88 0.24

MOL000098 quercetin 46.43 0.28

MOL000417 Calycosin 47.75 0.24

MOL000439 isomucronulatol-7,2'-di-O-glucosiole 49.28 0.62

MOL000354 isorhamnetin 49.6 0.31

MOL000239 Jaranol 50.83 0.29

MOL000371 3,9-di-O-methylnissolin 53.74 0.48

MOL000211 Mairin 55.38 0.78

MOL000380 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-
c]chromen-3-ol

64.26 0.42

MOL000438 (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 67.67 0.26

MOL000433 FA 68.96 0.71

MOL000392 formononetin 69.67 0.21

MOL000378 7-O-methylisomucronulatol 74.69 0.3

MOL000398 iso�avanone 109.99 0.3

3.2 Prediction and screening of targets

Through the prediction and selection of TCMSP,BATMAN-TCM and Swiss TargetPrediction database,
after standardized treatment of UniProt database, a total of 180 potential targets of active ingredients of
Astragalus and 176 of Scorpion were obtained. And a total of 898 potential targets associated with PCa
were obtained through the prediction and screening of GeneCards database. Then, we acquired 340
potential targets of Astragalus and Scorpion after removing repetitive targets. Further, 122 common
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targets were acquired after importing the above-mentioned targets and the targets related to PCa into
Venny database, as shown in Figure 2a.

3.3 Construction and analysis of protein-protein interaction (PPI) network

A total of 122 targets obtained above were input into STRING database to obtain protein interaction
relationship, as shown in Figure 2b. The count.R plug-in was used to count the frequency of protein target
interconnection, and the top 30 proteins were selected for visual display, as shown in Figure 2c. The top 5
core proteins were JUN, AKT1, IL6, MAPK1 and RELA, which may be bene�cial to Astragalus-Scorpion
drug pair in the treatment of PCa.

3.4 Active ingredient - target - disease network

Cytoscape(ver. 3.7.1) was used to construct the network of drug pair active ingredient-common target-
PCa, and a network with 144 nodes and 373 edges was obtained, as shown in Figure 3. The hexagon
represents PCa, the quadrilateral Astragalus-Scorpion drug pair, the triangle the active ingredients, and the
oval the common target. The connections between the points indicate the targeting relationship among
the active ingredient, the target and the disease. The more connections there are, the more important the
nodes is in the network. The top 5 active ingredients  in the number of connections are quercetin,
kaempferol, formononetin, 7-O-methylisomucronulatol and Calycisin, which may play an important role in
the treatment of prostate cancer.

3.5 GO enrichment analysis and KEGG pathway enrichment analysis

Cluster Pro�ler GO.R plug-in and Perl language were used to conduct bioinformatics analysis of the above
122 common targets. In this enrichment analysis, a total of 762 GO entries were obtained. There were 50
cell components (CC), which had signi�cant effects on cell components such as Cytosol, Nucleus,
Mitochondria, Membrane and extracellular matrix. There were 611 biological processes (BP), mainly
involving positive regulation of transcription from RNA polymerase II promoter, negative regulation of
apoptotic process, positive regulation of transcription, DNA-templated and response to drug, which
showed that the Astragalus-Scorpion drug pair can play an anti-cancer effect by participating in the
regulation of various biological processes. There were 101 Molecular Function, mainly including protein
binding, enzyme binding, DNA binding and tumor necrosis factor receptor binding. Among them, the top
10 entries respectively in BP, CC and MF were visually analyzed, as shown in Figure 4. A total of 154
pathways of common targets were obtained by KEGG signaling pathways enrichment. The top 20
pathways were screened out (P<0.01), as shown in Figure 5a and Figure 5b. The main signaling
pathways contained PI3K-Akt signaling pathway, AGE-RAGE signaling pathway, TNF signaling pathway,
IL-17 signaling pathway and so on, suggesting that Astragalus-Scorpion can treat PCa through multiple
signaling pathways. Five signal pathways with high correlation were displayed in the KEGG enriched
string diagram, as shown in Figure 6. Taking the PI3K-Akt signaling pathway for example, the potential
target and mechanism of Astragalus-Scorpion drug pair in the treatment of PCa were shown in Figure 7. 



