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Introduction: As one of the most frequently diagnosed mental disorders,

depression is expected to become the most common disease worldwide by

2030. Previous studies have shown that Chaihu Anxin Capsule has powerful

antidepressant effects. However, its mechanisms are not fully understood. The

aim of our research is to reveal the mechanisms of Chaihu Anxin Capsule in

treating depression.

Methods: Information about the ingredients of the herb was gathered using the

TCMSP. Genes associated with antidepressants were gathered from the

GeneCards database. An “herbal-ingredient-target” network was constructed

and analyzed using Cytoscape software. The PPI network of the antidepressant

targets of Chaihu Anxin Capsule was constructed using the STRING database.

KEGG pathway and GO enrichment were used to analyze the antidepressant

targets. Molecular docking technology was used to confirm the capacity of the

primary active ingredients of Chaihu Anxin Capsule to bind to central targets

using AutoDock Vina and PyMOL software.

Results: Network analysis showed that five targets might be therapeutic targets

of Chaihu Anxin Capsule in depression, namely, JUN, IL6, AKT1, TP53, and STAT3.

The gene enrichment analysis implied that Chaihu Anxin Capsule benefits

patients with depression by modulating pathways related to lipids and

atherosclerosis and the AGE-RAGE signaling pathway in diabetic

complications. Molecular docking analyses revealed that JUN, IL6, AKT1, TP53,

and STAT3 had good affinities for quercetin, beta-sitosterol and kaempferol.

Conclusion: According to the bioinformatics data, the antidepressant effects of

Chaihu Anxin Capsule may be primarily linked to cholesterol and atherosclerosis

as well as the AGE-RAGE signaling pathway in diabetic complications. These

results emphasize that the expected therapeutic targets may be possible

indicators for antidepressant activity.
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1 Introduction

Depression, as a severe affective mental disorder, is

accompanied by a loss of enjoyment and impairment of

cognition, behavior, and autonomic nerve function, which

seriously affect the social function of patients (1). The frequency

of depression has significantly increased because of significant

changes in physical, psychological, and social interactions; in the

United States, severe depression affects 21% of women and 11%–

13% of men over the course of their lifespan (2). Depression is

expected to become the most common disease worldwide by 2030

(3). Therefore, research on the pathogenesis, prevention, and

treatment of depression has become a current hotspot.

Traditional Chinese medicine (TCM) has a clinical

application history of thousands of years, playing a role

through multiple links, targets, and steps. TCM is widely

accepted because it comes from nature and has mild effects

and few side effects. Therefore, studying the efficiency and

mechanism of TCM in preventing and curing depression has

attracted increasing attention from experts worldwide (4). For

example, Jieyu Pills, Jiawei Xiaoyao capsule, Shugan Jieyu

capsule, and others have proven high clinical effectiveness

when used to prevent and treat depression (5–7).

Chaihu Anxin Capsule, the Hebei Medical University first

hospital in-hospital preparation, is composed of Bupleuri radix,

Paeoniae Radix Alba, Puerariae Radix and other medicinal

materials and is used to treat depression syndrome with good

clinical effects. Wang G et al. identified the antidepressant effect

of Puerariae Radix with the help of network pharmacology (8). It

has also been established that Radix Bupleuri and Radix Paeoniae

Alba have an impact on depression (9). Previous studies have

demonstrated that Chaihu Anxin capsules can significantly

improve depression-like behavior in rats induced by reserpine

and reduce corticosterone levels and hippocampal neuron damage

(10). However, because of the complex composition of the Chaihu

Anxin capsule, its primary material basis and molecular mechanism

for depression therapy remain unknown.

