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A B S T R A C T   

Background: In the Qing dynasty, Yanghe decoction was as a therapeutic soup for effectively 
treating chronic inflammatory disorders. It was used as a therapeutic soup for effectively treating 
chronic inflammatory disorders. In the clinical use of Yanghe decoction, the adjustment of the 
medication for a variety of inflammatory diseases have therapeutic effect, including mastitis. 
Therefore, Jiawei Yanghe decoction (JWYHD) may be used to treat inflammatory breast diseases. 
Methods: First, LM- and JWYHD-related components were retrieved from the database and 
analysis platform. Next, protein–protein interaction networks were constructed to screen the key 
targets, and gene ontology and Kyoto encyclopedia of gene and genome enrichment analyses were 
performed to predict the potential biological functions and mechanisms of JWYHD. Simulta
neously, the JWYHD samples were collected and analyzed by UPLC–HRMS. Finally, in vivo and in 
vitro experiments were conducted to construct animal and cellular inflammation models of 
mastitis with LPS. Pathological changes in the mammary tissues were detected. Enzyme-linked 
immunosorbent assay, reverse transcription-polymerase chain reaction, and Western blotting 
was performed to determine the mRNA and protein levels of inflammatory cytokines and toll-like 
receptor 4/myeloid differentiation primary response 88/nuclear factor kappa B signaling 
pathway in the breast tissues to elucidate the potential underlying mechanisms of anti-mastitis 
effects of JWYHD from different aspects. 
Results: In total, 103 compounds were detected in JWYHD by UPLC–HRMS. 691 active ingredients 
of JWYHD were screened by network pharmacology, and 47 LM-related targets were identified. 
The PPI network analysis of the targets revealed the 5 core targets. The KEGG enrichment results 
established the NF-κB signaling pathways as the core. After JWYHD intervention, low 
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inflammatory enrichment and mild inflammatory damage in breast tissues were observed. 
Furthermore, JWYHD treatment affected mammary gland inflammatory cytokines and the TLR4/ 
Myd88/NF-κB signaling pathway by considerably reducing the respective protein levels and gene 
expression; thus, JWYHD alleviated LM symptoms. 
Conclusions: We hypothesized and demonstrated the anti-inflammatory effects of JWYHD by 
cytokine regulation via the TLR4/Myd88/NF-κB signaling pathway. In conclusion, JWYHD 
showed its potential in LM treatment and in treating other acute and chronic inflammatory 
diseases.   

1. Introduction 

Also known as acute mastitis, lactation mastitis (LM), is a disease that affects approximately 33 % of postpartum women about six 
weeks after delivery [1]. Early local LM symptoms include redness, swelling, heat, pain, and decreased breast milk production, with or 
without systemic symptoms, such as fever, chills, and headache [2], as well as varying degrees of nipple cracking and milk clotting. 
Moreover, if the inflammation is not promptly controlled and treated, 11 % of patients develop breast abscesses [3,4]. LM harms the 
health and quality of life of breastfeeding mothers and infants, by creating burdens of disease and exposing them to risks of 
life-threatening conditions [5]. Moreover, some 10 % of LM patients discontinue breastfeeding [6], making it one of the most sig
nificant barriers to increasing breastfeeding rates [7,8]. 

The development of breast inflammation is a standard and complex process. In postpartum women, bacteria can access mammary 
glands retrogradely through the nipple tubes, inducing the production of inflammatory cytokines by typical immune and inflammatory 
cells, such as interleukin (IL)-1, IL-6, and tumour necrosis factor (TNF)-α [9–12]. Antibiotic therapy is a preferred treatment for 
alleviating breast inflammation symptoms [2,8]. However, continuous antibiotic use can induce bacterial resistance, increase the risk 
of infection and severely disrupt the homeostasis of the human microbiota [13–16]. In addition, the widespread use of antibiotics can 
severely disrupt the ecological stability and species diversity of normal human microflora [17]. Studies have investigated the effects of 
ciprofloxacin on the intestinal microflora of three healthy individuals via sequencing; results suggested that the diversity of the 
microflora in the subjects was reduced and did not recover even after six to ten months of discontinuing the antibiotics. In addition, 
low-abundance flora became completely extinct [18,19]. Thus, the need for alternative therapeutic approaches for treating breast 
inflammation is indicated. Herbs from traditional Chinese medicine (TCM), both in formulations and as a single active ingredient, have 

Abbreviations 

JWYHD Jiawei Yanghe Decoction 
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shown low resistance to the dual regulation of a bacterium and a host by altering the permeability of biological membranes and ion 
channels and inhibiting bacterial enzyme activities [20–22]. For a more effective and early prevention and treatment of LM and to 
reduce its incidence and the progression of breast abscesses, the use of herbal medicines from TCM can be a potential treatment 
approach [23,24]. 

A Yanghe decoction, of seven herbs, namely Rehmannia glutinosa (Gaertn.) DC.(RGD),Cervus.elaphus Linnaeus(CEL),Zingiber 

