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Abstract 

OBJECTIVE: To explore the mechanisms of Yangqing 

Chenfei formula (养清尘肺方, YCF) in the treatment of 

silicosis through a comprehensive strategy consisting of 

serum pharmacochemistry, network pharmacology 

analysis, and in vitro validation. 

METHODS: An ultrahigh-performance liquid chroma-

tography-tandem mass spectrometry method was used to 

confirm the active components in YCF-medicated serum. 

Then, we obtained targets for active components and 

genes for silicosis from multiple databases. Furthermore, 

a protein-protein interaction network was constructed, 

and Kyoto Encyclopedia of Genes and Genomes 

pathway and biological process analyses were conducted 

to elucidate the mechanisms of YCF for the treatment of 

silicosis. Finally, we validated the important components 

and mechanisms in vitro. 

RESULTS: Altogether, 19 active components were 

identified from rat serum after YCF administration. We 

identified 724 targets for 19 components, which were 

mainly related to inflammation [phosphatidy linositol 3 

kinase/protein kinase B, forkhead box O, hypoxia 

inducible factor, and T-cell receptor signaling pathway, 

nitric oxide biosynthetic process], fibrotic processes 

[vascular endothelial growth factor signaling pathway, 

extracellular signal regulated kinase (ERK) 1 and ERK2 

cascade, smooth muscle cell proliferation], and apoptosis 

(negative regulation of apoptotic process). In addition, 

218 genes for silicosis were identified and were mainly 

associated with the inflammatory response and immune 

process [cytokine‒cytokine receptor interaction, tumor 

necrosis factor alpha (TNF-α), toll-like receptor, and 

nucleotide binding oligomerization domain-like receptor 

signaling pathway]. Taking an intersection of active 

component targets and silicosis genes, we obtained 61 

common genes that were mainly related to the 

inflammatory response and apoptosis, such as the 

phosphatidylinositol-3-kinase/protein kinase B signaling 

pathway, mitogen activated protein kinases signaling 

pathway, TNF signaling pathway, toll-like receptor 

signaling pathway, biosynthesis of nitric oxide, and 

apoptotic process. In the herb-component-gene-pathway 

network, paeoniflorin, rutin and nobiletin targeted the 

most genes. In vitro, paeoniflorin, rutin and nobiletin 

decreased the mRNA levels of inflammatory factors 

[interleukin (IL)-6, TNF-α, and IL-1β], suppressed p-AKT 

and cleaved caspase-3, and increased B cell lymphoma 

(Bcl)-2 protein expression in silica-induced macrophages 

in a concentration-dependent manner. 

CONCLUSION: YCF could significantly relieve the 

inflammatory response of silicosis via suppression of the 

AKT/Bcl-2/Caspase-3 pathway. 

© 2024 JTCM. All rights reserved. 
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1. INTRODUCTION 

Silicosis, a widespread and serious occupational lung 
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disease in the world, is caused by long-term exposure to 

silica.1,2 Approximately 230 million people worldwide, 

mostly from the construction and mining industries, are 

exposed to silica every year.3-5 The number of silicotic 

patients increased by 66.0% from 1990 to 2017.6 A 

persistent inflammatory response is the main 

pathological process of silicosis, which eventually leads 

to pulmonary fibrosis. Evidence suggests that silica 

significantly increases the levels of inflammatory cells 

(macrophages, neutrophils, and lymphocytes) and 

inflammatory cytokines [tumor necrosis factor alpha 

(TNF)-α, interleukin (IL)-1β, and IL-6] in the lung 

tissues and bronchoalveolar lavage fluid of silicosis 

mice.7,8 Furthermore, silica could activate the protein 

kinase B (AKT)/Caspase-3 signaling pathway, initiate 

macrophage apoptosis, and aggravate the release of 

inflammatory cytokines, ultimately leading to pulmonary 

inflammatory injury and fibrosis.9,10 

To date, there is no effective treatment for silicosis. 

Traditional Chinese Medicine (TCM) has been proven to 

be beneficial for silicotic patients. Yangqing Chenfei 

formula (养清尘肺方 , YCF), consisting of Maidong 

(Radix Ophiopogonis Japonici), Xiyangshen (Radix 

Panacis Quinquefolii), Xuanshen (Radix Scrophulariae), 

Gualou (Fructus et Semen Trichosanthis), Zhebeimu 

(Bulbus Fritillariae Thunbergii), Chishao (Radix 

Paeoniae Rubra), Yujin (Radix Curcumae Wenyujin), 

Ziwan (Radix Asteris Tatarici), Chenpi (Pericarpium 

Citri Reticulatae), Jiegeng (Radix Platycodi), is a 

formula for silicotic patients with yin deficiency and heat 

dryness syndrome. Multicenter randomized double-blind 

clinical studies have shown that YCF could effectively 

relieve the symptoms of cough, expectoration, shortness 

of breath, and dyspnea, improve the 6-minute walking 

distance, and reduce the St. George's Respiratory 

Questionnaire score,11 but the exact mechanisms need to 

be further studied. 