The current study sought to systematically investigate the

anticipated therapeutic targets and biological signaling pathways

of Chaihu Anxin Capsule against depression based on network

pharmacology and molecular docking and to further provide

bioinformatics data for follow-up clinical and basic research on

the treatment of Chaihu Anxin Capsule.
2 Materials and methods

2.1 Screening of active ingredients and
target genes

Oral bioavailability (OB) is the rate at which a medicine taken orally

and absorbed in the gastrointestinal system enters the bloodstream

through the liver. Drug-likeness (DL) is the degree to which herbal

components resemble recognized drugs structurally. With the help of the

TraditionalChineseMedicineSystemsPharmacology Database and

Analysis Platform (TCMSP, https://old.tcmsp-e.com/tcmsp.php/) (11),
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the chemical constituents in Paeoniae Radix Alba, Radix Bupleuri, Arum

Ternatum Thunb, Jujubae Fructus, Poria Cocos, licorice, Radix Puerariae,

Cinnamomi Ramulus, Zingiber Officinale Roscoe, Prunellae Spica and

Corydalis Rhizoma in Chaihu Anxin Capsule with the standard of OB

≥30% and DL ≥0.18 were retrieved as the active ingredients in this study

(12).Moreover, textmining was used to incorporate compounds that did

not fulfil the screening requirements but were described as metabolic

regulators (13, 14).
2.2 Construction of an active
ingredient-target network of
the Chaihu Anxin capsule

The target proteins of the Chaihu Anxin capsule were identified

using the UniProt database (https://www.uniprot.org/), and the

targets underwent a unified conversion to abbreviated gene names

(15). The Chaihu Anxin capsule’s active components and the

relevant targets were imported into Cytoscape 3.9.1 to organize

into a network (16).
2.3 Screening of disease targets

Targets connected to depression were found using the

GeneCards (https://www.genecards.org/), OMIM (https://

omim.org/), DrugBank (https://www.drugbank.ca/) and

Therapeutic Target Database (https://db.idrblab.net/ttd/)

databases in this study (17–20).
2.4 Screening of depression-related genes
acted upon by the active ingredients of
Chaihu Anxin Capsule

A Venn diagram was made to visualize the overlap between the

genes of the active ingredients in Chaihu Anxin capsule and

depression-related genes.
2.5 Construction of the herbal-active
ingredient-antidepressant target network

To construct the “herbal-active ingredient-antidepressant target

network” of Chaihu Anxin capsule, the intersecting genes and their

active ingredients were imported into Cytoscape 3.9.1. The

topological properties were analyzed with the “network

analyzer” function.
2.6 Construction of a protein−protein
interaction network and screening
of its core targets

To obtain the relationships of PPls, the obtained intersecting

genes were uploaded onto the STRING 11.5 platform (https://
frontiersin.org
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string-db.org/) (21). Apart from changing the minimal interaction

threshold to “medium confidence” 0.7 with medium confidence and

the species (protein species) to “Homo sapiens” (human), all other

parameters were left at their default values. The top 30 intersection

targets of Chaihu Anxin capsule against depression were identified.
2.7 GO and KEGG enrichment analyses

To explore the functions of the intersecting genes screened from

the Chaihu Anxin capsule, we analyzed the intersecting genes as

well as their roles in signaling pathways. The Kyoto Encyclopedia of

Genes and Genomes (KEGG) and a functional enrichment and

labelling tool based on Gene Ontology (GO) were both used to

accomplish this. The Metascape database (https://metascape.org/

gp/index.html#/main/step1) (22) was used as the source of the data.
2.8 Molecular docking

For the following molecular docking study, the most important

gene among the core genes was chosen. The UniProt library was

scanned for the receptor protein that the chosen gene codes for. A

copy of the protein’s structure was made from the Research

Collaboratory for Structural Bioinformatics Protein Data Bank

(RCSB PDB) library (https://www.rcsb.org/) (23). The PubChem

library (https://pubchem.ncbi.nlm.nih.gov) was used to obtain the

structures of the ligand molecules (24). The receptor protein was

dehydrated using PyMOL 2.5.0 software, and protein

hydrogenations and charges were calculated using AutoDock

1.5.6 (25, 26). Active pocket sites where small molecule ligands

attach were specified as parameters of the receptor protein docking

site. The receptor protein was then docked with the small-molecule

ligands of the Chaihu Anxin capsule’s active components using

AutoDock Vina.
3 Results

3.1 Active ingredients and potential targets

The TCMSP was used to obtain information about the 260

active components in Chaihu Anxin capsule and their targets.