Page 8/24

3.6 Molecular docking veri�cation

Molecular docking was carried out for the 5 core active components and 5 core targets screened from
Astragalus-Scorpion drug pair. The basic information of the protein and the original ligand corresponding
to the target were shown in Table 2. The binding energy and the number of hydrogen bonds obtained by
molecular docking were shown in Table 3 and Table 4. From the docking results the binding energy
values of quercetin and AKT1, quercetin and RELA, formononetin and RELA, and kaempferol and AKT1
were all less than -5 kcal/mol indicating that the three active ingredients had strong binding force with
the two core targets. The number of hydrogen bonds of quercetin and RELA, quercetin and  AKT1, as well
as kaempferol and AKT1 were large, which may have good stability. Based on the above results, it
showed that quercetin, formononetin and kaempferol may play an important role in the treatment of PCa.
The molecular docking model diagrams of quercetin and AKT1, quercetin and RELA, formononetin and
RELA, as well as kaempferol and AKT1 were selected respectively for visual display, as shown in Figure 8.

Table 2 Information of 5 proteins involved in molecular docking

targets Uniprot-ID PDB-ID Ligand-ID

JUN P05412 5FV8 JEF

AKT1 P31749 3o96 IQO

IL6 P05231 1ALU TLA

MAPK1 P28482 1TVO FRZ

RELA Q04206 6QHL SEP

Table 3 The binding energy of Astragalus-Scorpion core active ingredients and core common targets

Core active ingredient Binding Energy/(kcal/mol-1)

JUN AKT1 IL6 MAPK1 RELA

quercetin -3.59 -5.36 -3.61 -5.83 -8.20

kaempferol -4.51 -5.41 -2.99 -3.11 -3.22

formononetin -3.83 -4.50 -4.21 -4.27 -7.90

7-O-methylisomucronulatol -4.32 -3.42 -3.21 -3.32 -3.53

Calycisin -2.67 -3.30 -3.33 -3.50 -2.87

Table 4 The number of hydrogen bonds of Astragalus-Scorpion core active ingredients and core common
targets



Page 9/24

Core active ingredient The number of hydrogen bonds

JUN AKT1 IL6 MAPK1 RELA

quercetin 2 5 4 1 4

kaempferol 3 5 3 3 4

formononetin 2 3 3 3 2

7-O-methylisomucronulatol 4 1 1 2 0

Calycisin 0 2 3 4 1

 

4. Discussion
Based on the research method of network pharmacology, this study �nally predicted 27 active
ingredients, 122 potential targets, 762 Go analysis and 154 KEGG pathways of Astragalus-Scorpion drug
pair in the treatment of PCa. The interaction of multi-ingredient, multi-target and multi-pathway further
demonstrated the principle of traditional Chinese medicine treatment of PCa from the pharmacological
and molecular levels: consolidate the root, eliminate the source of disease, strengthening the body,
eliminate pathogen.

Modern pharmacological studies have con�rmed that the chemical ingredients of Astragalus-Scorpion
drug pair are mainly �avonoids, saponins and polysaccharides [16], which can improve immunity,
promote metabolism, regulate blood glucose, improve the function of the heart, inhibit virus, and have
anti-tumor effect [17].The chemical ingredients of Scorpion are mainly Scorpion venom, steroid
derivatives, alkaloids and other small molecular ingredients. The enzymatic hydrolysate of Scorpion
venom can inhibit the growth of tumor cells and induce tumor cell apoptosis to achieve anti-tumor effect
[18]. In this study, most of the ingredients screened by the Astragalus-Scorpion drug pair were �avonoids,
such as quercetin, kaempferol, formononetin, calycosin and so on. Relevant studies have found that
quercetin can promote AGS cell apoptosis by increasing the production of reactive oxygen species (ROS),
reduce the expression of anti-apoptotic protein and increase the expression of pro-apoptotic protein [19].
In addition, quercetin can reduce the expression of genes associated with the apoptotic pathway, such as
VEGFB. Abdur Rauf et al. [20] also showed that quercetin has inhibitory effect on a variety of cancers,
high toxic effect on tumor cells, and less toxic and side effects on normal tissue cells, indicating that
quercetin has a high targeting effect on killing tumor cells. Kaempferol has been used for cancer
chemotherapy, which has many pharmacological properties, such as anti-bacteria, anti-in�ammation,
anti-oxidation, anti-tumor, cardiac-protection, neuro-protection and anti-diabete. Its mechanisms of anti-
cancer include induction of apoptosis, G2/M-phase cell cycle arrest, down-regulation of markers related
to epithelial mesenchymal transformation (EMT), and phosphoinositi-3kinase/protein kinase B signaling
pathways [21]. Relevant studies have shown that formononetin can play an anti-tumor effect by
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regulating signal pathways such as JAK-STAM [22], and the expression of caspase, 1VI1VIPS, GSK-3P,
Axin and other molecules in vivo and in vitro [23-26]. It is reported that Formononetin can inhibit the
proliferation of PCa cells mainly through MAPK, PI3K /Akt and IGF-1 / IGF-1R pathways. Calycosin can
improve immune function, enhance the effect of anti-oxidation, anti-radiation and anti-cancer, and has
the function of lowering blood fat, blood sugar and reducing complications of diabetes. Its anti-tumor
effect is mainly to increase the expression level of MMP9 and P-Akt by expressing C-Metu87 and further
to prevent the invasion of cancer cells [27]. In conclusion, the main active ingredients of Astragalus-
Scorpion drug pair in the treatment of Pca were collected comprehensively in this study.