However, the multicomponent, multitarget and 

multichannel characteristics of TCM make its 

therapeutic mechanisms difficult to understand. Network 

pharmacology provides an effective method to study the 

mode of action of TCM.12-14 However, most network 

pharmacology for TCM prescriptions usually selects 

components from the TCM database according to oral 

bioavailability but neglects the influence of other 

components on oral bioavailability.15,16 This will result in 

a deviation from the actually absorbed ingredients. 

Serum pharmacochemistry of TCMs could analyze and 

identify the effective components in TCM medicated-

serum via liquid chromatography, mass spectrometry 

and other identification methods.17 Compared with 

searching the TCM database, using serum pharm-

acochemistry to identify the active ingredients of TCM 

prescriptions that are actually present in serum will 

increase the accuracy of target prediction. 

In this study, we explored the active ingredients and 

molecular functions of YCF for the treatment of silicosis 

via serum pharmacochemistry and network pharmacology. 

Ultrahigh-performance liquid chromatography-tandem 

mass spectrometry (UPLC-MS/MS) was used to 

determine active components from rat serum after oral 

administration of YCF. Furthermore, we obtained targets 

for active components and genes for silicosis by 

searching multiple databases. Then, we constructed a 

network and performed functional analysis to illustrate 

the potential mechanisms of YCF in treating silicosis. 

Finally, cell experiments were conducted to validate the 

molecular mechanisms predicted by network 

pharmacology. 

2. METHODS AND MATERIALS 

 Materials 

LC-MS grade acetonitrile, formic acid and high-

performance liquid chromatography-grade methanol 

were purchased from Thermo Fisher Technology Co., 

Ltd. (Shanghai, China). Standards of arginine, aspartic 

acid, baicalin, inositol, fusetin, actinoside, hyperoside, 

harpagoside, nobiletin, esculetin, synephrine, proto-

catechuic acid, eriocitrin, esculin, gallic acid, ginsenoside 

Rb1, L-malic acid, narirutin, nobiletin, oxypaeoniflorin, 

paeoniflorin, paeonol, peiminine, rutin, scopoletin, 

tangeretin and threonine were purchased from Shanghai 

Yuanye Technology Co., Ltd. (Shanghai, China). 

 Preparation of YCF 

All herbs of YCF were provided by Ruilong 

Pharmaceutical Co., Ltd. (Zhengzhou, China). YCF 

extract was prepared in fluid extract according to the 

standard operating procedure. YCF extract (0.2 mg) was 

mixed with 20 mL 70% methanol, and then the mixture 

was ultrasonicated and centrifuged. The supernatant was 

deposited at －20 ℃ for testing. 

 Animal experiment 

Male Sprague-Dawley rats (n = 20, age = 2 months, 180-

200 g) were provided by Beijing Weitong Lihua 

Experimental Animals Co., Ltd. [No. SCXK (jing) 2016-

0006]. All rats were housed in individually ventilated 

cages (CA25; Fengshi, Suzhou, China) and provided free 

access to sterile food and water. The environmental 

temperature was controlled at 20-25 ℃ . The animal 

study was reviewed by the Experimental Animal and 

Ethics Committee of the First Affiliated Hospital, Henan 

University of Chinese Medicine.The rats were randomly 

divided into a control group (n =10, 2 mL/d 0.9% normal 

saline IG) and a YCF group (n = 10, 48.6 g·kg-1·d-1 YCF 

extract IG). The human equivalent doses of YCF were 

calculated using Equation 1, where D = dose (mg/kg); K 

= body shape index; and W = body weight. After 

corresponding treatment for 7 d, rats were euthanized . 

Blood samples were harvested 2 h after oral 

administration via the oculi chorioidea vein. Then, the 

serum samples were separated and stored at －80 ℃ until 

analysis. 