OB≥30% and DL≥0.18 served as the criteria. There are 14

ingredients from Paeoniae Radix Alba, 19 ingredients from

Radix Bupleuri and 6 ingredients from Radix Puerariae. These

results are shown in Table 1 (all ingredients are listed in

Supplementary Table 1).
3.2 Active ingredient-target network

The obtained ingredients in Chaihu Anxin Capsule and their

potential targets were imported into Cytoscape software to

construct the “active ingredient-target” network. There were 497

nodes and 4317 edges in the network. These results are shown in
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Figure 1. The blue rectangle nodes represent the targets; the pink

elliptical nodes represent ingredients of Chaihu Anxin capsule.
3.3 Core action genes in the
Chaihu Anxin capsule

Using the term “antidepressant,” genes associated with

depression were found from the GeneCards, Online Mendelian

Inheritance in Man (OMIM), DrugBank and Therapeutic Target

Database databases. Based on the junction results from the TCMSP

and disease gene databases, gene intersections were created, and 153

intersection targets were acquired. These results are shown in

Figure 2 and Supplementary Table 2.
3.4 Herbal-active ingredients-
antidepressant targets network

The intersection targets and their active ingredients in Chaihu

Anxin Capsule were imported into Cytoscape 3.9.1 to structure the

“herbal-active ingredients-antidepressant targets” network. There

were 351 nodes and 2803 edges in the network. These results are

shown in Figure 3. The blue rectangle nodes represent the targets;

the elliptical nodes represent herbals of Chaihu Anxin capsule; the

diamond nodes represent ingredients of Chaihu Anxin capsule.

The active ingredients quercetin, beta-sitosterol, and kaempferol are

the three ingredients with the highest “degree” values. These results

are shown in Table 2.
3.5 Construction and screening
of a PPI between Chaihu Anxin
capsule and depression

The STRING database was used to investigate the 153

intersected genes and construct a PPI network. These results are

shown in Figure 4. Targets with scores in the top 30 were chosen as

core targets such as Interleukin-6 (IL6), Interleukin-1 beta (IL1B),

RAC-alpha serine/threonine-protein kinase (AKT1), Cellular

tumor antigen p53 (TP53), and Signal transducer and activator of

transcription 3 (STAT3). These results are shown in Figure 5

and Table 3.
3.6 KEGG pathway and GO
enrichment analyses

The 20 most enriched signaling pathways of Chaihu Anxin

capsule were enriched and screened using KEGG pathways

(P<0.05), including lipid and atherosclerosis and the AGE-RAGE

signaling pathway in diabetic complications. These results are

shown in Figure 6, 7. The size of the bubble represents the

number of targets enriched in the indicated pathway, and the

color of the bubble represents the p value of enrichment. Nodes

in red represent Chaihu Anxin Capsule-depression-related targets.
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TABLE 1 Active ingredients of Paeoniae Radix Alba, Radix Bupleuri and Radix Puerariae.

Herbal Mol ID Molecule name OB DL

Paeoniae Radix
Alba

MOL001921 Lactiflorin 49.12 0.80

Paeoniae Radix
Alba

MOL001924 paeoniflorin 53.87 0.79

Paeoniae Radix
Alba

MOL000211 Mairin 55.38 0.78

Paeoniae Radix
Alba

MOL000358 beta-sitosterol 36.91 0.75

Paeoniae Radix
Alba

MOL000359 sitosterol 36.91 0.75

Paeoniae Radix
Alba

MOL001930 benzoyl paeoniflorin 31.27 0.75

Paeoniae Radix
Alba

MOL001919
(3S,5R,8R,9R,10S,14S)-3,17-dihydroxy-4,4,8,10,14-pentamethyl-2,3,5,6,7,9-hexahydro-1H-cyclopenta[a]
phenanthrene-15,16-dione