The common targets (JUN, AKT1, IL6, MAPK1 and RELA)are at the core of PPI interaction network, which
may play an important role in the treatment of prostate cancer with Astragalus-Scorpion drug pair. JUN is
the �rst found carcinogenic transcription factor. c-JUN is an AR co-activator, which stimulates AR trans-
activation by mediating receptor dimerization and subsequent DNA binding, and plays a key role in the
proliferative function of �broblasts and the anti-proliferative activity of �nasteride on epithelial cells [28].
IL6, a glycogen composed of 184 amino acids, is a pluripotent cytokine that affects tumor cell activity
and plays an important role in immune response and in�ammation [29,30]. Studies have shown that IL6
can interfere in�ammatory environment, induce tumor occurrence, carry out microenvironment immune
regulation and induce apoptosis of cancer cells [31-33]. These effects are performed through a variety of
pathways, among which signal transducers and activators of transcription play the most important roles
[34]. In addition, studies have shown that IL6 is overexpressed in a variety of cancer cells, and it is
signi�cantly increased in advanced cancer [33,35]. MAPK signaling pathway plays a key role in various
cancers through hyperactivation and is an important part of cancer pathway. MAPK can transfer
extracellular signals into various cellular processes, such as cell proliferation, cell survival, cell death and
cell differentiation [36,37]. The current evidence clearly shows that MAPK pathway is a feasible target for
cancer treatment [38]. AKT1 is an important gene involved in tumor invasion and angiogenesis. AKT1 is
the core target of PI3K/Akt signaling pathway, which plays a role in regulating cell proliferation, cell
apoptosis, cell cycle, cell metabolism, protein transcription and angiogenesis. Abnormal activation of Akt
can avoid apoptosis and promote cell survival, which is related to the occurrence of tumor [39,40].
According to current research, exogenous AKT1 promotes the migration and invasion of breast cancer
cell. The growth and invasion of breast cancer cells can be inhibited by speci�cally inhibiting the
expression of AKT1 [41]. RELA, a kind of NF-KB, can induce the expression of various proteins involved in
in�ammation and carcinogenesis, such as FAS, cyclin, IL-2, tumor necrosis factor(TNF), CXCL1 and
matrix metallopeptidase (MMPs), which can promote the survival and proliferation of tumor cells,
in�ammatory response, anti-apoptosis, angiogenesis and metastasis [42-44]. Studies have shown that
the abnormal activation of NF-KB / RELA and the imbalance of microRNA are related to the cell
proliferation of non-small cell lung cancer. MicroRNA affects cell proliferation of non-small cell lung
cancer by degrading RELA or inhibiting its expression. For example, mir506 selectively eliminates lung
cancer cells by inhibiting the expression of RELA, producing reactive oxygen species and activating p53
[45].
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In this study, by inputting common targets for GO analysis and KEGG analysis, it was found that targets
of Astragalus-Scorpion drug pair for PCa mainly concentrated in cancer-related pathways, PI3K-Akt
signaling pathway, AGE-RAGE signaling pathway, TNF signaling pathway and so on. GO analysis mainly
involves transcription from RNA polymerase II promoter, apoptotic process, DNA transcription and other
biological processes. The active ingredients of Astragalus-Scorpion promote the apoptosis of PCa cells
by inhibiting the cell proliferation and cell differentiation, and is related to the biological regulation and
biological process of tumor cells. PI3K-Akt signaling pathway is one of the most classic tumor survival
pathways, which plays an important role in the proliferation and differentiation of tumor cells [46,47].
Fizazi et al. [48] found that inhibition of PI3K-Akt signaling pathway can effectively prevent the
proliferation and differentiation of prostate cancer cells. Yan et al. [49] believed that activation of PI3K-
Akt signaling pathway would inhibit the transcription of FOXO, a subgroup of downstream apoptotic
related gene forkhead box transcription factor, and increase the level of FOXO phosphorylation, so as to
block the apoptosis of PCa cells. AGE is the product of the Maillard reaction between sugars and proteins
in human body. RAGE, a membrane protein belonging to the immunoglobulin superfamily, is named
because it acts as the receptor of AGE and interacts with it to produce biological effects [50,51]. AGE-
RAGE signaling pathway plays an important role in the occurrence and development of prostate cancer
[52]. Elangovan et al. [53] found that speci�c blocking RAGE and its downstream targets can induce
apoptosis and inhibit proliferation of prostate cancer cells in vivo and in vitro. In addition, relevant studies
have shown that the activation of AGE-RAGE signaling pathway can further activate PI3K-Akt signaling
pathway to promote the proliferation of prostate cancer cells [54].