𝐷𝑟𝑎𝑡 = 𝐷ℎ𝑢𝑚𝑎𝑛 × (
𝐾𝑟𝑎𝑡

𝐾ℎ𝑢𝑚𝑎𝑛
) ×

(
𝑊𝑟𝑎𝑡

𝑊ℎ𝑢𝑚𝑎𝑛
)
2

3
 (1) 
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 Preparation of serum samples 

A protein precipitation procedure was used to extract 

components from medicated serum of YCF. One 

hundred microliters of serum were mixed with 300 μL of 

acetonitrile. The mixture was vortex-mixed for 3 min and 

allowed to stand for 5 min at 4 ℃. After centrifugation 

at 13 000 rpm for 10 min at 4 ℃, 300 μL of supernatant 

liquid was collected into a new tube and dried. The dried 

extract was mixed with 50 μL of 50% acetonitrile, and 

35 μL of supernatant was taken for analysis. 

 Identification of active components 

We combined a Dionex Ultimate 3 000 UPLC system 

(Thermo Fisher Scientific, Germering, Germany) with a 

Thermo Scientific Q Exactive Orbitrap mass spectrometer 

(Thermo Fisher Scientific, Bremen, Germany) for the 

analysis of the YCF extract and medicated serum. 

The samples were added to a Phenomenex Synergi Polar-

RP (Los Angeles, CA, USA) (2 mm × 150 mm, 4 μm) at 

40 ℃. Mobile phase A was water and 0.1% formic acid. 

Mobile phase B was ACN and 0.1% formic acid. The 

gradient elution conditions were as follows: 0% B (0-

5 min), 0% B to 22% B (5-14 min), 22% B to 28% B 

(14-20 min), 28% B to 36% B (20-36 min), 36% B to 

45% B (36-42 min), 45% B to 100% B (42-62 min), 

100% B (62-67 min), then back to 0% B (67-69 min), 

and finally stopped at 69 min. The flow rate was 

0.3 mL/min, and the sample volume was 5 μL. 

The mass spectrometer was equipped with an 

electrospray ion source, and the spray voltage for 

positive/negative ion mode was set at 3 500 V/2 800 V. 

Sheath gas and aux gas were set at 40 and 10 Arb, 

respectively. The capillary temperature and aux gas 

heater temperature were set at 325 ℃ and 300 ℃ , 

respectively. Full scans were performed from m/z 100 to 

1500 at a resolution of 70 000, an auto gain control (AGC) 

target of 3 × 106 and a maximum injection time of 0.2 s. 

The target MS2 scan was performed at a resolution of 

17 500 K, the isolation width was set as 4.0 Da, with an 

AGC target of 2 × 105 and a maximum injection time of 

0.1 s. 

 Targets and gene prediction 

Targets for the active component of YCF were obtained 

from the Traditional Chinese Medicine systems 

pharmacology (TCMSP) (https://old.tcmsp-e.com/ 

tcmsp.php), PharmMapper (http: //www.lilab-

ecust.cn/pharmmapper/), and SwissTargetPrediction 

(http: //www.swisstargetprediction.ch/) databases. Genes 

of silicosis were obtained from the Comparative 

Toxicogenomics Database (CTD) (http: //ctdbase.org/), 

DisGeNET (https: //www.disgenet.org/) and GeneCards 

(https: //www.genecards.org/) databases. Only genes 

related to silicosis that appeared in 2 or 3 databases were 

accepted. All protein names were transformed into gene 

names in the UniProt (https://www.uniprot.org/) database. 

 Network construction 

Active component targets and silicosis genes were 

brought into the STRING (https: //cn.string-db.org/) 

database to obtain the interacting proteins, restricted 

organism as “Homo sapiens”. Consequently, protein‒

protein interaction (PPI) networks were constructed 

using Cytoscape 3.8.2, and subnetworks were extracted 

according to node degree. The herb-component-target 

network and herb-component-gene-pathway network 

were established using Cytoscape 3.8.2. 

 Functional enrichment analysis 

Kyoto Encyclopedia of Genes and Genomes (KEGG) 

pathway and biological process (BP) enrichment 

analyses were performed by Database for Annotation, 

Visualization and Integrated Discovery (DAVID) (https: 

//david.ncifcrf.gov/). All results were visualized by 

Bioinformatics (http: //www.bioinformatics.com.cn/). 

 Cell culture and treatment 

Mouse alveolar macrophages (MHS) were purchased 

from Zishi Biological Technology Co., Ltd. (20210406-

2114Y, Shanghai, China) and maintained in 1640 

medium (Solarbio, 31 800, Beijing, China) 

supplemented with 4.5 g/L glucose, 100 U/mL penicillin, 

100 μg/mL streptomycin and 10% fetal bovine serum 

(Lonsera, Montevideo, Uruguay) in a humidified 

atmosphere containing 5% CO2 at 37 ℃. 