43.56 0.53

Paeoniae Radix
Alba

MOL001925 paeoniflorin_qt 68.18 0.40

Paeoniae Radix
Alba

MOL001910 11alpha,12alpha-epoxy-3beta-23-dihydroxy-30-norolean-20-en-28,12beta-olide 64.77 0.38

Paeoniae Radix
Alba

MOL001918 paeoniflorgenone 87.59 0.37

Paeoniae Radix
Alba

MOL001928 albiflorin_qt 66.64 0.33

Paeoniae Radix
Alba

MOL000492 (+)-catechin 54.83 0.24

Paeoniae Radix
Alba

MOL000422 kaempferol 41.88 0.24

Paeoniae Radix
Alba

MOL000513 3,4,5-trihydroxybenzoic acid 31.69 0.04

Radix Bupleuri MOL000449 Stigmasterol 43.83 0.76

Radix Bupleuri MOL004718 伪-spinasterol 42.98 0.76

Radix Bupleuri MOL002776 Baicalin 40.12 0.75

Radix Bupleuri MOL004653 (+)-Anomalin 46.06 0.66

Radix Bupleuri MOL013187 Cubebin 57.13 0.64

Radix Bupleuri MOL004702 saikosaponin c_qt 30.50 0.63

Radix Bupleuri MOL004598 3,5,6,7-tetramethoxy-2-(3,4,5-trimethoxyphenyl)chromone 31.97 0.59

Radix Bupleuri MOL004624 Longikaurin A 47.72 0.53

Radix Bupleuri MOL004609 Areapillin 48.96 0.41

Radix Bupleuri MOL000354 isorhamnetin 49.60 0.31

Radix Bupleuri MOL000490 petunidin 30.05 0.31

Radix Bupleuri MOL004628 Octalupine 47.82 0.28

Radix Bupleuri MOL000098 quercetin 46.43 0.28

Radix Bupleuri MOL004648 Troxerutin 31.60 0.28

Radix Bupleuri MOL000422 kaempferol 41.88 0.24

Radix Bupleuri MOL004644 Sainfuran 79.91 0.23

Radix Bupleuri MOL001645 Linoleyl acetate 42.10 0.20

(Continued)
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The 20 pathways with the highest GO enrichment of Chaihu

Anxin capsule in biological processes, cellular components and

molecular functions were identified by GO-based functional

enrichment and annotation. These results are shown in

Figures 8A–C. These targets pertain to cellular reactions to

nitrogen compounds, xenobiotic stimuli, molecule of bacterial

origin, neurotransmitter receptor activity, and postsynaptic

membrane, among other things.
3.7 Molecular docking

IL6 (PDB ID 1ALU), IL1B (PDB ID 6Y8M), AKT1 (PDB ID

1UNP), TP53 (PDB ID 1QKT), and STAT3 (PDB ID 6QHD) were

selected for molecular docking analysis. For molecular docking, the
Frontiers in Endocrinology 05
top three active substances (quercetin, beta-sitosterol, and