According to the results of molecular docking, the binding energies between the core active ingredient and
the core target are all less than 0 kcal/mol, indicating that there is a possibility of binding between the
active ingredient and the target. The binding energy less than or equal to -5.0 kcal/mol is considered to
have good binding ability [55]. The binding energies of quercetin with AKT1, quercetin with RELA and
kaempferol with AKT1 were all less than -5.0 kcal/mol, and the number of hydrogen bonds was more
than or equal to 4, indicating that their binding ability was strong and stable. Quercetin and kaempferol,
the active ingredients, selectively inhibit the activation of PI3K-Akt signaling pathway by binding to AKT1,
a key target in the PI3K-Akt signaling pathway, so as to inhibit the proliferation of prostate cancer cells.
This may be one of the important molecular mechanisms of Astragalus-Scorpion drug pair in the
treatment of PCa in this study.

Based on the methods of network pharmacology and molecular docking technology, this study explained
the effect and mechanism of Astragalus-Scorpion drug pair in the treatment of PCa through multiple
ingredients, multiple targets, biological functions, and signaling pathways, providing bene�cial reference
and scienti�c basis for the in-depth research, product development and clinical application of this drug
pair.

5. Conclusion
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TCM treatment of PCa has the advantages of multi-component, multi-target, light toxic and side effects,
preventing recurrence and metastasis after operation and so on. As a typical treatment for PCa, the
potential mechanism of Astragalus-Scorpion drug pair needs further study. In this study, the network
pharmacology was used for the �rst time to screen out the potential active ingredients of Astragalus-
Scorpion drug pair, obtain the potential targets for the treatment of PCa, construct the network of "drug-
active ingredient-target-disease", and further verify the molecular mechanism of  Astragalus-Scorpion
drug in the treatment of PCa. In addition, quercetin, kaempferol, formononetin, 7-O-Methylisomucronulato
and calycosin are key active ingredients of Astragalus-Scorpion drug pair in the treatment of PCa. Jun,
Akt1, IL6, MAPK1 and RelA are key genes that play roles in signaling pathways such as PI3K-Akt
signaling pathway, AGE-rage signaling pathway, and TNF signaling pathway. Therefore, using network
pharmacology method and molecular docking technology to analyze the molecular biological network
based on multi-target and multi-pathway, not only helps to deepen the understanding of Astragalus-
Scorpion for PCa, but also provides the pharmacological basis for further research.
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Figure 1

Network pharmacology analysis of Astragalus–Scorpion drug pair on prostate cancer
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Figure 2

a. common target of Astragalus-Scorpion active ingredient target and potential target of PCa ; b. Protein
interaction network of Astragalus -Scorpion in the treatment of PCa; c. Frequency display of protein-
protein interaction in the treatment of PCa with Astragalus –Scorpion drug pair.
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Figure 3

Active ingredient - target - disease network of Astragalus - Scorpion in the treatment of prostate cancer
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Figure 4

GO analysis of Astragalus-Scorpion drug pair for prostate cancer
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Figure 5

a. histogram of KEGG enrichment analysis of Astragalus-Scorpion drug pair for PCa; b. bubble diagram
of KEGG enrichment analysis of Astragalus-Scorpion drug pair for PCa
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Figure 6

The KEGG enrichment analysis string diagram of the top 45 common targets. The different colors on the
right of the diagram represent different signaling pathways, and on the left are the associated target
genes. The more lines in the pathway,the more genes are enriched.
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Figure 7

Potential targets and mechanism of Astragalus-Scorpion drug pair act on PI3K-Akt signaling pathway
Note. The pink nodes represent common targets and their associated enzymes and compounds.
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Figure 8

Molecular docking pattern diagram of active ingredient-target a.quercetin and AKT1; b.quercetin and
RELA; c.kaempferol and AKT1; d.formononetin and RELA