The MHS cells were plated into 96-well plates (1.0 × 

104 cells/well). Then, the cells were treated with 

different concentrations of active components for 6 h. 

Next, the medium was replaced with 100 μL of 1 640 

medium containing 10 μL of CCK8 reagent (Abbkine, 

KTA1 020, Wuhan, China). After 1 h of culture, the 

absorbance of each well was recorded at 450 nm by a 

microplate reader Thermo, Waltham, MA, USA). 

The MHS cells were plated into 6-well plates (1.0 × 106 

cells per well). Cells were treated with different 

concentrations of active components and stimulated 

simultaneously with silica (50 μg/cm2) for 6 h. The cells 

were collected for further analysis. 

 Western blot assay 

Total protein of MHS cells was extracted by using 

icedradio immunoprecipitation assay buffer. The protein 

concentration was determined by bicinchoninic acid 

assay. Equal amounts of protein were fractionated by 

electrophoresis on 12.5% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis gels and then 

transferred to polyvinylidene difluoride (PVDF) 

membranes (Millipore, Boston, MA, USA). The 

membranes were blocked with 5% (w/v) nonfat milk and 

then incubated with primary antibodies [anti-AKT (1∶ 

1000 dilution, 4685S, CST, Beverly, MA, USA), anti-p-

AKT (1∶1000 dilution, 4060S, CST, Beverly, MA, 

USA), anti-Bcl-2 (1 ∶ 1000 dilution, 12789-T-AP, 

Proteintech, Wuhan, China), anti-cleaved caspase-3 (1∶
1000 dilution, 9664, CST, Beverly, MA, USA), and 

anti-glyceraldehyde-3-phosphate dehydrogenase  (1∶
5000 dilution, 10494-1-AP, Proteintech, Wuhan, 

China)] at 4 ℃ overnight. Subsequently, the PVDF 

https://cn.string-db.org/
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
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membranes were washed and incubated with secondary 

antibodies at room temperature for 1 h. Finally, the bands 

were visualized by an enhanced chemiluminescence kit 

(yamei, Shanghai, China) and imaging system (ChemiDoc 

MP, Hercules, CA, USA), and quantified by Image Lab 

software. 

 Real-time quantitative polymerase chain reaction 

(qPCR) assay 

Total RNA was extracted using QIAzol lysis reagent 

(Qiagen, 79306, Dusseldorf, Germany) following the 

manufacturer’s instructions and reverse-transcribed into 

cDNA with the HiScript®ⅡQ RT SuperMix kit (Vazyme, 

R223, Nanjing, China). Then, the cDNA was used for 

qPCR with the ChamQ Universal Synergy Brands qPCR 

Master Mix kit (Vazyme, Q711, Nanjing, China). Mubb 

was used as an internal control. The sequences of the 

primer pairs were IL-6 F: CTGCAAGAGACTTCCA-

TCCAG, IL-6 R: AGTGGTATAGACAGGTCTGTTGG; 

IL-1β F: GAAATGCCACCTTTTGACAGTG, IL-1β R: 

TGGATGCTCTCATCAGGACAG; TNF-α F: CAGG-

CGGTGCCTATGTCTC, TNF-α R: CGATCACCCCG-

AAGTTCAGTAG; Mubb F: TGGCTATTAATTATT-

CGGTCTGCA, Mubb R: GCAAGTGGCTAGAGTG-

CAGAGTAA. 

 Statistical analysis 

The data were analyzed using SPSS statistics 22.0 

software (IBM Corp., Armonk, NY, USA) and expressed 

as the mean ± standard deviation. One-way analysis of 

variance was performed to detect significant differences 

among the groups. P < 0.05 was considered significant. 

3. RESULTS 

 Chemical profiling of components in the YCF 

extract 

A UPLC-Q-MS/MS method was used to identify 

chemical constituents in the YCF extract via positive and 

negative modes. As shown in supplementary Figure 1A, 

270 chemical constituents were identified from the YCF 

extract according to the MS information, fragmentation 

pattern of standards and published reports. Among the 

270 chemical constituents, 14 were unique to Zhebeimu 

(Bulbus Fritillariae Thunbergii), 22 to Ziwan (Radix Asteris 

Tatarici), 37 to Chenpi (Pericarpium Citri Reticulatae), 29 

to Chishao (Radix Paeoniae Rubra), 10 to Gualou (Fructus 

et Semen Trichosanthis), 48 to Jiegeng (Radix Platycodi), 9 

to Maidong (Radix Ophiopogonis Japonici), 35 to 

Xiyangshen (Radix Panacis Quinquefolii), 9 to Xuanshen 

(Radix Scrophulariae), 14 to Yujin (Radix Curcumae 

Wenyujin), and 27 compounds were multiple resourced. In 

addition, the remaining 11 constituents were identified as 

isomers, and their structures need to be further confirmed. 