kaempferol) in the network were chosen. Molecular docking

results indicated that the binding energies of the three active

ingredients with IL6, IL1B, AKT1, TP53, and STAT3 were less

than -5.0 kcal·mol-1, showing good binding force. These results are

shown in Figure 9. Through hydrogen bonding, quercetin binds to

the amino acid residues of IL6 such as PRO-141 and LYS-120; binds

to the amino acid residues of IL1B such as GLY-136, THR-137,

LEU-134, and LYS-77; binds to the amino acid residues of AKT1

such as LYS-8, TRP-99 and HIS-13; binds to the amino acid

residues of TP53 such as TYR-537; binds to the amino acid

residues of STAT3 such as GLU-435 and ARG-417. The results of

molecular docking of quercetin with five significant genes are

presented in Figures 10A–E (all results of molecular docking are

presented in Supplementary Figure 1).
TABLE 1 Continued

Herbal Mol ID Molecule name OB DL

Radix Bupleuri MOL004637 Saikosaponin D 34.39 0.09

Radix Bupleuri MOL004635 saikosaponin a 32.39 0.09

Radix Puerariae MOL000358 beta-sitosterol 36.91 0.75

Radix Puerariae MOL012297 puerarin 24.03 0.69

Radix Puerariae MOL003629 Daidzein-4,7-diglucoside 47.27 0.67

Radix Puerariae MOL002959 3’-Methoxydaidzein 48.57 0.24

Radix Puerariae MOL000392 formononetin 69.67 0.21

Radix Puerariae MOL000390 daidzein 19.44 0.19
frontiers
FIGURE 1

“Active ingredient-target” network construction. The blue rectangle nodes represent the targets; the pink elliptical nodes represent ingredients of
Chaihu Anxin capsule.
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4 Discussion

TCM has a full theoretical framework and a clinical application

history of thousands of years with rich resources. TCM includes

natural medicines with obvious curative effects, high efficiency,

safety, and low toxicity and side effects for antidepressant

treatment (4), which play a role through multiple links, targets,

and steps. The Chaihu Anxin capsule is an in-hospital preparation

from the First Hospital of Hebei Medical University and is

composed of Bupleuri radix, Paeoniae Radix Alba, Puerariae

radix and other medicinal materials. This medicine is used to

treat depression syndrome, the symptoms of which include

dizziness, asthenia, restlessness, dreaminess, and decline of living

and working abilities. The “Pharmacopoeia of the People’s Republic

of China” has recorded that Bupleuri radix tastes bitter, pungent,

and microcold, belonging to the liver, gallbladder, and lung
Frontiers in Endocrinology 06
meridians. It relieves exterior and antipyretic effects, lifting Yang

Qi and soothing liver-qi stagnation (27). Bupleuri radix was first

recorded in Sheng Nong’s herbal classic: “Bupleuri radix, mainly to

the heart and abdomen, removes the Qi in the intestines and

stomach, accumulates food, cold, and heat pathogens, and

eliminates the old to bring forth the new. Take it for a long time,

lighten your body, brighten your eyes, and improve your essence.”

Modern pharmacological studies have shown that Bupleuri radix

has sedative, antipyretic, analgesic, anti-inflammatory, immune-

enhancing, antidepressant, and antitumor effects (28). Paeoniae

Radix Alba was first recorded in Sheng Nong’s herbal classic. The

medicine tastes bitter, sour, and slightly cold and belongs to the

meridians of the liver and spleen. It nourishes blood, regulates

meridians, retains Yin, stops sweat, softens the liver, relieves pain,

and represses the liver (29). Modern research has shown that

Paeoniae Radix Alba has analgesic, anti-inflammatory, liver-
FIGURE 2

Venn diagram of the targets of Chaihu Anxin capsule and depression.
FIGURE 3

“Herbal-active ingredients-antidepressant target” network construction. The blue rectangle nodes represent the targets; the elliptical nodes
represent herbals of Chaihu Anxin capsule; the diamond nodes represent ingredients of Chaihu Anxin capsule.
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protective, antioxidant, and other effects (30–33). It has been

claimed that the drug combination of Radix Bupleuri and Radix

Paeoniae Alba can greatly lessen melancholy brought on by Chronic

Unpredictable Mild Stress (CUMS). The hypothalamic–pituitary–

adrenal (HPA) axis is regulated, neurotoxicity is inhibited, and the

production of brain-derived neurotrophic factors is controlled (9).

The desiccated root of Pueraria lobata is known as Puerariae radix.

In an ancient book titled “Treatise on febrile and miscellaneous

diseases,” it was noted that Pueraria lobata had significant benefits

for easing muscles, bringing down temperature, and reviving and

alleviating diarrhea.” According to the “Compendium of Materia

Medica,” Pueraria lobata has cooling, calming, and pleasant tastes

as well as purifying and heat-clearing properties. Pueraria lobata

can be used to treat fever, thirst, severe dysentery, diarrhea, diabetes,

and hypertension, according to the 2020 version of the

“Pharmacopoeia of the People’s Republic of China”. Puerariae

Radix and its compounds have been shown by studies in
Frontiers in Endocrinology 07
contemporary science and medicine to have antioxidant,

antihypertension, anticancer, antidiabetes/nephropathy, and

neuroprotective properties (34–38). These studies were aimed at

determining the mechanism of a single ingredient. The curative

effect of TCM depends on the joint action of various effective

components, which play a role through multiple links, targets,

and steps.

Network pharmacology can reveal the numerous components,

targets, and pathways that make up TCM’s mechanism. The

curative effect of TCM depends on the joint action of various

effective ingredients. As a result, network pharmacology is

frequently used to investigate how TCM works to cure

melancholy. For instance, Wang G et al. used network

pharmacology to identify 52 biological processes and 35 signaling

pathways associated with the antidepressant effect of Puerariae

Radix. They also obtained eight major active components, 64

potential antidepressant gene targets, and 15 core antidepressant

gene targets of Puerariae Radix (8).

In this work, the TCMSP database yielded the identification of

260 active substances. A total of 153 targets that were designated

“key targets” for PPI network building and GO-KEGG analysis were

obtained by using a Venn tool to connect the Chaihu Anxin Capsule

targets and depression targets. These 153 important targets were

uploaded to the STRING database and used to build the PPI

network. IL6, IL1B, AKT1, TP53, and STAT3 were deemed

important targets implicated in the effects of Chaihu Anxin
TABLE 2 The three active ingredients with the highest degree value of
Chaihu Anxin capsule.

Active ingredients Degree

quercetin 350

beta-sitosterol 189

kaempferol 140
FIGURE 4

PPI network of the gene targets.
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FIGURE 5

Thirty core targets determined in the PPI network.
TABLE 3 Thirty core targets.

Gene Target name

IL6 Interleukin-6

IL1B Interleukin-1 beta

AKT1 RAC-alpha serine/threonine-protein kinase

TP53 Cellular tumor antigen p53

STAT3 Signal transducer and activator of transcription 3

INS Insulin

JUN Transcription factor AP-1

CASP3 Caspase-3

BCL2 Apoptosis regulator Bcl-2

CXCL8 Interleukin-8

IFNG Interferon gamma

ALB Serum albumin

MAPK3 Mitogen-activated protein kinase 3

IL10 Interleukin-10

PTGS2 Prostaglandin G/H synthase 2

FOS Proto-oncogene c-Fos

ESR1 Estrogen receptor

CCL2 C-C motif chemokine 2

HSP90AA1 Heat shock protein HSP 90

(Continued)
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capsule on depression and had high degree values in the PPI

network. The AGE-RAGE signaling pathway in diabetic

complications and lipids and atherosclerosis were the most

enriched pathways, according to GO and KEGG enrichment

studies of the 153 important targets. After molecular docking,

quercetin, beta-sitosterol and kaempferol were discovered to

interact directly with IL6, IL1B, AKT1, TP53, and STAT3.

The quercetin, beta-sitosterol, and kaempferol components

were found through network analysis to be the most

promising ingredients. As reported, quercetin could reduce

lipopolysaccharide-induced depressive-like behaviors and

impairments in learning and memory in rats. The process

underlying this effect may involve controlling the expression of

Copine 6 and triggering receptors expressed on myeloid cells

(TREM) 1/2, which are linked to brain derived neurotrophic

factor (BDNF), in the prefrontal cortex (PFC) and hippocampus

(39). Yin Y et al. found that beta-sitosterol and its derivatives have

effects that are similar to those of antidepressants on male mature

rodents, and these effects are mediated by the 5-hydroxytryptamine

(5-HT), Dopamine (DA), and Gamma-aminobutyric acid (GABA)-

ergic systems (40). A review suggested that kaempferol modulates

several inflammation signaling pathways, including nuclear factor

kappa B (NF-kB), p38 mitogen-activated protein kinases

(p38MAPK), serine/threonine kinase (AKT), and the -catenin

cascade, to exert its multipotential neuroprotective effects (41).