In terms of chemical structure, 61 flavonoids, 61 

saponins, 37 saccharides, 24 alkaloids, 17 organic acids, 

12 fatty acids, 10 terpenoids, 7 coumarins, 6 amino acids, 

and 35 other compounds were identified from the YCF 

extract. According to the retention time and MS spectra 

of standards, 28 chemical ingre 

 Chemical profiling of YCF-medicated serum 

We further conducted chemical profiling of ingredients 

in YCF-medicated serum. In total, 128 prototype 

components were determined in YCF-medicated serum, 

including 29 saponins, 24 flavonoids, 17 alkaloids, 16 

saccharides, 12 organic acids, 6 amino acids, 5 

coumarins, 4 fatty acids, 1 terpenoid, and 14 other 

compounds. After comparison with the standards, 19 

components were identified from YCF-medicated serum 

(Table 1, supplementary Figure 1B).  

 Functional analysis of the candidate active 

component targets 

The 19 components identified from YCF-medicated 

serum may exert a comprehensive effect by acting on 

Table 1 Information of the 19 active components in YCF medicated-serum 

No. Component Formula RT m/z 

1 Arginine C6H14N4O2 1.28 175.12 

2 Aspartic acid C4H7NO4 1.32 134.04 

3 Baicalin C21H18O11 21.71 447.09 

4 Eriocitrin C27H32O15 16.98 595.17 

5 Esculin C15H16O9 13.39 339.07 

6 Gallic acid C7H6O5 4.17 169.01 

7 Ginsenoside Rb1 C54H92O23 26.34 1109.61 

8 L-Malic acid C4H6O5 1.64 133.01 

9 Narirutin C27H32O14 18.53 581.19 

10 Nobiletin C21H22O8 39.61 403.14 

11 Oxypaeoniflorin C23H28O12 13.97 495.15 

12 Paeoniflorin C23H28O11 15.83 479.16 

13 Paeonol C9H10O3 28.07 167.07 

14 Peimine C27H45NO3 20.61 432.35 

15 Peiminine C27H43NO3 22.09 430.33 

16 Rutin C27H30O16 16.88 609.15 

17 Scopoletin C10H8O4 18.34 193.05 

18 Tangeretin C20H20O7 43.03 373.13 

19 Threonine C4H9NO3 1.32 120.07 

Notes: YCF: Yangqing Chenfei formula. 
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multiple targets. We obtained 724 targets for the 19 

active components from the TCMSP, PharmMapper, and 

SwissTargetPrediction databases and then constructed an 

herb-component-target network (750 nodes, 5 626 edges, 

supplementary Figure 1C). In the network, tangeretin 

connected the most targets, followed by rutin and esculin. 

To better analyze the effect of targets, top 100 hub targets 

(supplementary Figure 2B) were screened out from the 

PPI network of 724 active component targets according 

to their degree value, and KEGG and BP analyses were 

performed. Subsequently, 125 KEGG terms and 543 

biological process terms were enriched with the top 100 

hub targets. The top 20 KEGG pathways (Figure 1A) and 

top 10 biological processes (Figure 1B) could be 

categorized as inflammation regulation [forkhead box 

protein O (FoxO) signaling pathway, hypoxia inducible 

factor (HIF)-1 signaling pathway, phosphatidy linositol 

3 kinase/protein kinase B (PI3k-AKT) signaling pathway, 

nitric oxide biosynthetic process], immune reaction 

(hepatitis B, influenza A, T-cell receptor signaling 

pathway), fibrotic process [vascular endothelial growth 

factor (VEGF) signaling pathway, focal adhesion, cell 

proliferation, ERK1 and ERK2 cascade, smooth muscle 

cell proliferation], cell apoptosis (apoptotic process), and 

so on. In addition, the top 20 targets (supplementary 

Figure 2C) were mainly associated with inflammation 

[IL6, TNF, IL1B, latrix metalloproteinase (MMP) 9, 

AKT1, and signal transducer and activator of 

transcription (STAT) 3], fibrotic processes [vascular 

endothelial growth factor A and epidermal growth factor 

receptor], and apoptosis [cysteinyl aspartate specific 

proteinase (CASP) 3]. Therefore, our results indicated 

that YCF exerts broad therapeutic effects on 

inflammation, the immune system, fibrosis and apoptosis.  