The PPI network identified the IL6, IL1B, AKT1, TP53, and

STAT3 genes as significant targets. IL-6 is a peripheral or central

cytokine that plays a significant role in stress responses and

depressive disorders, particularly physical illnesses that coexist

with depression, according to evidence from animal and human

studies (42). In the central nervous system, IL-1b is released by

several cells that mediate inflammation, plays a role in central

nervous system development, and participates in neural growth and

synaptic organization. IL-1b overexpression has been associated

with exacerbated neuroinflammatory reactions as well as impaired

neurotransmission and cellular metabolism. All of these processes
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may contribute to pathological events associated with depression

(43). Studies in animal models have shown that IL-1b injection

produces depressive-like symptoms, such as anhedonia, weight loss,

fatigue, and impaired social interaction (44). AKT1, a downstream

enzyme that has been linked to the pathogenesis of

neurotransmitter-related diseases such as melancholy, has been

shown to exist (45). TP53 pathways have been shown to be the

most distinct pathways linked to major depressive disorder caused

by inflammation (46). Interactions between neurons and microglia

are essential for sustaining the nervous system, and the balance of

the nervous system is crucial for understanding the

pathophysiology of depression. The effects of microglial-derived

synaptic alterations on eliciting antidepressant-like behavior were

investigated using microglia-specific STAT3 knockout mice. The

findings of the FST, TST, sucrose preference, and open field tests

revealed that microglia-specific STAT3 deletion animals had

antidepressant-like behavior (46).

The 153 possible targets were subjected to GO enrichment

analysis and KEGG enrichment analysis. The findings of the GO

analysis suggested that cellular response to nitrogen compound,

xenobiotic stimulus, molecule of bacterial origin, neurotransmitter

receptor activity, and postsynaptic membrane may play a role in the

treatment of depression. These targets were mostly connected to

lipids and atherosclerosis as well as the AGE-RAGE signaling

pathway in diabetic complications, according to KEGG pathway

analysis. The most significant cardiovascular risk factors for a poor

prognosis in myocardial infarction patients now include chronic

depression. In a review, the importance of the central and

autonomic control of cardiac functions, or the neuro-cardiac axis,

is thoroughly explained, highlighting the functions of acute and

chronic stress, circadian rhythms, emotions and the social

environment in initiating acute cardiac events and deteriorating

heart function and metabolism in chronic cardiovascular diseases

(47). The AGE-RAGE pathway has a role in a number of

pathological situations, such as cancer, diabetes, cardiovascular

disease, and neurodegenerative disorders. Proinflammatory
TABLE 3 Continued

Gene Target name

MAPK1 Mitogen-activated protein kinase 1

MYC Myc proto-oncogene protein

CTNNB1 Catenin beta-1

IL1A Interleukin-1 alpha

ICAM1 Intercellular adhesion molecule 1

HIF1A Hypoxia-inducible factor 1-alpha

TGFB1 Transforming growth factor beta-1

MAPK8 Mitogen-activated protein kinase 8

SIRT1 NAD-dependent deacetylase sirtuin-1

NFKBIA NF-kappa-B inhibitor alpha

IL2 Interleukin-2
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cytokines (including interleukin-1, interleukin-6, and tumor

necrosis factor-a), growth factors such as vascular endothelial

growth factor (VEGF), and NF-kB activation are all mediated

through the AGE-RAGE signaling pathway, which promotes the

onset and severity of depression (48, 49). Inflammation is a critical

disease modifier that promotes susceptibility to depression. As a key

disease modulator that increases vulnerability to depression,
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inflammation is a major health issue. As a result of early life

trauma, a more pronounced stress response, microbiome changes,

hereditary disorders, or a combination of these and other variables,

controlling inflammation can have a therapeutic impact overall. As

shown in the KEGG pathway diagram, the targets included in the

lipid and atherosclerosis pathways mainly included AKT, STAT3,

IL-1b, IL-6, and TP53. Wang R (50) and other researchers found
B

A

FIGURE 6

(A) Dot plot of KEGG enrichment analysis. (B) Bar plot of KEGG enrichment analysis. The size of the bubble represents the number of targets
enriched in the indicated pathway, and the color of the bubble represents the p value of enrichment.
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that genes related to atherosclerosis and endothelial glycolysis

include AKT1, IL-6, VEGFA, TP53, STAT3, SRC and MAPK1.

These genes play a key role in atherosclerosis by regulating multiple

signaling pathways related to cell signal transduction, energy

metabolism, immune function and blood clot formation. In the

KEGG pathway map, the AGE-RAGE signaling pathway in diabetes

complications includes AKT, IL-6, STAT3 and other targets, which

all play an important regulatory role in the AGE-RAGE pathway.
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Molecular docking results confirmed that quercetin, beta-

sitosterol and kaempferol had good affinities for depression-

related molecules, such as IL6, IL1B, AKT1, TP53, and STAT3. A

review noted that quercetin could decrease the mRNA expression

levels of IL1B (51). Selvaraj Jayaraman et al. showed that beta-

si tosterol could restore the elevated serum levels of

proinflammatory cytokines such as IL-6 (52). Feng Zhang et al.

found that b-sitosterol significantly decreased the expression of
B

A

FIGURE 7

(A) Lipid and atherosclerosis and (B) AGE-RAGE signaling pathway in diabetic complications map of Chaihu Anxin Capsule for their potential
treatment of depression. Nodes in red represent Chaihu Anxin Capsule-depression-related targets.
frontiersin.org

https://meshb.nlm.nih.gov/record/ui?ui=D003863
https://meshb.nlm.nih.gov/record/ui?ui=D003863
https://doi.org/10.3389/fendo.2023.1256045
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2023.1256045
STAT3 (53). Kaempferol was proven to decrease the protein

expression of AKT and IL-6 and increase TP53 levels (54).

However, this study has some drawbacks. More research is

required to determine how Chaihu Anxin Capsule treats depression
Frontiers in Endocrinology 12
by activating the AGE-RAGE signaling pathway in diabetes

complications as well as the lipid and atherosclerosis pathways.

The mechanism of the Chaihu Anxin capsule identified in this study

also requires more analysis and verification through experimental
B

C

A

FIGURE 8

GO enrichment analysis. (A) Biological Processes. (B) Cellular Components. (C) Molecular Functions.
FIGURE 9

Molecular docking scores. (kcal·mol-1).
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investigation. The effects and molecular mechanism of Chaihu

Anxin Capsule in the treatment of depression will be further

investigated using molecular biology techniques.

5 Conclusions

In conclusion, a total of 260 active ingredients were identified

from the TCMSP database. The Chaihu Anxin capsule targets and

depression targets were intersected by using a Venn tool to obtain

153 targets, identified as “key targets” for PPI network construction

and GO\KEGG analysis. Targets with high degree values in the PPI

network included IL6, IL1B, AKT1, TP53, and STAT3. These genes

were considered significant targets involved in the effects of Chaihu

Anxin capsule on depression. KEGG enrichment analyses of the 153

key targets revealed that lipid and atherosclerosis and the AGE-

RAGE signaling pathway in diabetic complications were the most

enriched pathways. After molecular docking, quercetin, beta-

sitosterol and kaempferol were found to interact directly with IL6,

IL1B, AKT1, TP53, and STAT3. Our study elaborated the

multicomponent synergy mechanisms of the Chaihu Anxin

capsule in the treatment of depression for the first time, which

also provided a pharmacological basis for treating depression.
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