 Functional analysis of silicosis genes 

We identified 218 genes for silicosis from the CTD, 

DisGeNET and GeneCards databases and constructed a 

PPI network-using Cytoscape. After calculating the 

degree value, the top 20 genes (supplementary Figure 

3C), such as IL6, TNF, IL1B, CXC motif chemokine 

ligand (CXCL) 8, CC motif Chemokine ligand (CCL) 2, 

IL4, and toll like receptor (TLR) 4, were mostly related 

to inflammation. The top 100 genes (supplementary 

Figure 1 Functional analysis of the active component targets 

A: top 20 pathways enriched by the top 100 active component targets; B: top 10 biological processes enriched by the top 100 active component 

targets. The larger the pvalue, the redder the color. The size of the node is proportional to its count. KEGG: Kyoto Encyclopedia of Genes and 

Genomes. 
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Figure 3B) were used to perform KEGG and BP analysis 

by DAVID, and 109 KEGG terms and 626 BP termswere 

enriched. In order of P values, the top 20 pathways 

(Figure 2A) and top 10 biological processes (Figure 2B) 

were mostly associated with inflammation and the 

immune system, such as the TNF signaling pathway, 

nucleotide binding oligomerization domain (NOD)-like 

receptor signaling pathway, toll-like receptor signaling 

pathway, cellular response to lipopolysaccharide, and 

cytokine‒cytokine receptor interaction. Obviously, the 

inflammatory reaction was the main pathological 

mechanism of silicosis.  

 Functional analysis of intersecting genes 

Taking the intersection of active component targets and 

silicosis genes, 61 common genes were obtained and 

used to construct a PPI network (supplementary Figure 

4). In order of degree value, the top 10 hub targets, 

including inflammatory mediators (IL6, TNF, IL1B, 

MMP9), apoptosis gene (CASP3) and key signaling 

protein gene (AKT1), were screened out from the PPI 

network of 61 common genes. Additionally, 100 KEGG 

terms and 407 BP terms were enriched with the 61 

common genes. According to the P value, the top 20 

pathways (Figure 3A) were related to inflammatory 

responses, such as the TNF signaling pathway, toll-like 

receptor signaling pathway, phosphatidylinositol-3-

kinase (PI3K)/protein kinase B (AKT) signaling pathway, 

and mitogen activated protein kinases (MAPK) signaling 

pathway. As shown in Figure 3B, among the top 5 

biological processes, the regulation of the apoptotic 

process had the highest number of genes. Therefore, we 

predicted that YCF alleviates the inflammatory response 

of silicosis via regulation of apoptosis. We also 

constructed an herb-component-target-pathway network, 

which consisted of 7 herbs, 19 active components, 42 

common genes, and the top 20 pathways (88 nodes, 618 

edges, Figure 3A). In the network, paeoniflorin, 

nobiletin and rutin targeted 24, 23 and 22 genes, 

respectively. These three components may play an 

important role in the treatment of silicosis. 

Subsequently, we verified the effects of paeoniflorin, 

rutin and nobiletin on the inflammatory response in 

silica-induced macrophages.  

Figure 2 Functional analysis of the silicosis genes 

A: top 20 pathways enriched by the top 100 silicosis genes; B: top 10 biological processes enriched by the top 100 silicosis genes. The larger 

the pvalue, the redder the color. The size of the node is proportional to its count. KEGG: Kyoto Encyclopedia of Genes and Genomes. 
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Figure 3 Intersection analysis of active component targets and silicosis genes 

A: herb-component-gene-pathway network; B: biological process analysis of 61 common genes. Rhombus represents herb, round represents 

active component, hexagon represents gene, arrow represents pathway. The size of the node is proportional to its degree. YCF: Yangqing 

Chenfei formula; ZW: Ziwan (Radix Asteris Tatarici); JG: Jiegeng (Radix Platycodi); GL: Gualou (Fructus et Semen Trichosanthis); ZB: 

Zhebeimu (Bulbus Fritillariae Thunbergii); XYS: Xiyangshen (Radix Panacis Quinquefolii); CS: Chishao (Radix Paeoniae Rubra); CP: Chenpi 

(Pericarpium Citri Reticulatae). 
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 YCF inhibits the inflammatory response of silica-

induced macrophages 

Inflammation is the major characteristic of silicosis, and 

macrophages are the predominant contributors.18 Based 

on the network pharmacology results, both silicosis 

genes and active component targets were mainly 

associated with inflammation. Therefore, we detected the 

effect of paeoniflorin, nobiletin and rutin on the 

inflammatory response in silica-induced macrophages. 

As shown in supplementary Figure 5, silica exposure 

markedly increased the mRNA levels of IL-6, TNF-α and 

IL-1β in macrophages. However, paeoniflorin, rutin and 

nobiletin reversed this change in a dose-dependent 

manner and had no significant effect on cell viability. 

Therefore, YCF could markedly inhibit the inflammatory 

response. 

 YCF inhibits the AKT/Bcl-2/Caspase-3 pathway in 

silica-induced macrophages 

Given that the PI3K/AKT pathway and apoptosis process 

are involved in anti-silicosis action, we next used western 

blotting to determine the effect of active components on 

the PI3K/AKT pathway and proapoptotic markers. As 

shown in supplementary Figure 6, silica markedly 

increased p-AKT and cleaved caspase-3 but decreased 

Bcl-2 protein expression. In contrast, paeoniflorin, 

nobiletin and rutin inhibited p-AKT and cleaved caspase-

3 protein expression but increased Bcl-2 protein 

expression in a dose-dependent manner. Consequently, 

YCF may exert anti-inflammatory effects via 

suppression of the AKT/Bcl-2/Caspase-3 signaling 

pathways.  

4. DISCUSSION 

Silicosis is a serious occupational lung disease 

characterized by chronic inflammation and pulmonary 

fibrosis, and effective curative medications are still 

lacking. Emerging evidence indicates the superiority of 

TCM in treating silicosis.14,19 YCF, a TCM formula for 

the treatment of pneumoconiosis, has satisfactory 

clinical efficacy.11 In vivo studies showed that YCF could 

remarkably improve the lung function and pathological 

damage of silicotic rats, reduce the aggregation of 

fibrocytes and deposition of ECM, and inhibit the 

infiltration of inflammatory cells and the secretion of 

inflammatory factors in the lung.20,21 However, it is 

difficult to use traditional pharmacological research to 

identify the effective components and mechanisms of 

YCF in the treatment of silicosis. Thus, new methods to 

determine the active components and uncover the 

mechanisms of YCF for the treatment of silicosis are 

urgently needed. Herein, a comprehensive strategy 

consisting of the identification of effective components, 

functional analysis and validation experiments was used 

to explore the active components and molecular 

mechanisms of YCF in treating silicosis. 

In this study, 19 active components, such as tangeretin, 

rutin, esculin, paeoniflorin, and ginsenoside Rb1, were 

identified from YCF-medicated serum via UPLC-MS/ 

MS. These active components, as therapeutic substances 

of YCF, generally exert multiple bioactivities by acting 

on multiple proteins. Thus, we identified 724 putative 

targets for the 19 components. Tangeretin targets the 

highest number of proteins. The KEGG pathway and 

biological process analysis indicated that the major 

bioactivity of targets included the regulation of 

inflammation, immune response, fibrotic process, and 

cell apoptosis. Previous research has found that 

Tangeretin can ameliorate the inflammatory response 

induced by LPS or IL-1β by inhibiting Notch signaling 

and PI3K/AKT signaling.22 Baicalin not only ameliorates 

neuroinflammation through inhibition of the PI3K/AKT/ 

FoxO1 pathway but also relieves cardiomyocyte 

apoptosis induced by hypoxia via HIF1α/BCL2 

interacting protein 3.23,24 Paeoniflorin exerts anti-

inflammatory, antifibrotic and immunomodulatory 

effects by regulating the MAPK/nuclear factor-kappa, 

PI3K/AKT, and janus kinase/STAT signaling 

pathways.25,26 Rutin and ginsenoside Rb1 have an 

advantage in reducing proinflammatory markers (IL-6, 

TNF-α, IL-1β) and proapoptotic markers (Bax, Bcl-2, 

Caspase-3),27-31 and ginsenoside Rb1 also has a certain 

effect on organ fibrosis.32,33 Furthermore, the 20 hub 

targets, such as IL6, TNF, IL1B, MMP9, AKT1, and 

STAT3, were closely related to the inflammatory 

response. Thus, we can conclude that YCF exerts anti-

inflammatory, antifibrotic and antiapoptotic effects via 

regulation of multiple pathways and targets, and the 

regulation of inflammation is more prominent. 

Inflammation is essential for the progression of silicosis 

and leads to pulmonary fibrosis. The pathways and 

biological processes enriched by silicosis genes were key 

signaling pathways in the regulation of inflammation. 

Furthermore, most of the hub genes, such as CCL2, IL4, 

CXCL8, IL6, MAPK3, IL10, TLR4, TNF, IL1B, and 

AKT1, were also closely related to inflammatory and 

immune responses. For instance, the levels of TNF-α, IL-

6 and IL-1β were markedly elevated in the alveolar 

lavage fluid of silicosis mice.9 Silica exposure activated 

the NOD signaling pathway in macrophage cells and 

initiated the inflammatory response and cell apoptosis.10 

Furthermore, activation of the TLR4/ myeloid 

differentiation factor 88/TIR domain-containing adaptor 

protein pathway and NOD-like receptor family protein 3 

inflammasome also contributed to the inflammatory 

response of silicosis.34,35 These results confirmed that 

inflammation was the main pathological mechanism in 

the development of silicosis. 

A previous study found that YCF could inhibit the 

infiltration of inflammatory cells in the lungs of silicotic 

rats and reduce the release of inflammatory factors.21 

Intersection analysis also suggested that inhibition of 

inflammation may be the critical mechanism of YCF in 

treating silicosis. For instance, the top 20 pathways 

enriched by common genes were important pathways for 

the regulation of the inflammatory response; hub genes, 
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such as IL-6, TNF-α, IL-1β, AKT, and MMP9, were 

closely related to inflammation. Furthermore, the 

biological process analysis revealed that inhibition of 

apoptosis may be the underlying mechanism of YCF in 

alleviating silicotic inflammation. Increasing evidence 

has shown that apoptosis is closely related to 

inflammation.36 We also constructed an herb-

component-gene-pathway network. In the network, 

paeoniflorin targeted the highest number of genes, 

followed by rutin and nobiletin. These components may 

play a critical role in the treatment of silicosis. 

Paeoniflorin has been proven to lower the level of 

inflammatory cytokines and inhibit cell death by 

decreasing caspase‑3 activity and increasing the 

Bcl‑2/Bax ratio.37,38 Rutin could lower the levels of TNF-

α, IL-6 and IL-1β by suppressing the PI3k-AKT 

signaling pathway.30 Nobiletin can also exert protective 

effects on many diseases via suppression of 

inflammation and apoptosis.39 Therefore, we predicted 

that active components of YCF may exert anti-

inflammatory effects via inhibition of proapoptotic 

markers for the treatment of silicosis. 

Increasing evidence has shown that inflammation is an 

important pathological process in silicosis and is 

associated with activation of the AKT/Bcl-2/Caspase-3 

pathway.40 TCM formulas and components have a 

relatively satisfactory anti-inflammatory effect on 

silicosis via suppression of the AKT-related pathway and 

apoptosis. Oleanolic acid could decrease the serum level 

of TNF-α by reducing p-AKT expression in silicotic 

mice.41 Coelonin effectively decreased IL-1β, IL-6 and 

TNF-α mRNA and protein expression, and the inhibition 

of AKT phosphorylation may be the possible 

mechanism.42 Dahuang Zhechong pills (大黄蛰虫丸) 

reduced the secretion of inflammatory factors in silica-

induced MH-S cells by reducing apoptosis.14 Tre 

alleviated silica-induced pulmonary inflammation via 

upregulation of Bcl-2 and downregulation of caspase-3.43 

Similarly, our results highlight that paeoniflorin, rutin 

and nobiletin reduced the mRNA expression of TNF-α, 

IL-1β and IL-6 and suppressed the AKT/Bcl-2/Caspase-3 

pathway in silica-induced macrophages in a 

concentration-dependent manner. Based on the above 

results, we predicted that YCF could play an anti-

inflammatory role in treating silicosis, and inhibition of 

the AKT/Bcl-2/Caspase-3 pathway may be the 

underlying mechanism. 

In conclusion, this work uncovered the effective 

components and pharmacological mechanism of YCF in 

the treatment of silicosis by using a comprehensive 

strategy consisting of the identification of effective 

components, functional analysis and validation 

experiments. YCF exhibits anti-inflammatory effects via 

suppression of the AKT/Bcl-2/Caspase-3 pathway in 

treating silicosis. 

5. SUPPORTING INFORMATION 

Supporting data to this article can be found online at 

http://journaltcm.cn. 
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