Fig. 1. Depiction of a network pharmacology-based approach to comprehend JWYHD’s chemical mode of action against LM.  
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officinale Roscoe(ZOR), Cinnamomum cassia (L.) D. Don.(CCD), Ephedra sinica Stapf (ESS),Sinapis alba L.(SA) and Glycyrrhiza uralensis 
Fisch.(GUF), was first mentioned in Hongxu Wang’s “The Complete Collection of Surgical Evidence and Treatment”in the Qing Dynasty 
[25]. Studies have reported the frequent use of the Yanghe decoction, with or without other compounds, in clinical practice to treat 
inflammatory diseases, such as immune thyroid disease, osteoporosis, and pulmonary asthma, by reducing inflammation and regu
lating immunity [26–28]. In addition, the prior clinical use of the Yanghe decoction, with or without other compounds, for in treating 
LM, reduced inflammatory factors, including TNF-α and considerably alleviated disease symptoms [29]. Nonetheless, there is a need 
for a clear explanation of the underlying mechanism of action of the Yanghe decoction. Gypsophila vaccaria (L.) Sm.(GVS) and Leonurus 
japonicus Houtt.(LJH) have been added to a Jiawei Yanghe decoction (JWYHD) to increase tits efficacy in postpartum women 
considering their physiological characteristics, which are characterised by “many deficiencies and stasis” during this period.(The plant 
name has been checked by MPNS and the medicinal animal ingredient has remained consistent in common use). This study used 
ultra-performance liquid chromatography–high-resolution mass spectrometry (UPLC-HRMS) to analyze, the chemical composition of 
JWYHD. Then, network pharmacology was combined with molecular docking to validate the network pharmacology predictions 
regarding the targets and potentially significant pathways of JWYHD against LM. Based on in vivo and invitro experiments in the 
animal and cells, we further validated the effects of JWYHD on lipopolysaccharide (LPS)-induced LM were validated. The results of this 
study provide experimental data promoting the continued development and clinical use of JWYHD, as well as an experimental basis for 
the study of the role of Chinese anti-inflammatory medicine in treating related diseases. Fig. 1 illustrates the research methodology. 

2. Materials and methods 

2.1. Identification of the main chemical components by UPLC-HRMS 

For the identification, approximately 1.0 g of JWYHD sample was taken in a 15-mL centrifuge tube, treated with 10 mL of 70 % 
methanol aqueous solution, vortexed, sonicated for 90 min, and centrifuged at 16000×g for 15 min at 4 ◦C. Then, 1.0 mL of the su
pernatant was freeze-dried under vacuum, and 2 mL of a 40 % methanol aqueous solution was added to the sample residue after 
lyophilization, vortexing, and centrifuging at 16000×g for 15 min at 4 ◦C. For UPLC-HRMS analysis, the supernatant was extracted. 

Chromatography conditions: the extracts of YQHX were analyzed by using the Vanquish UHPLC system (Thermo Scientific, 
Waltham, MA) fitted with an HSS-T3 column (100 × 2.1 mm, 1.8-μm particle size, Waters) at a column compartment temperature of 
35 ◦C. Mobile phase A was composed of H2O + 0.1 % formic acid; mobile phase B was composed of acetonitrile +0.1 % formic acid (LC- 
MS grade solvents, Fisher Chemical). The samples were separated using the following gradient at the flow rate of 0.3 mL/min: 1 min 
isocratic at 5 % B, 98 % B in 16 min, 5 % B in 0.5 min, and 2.5 min isocratic at 5 % B. 

Mass spectrometry conditions: The UHPLC system was coupled with the Q-Exactive HFX Mass Spectrometer (Thermo Fisher Sci
entific, Bremen, Germany). Mass spectra were acquired in the positive and negative electrospray ionization modes (ESI) using data- 
dependent acquisition (DDA) mode with a mass range of 90–130 m/z. The MS/MS spectra were generated using the 10 most- 
intense MS1 ions. The stepped normalized high-energy dissociation (HCD) collision energies (CEs) of 20, 40, and 60 units were uti
lized. The capillary temperature was set to 320 ◦C, while the temperature of the probe heater was set to 370 ◦C. 

2.2. Active ingredient screening 

The chemical composition of JWYHD was determined using the TCMSP database (https://tcmsp-e.com/) [30] and the HERB 
database (http://herb.ac.cn/) in conjunction with a literature search. The composed chemical compositions were individually run 
through the Pubchem database (https://pubchem.ncbi.nlm.nih.gov/) to obtain molecular structure maps of the components, which 
were then saved in the 3Dsdf format. The structures of the obtained compounds were uploaded to the Swiss ADME platform (http:// 
www.swissadme.ch/). The criteria for setting the potential core compounds were as follows: (1) gastrointestinal absorption (GIab
sortion) of “High,” indicating a good oral bioavailability and absorption of the ingredient; (2) setting 5 categories of pharmacophore 
prediction (Lipinski, Ghose, Veber, Egan, and Muegge) with two or more “Yes” results. The target proteins with a probability ≥0.5 
were screened as possible targets for drug action using Swiss Target Prediction (http://www.swisstargetprediction.ch/). 

2.3. Disease molecular-target prediction 

The data were collected from the OMIM (https://omim.org/), GeneCards (https://www.genecards.org/), DrugBank (https://go. 
drugbank.com/), and Disgenet (https://www.disgenet.org/) databases [31] using the subject terms “Acute Mastitis” or “Lactation 
Mastitis” and the species “Homo” to ensure accuracy and completeness. The DrugBank database is based on clinical trial drug evidence 
and provides abundant drug data and comprehensive drug target information, whereas the OMIM, Gene Cards, and Disgenet databases 
are based on literature; each database has certain benefits and complements the others. The targets were combined after removing the 
duplicate values obtained from the abovementioned databases. The known targets of the unanticipated active ingredients were added 
based on the reports of scientific literature. The UniProt protein database (https://www.uniprot.org) was used to assign a gene symbol 
to the potential targets of disease targets and drug components. The two were then subsequently mapped to obtain the potential targets 
for intervention in mastitis in JWYHD. 

J. Zhao et al.                                                                                                                                                                                                            

https://mpns.science.kew.org/mpns-portal/plantDetail?plantId=273361&amp;query=ZINGIBERIS+RHIZOMA+PRAEPARATUM&amp;filter=&amp;fuzzy=false&amp;nameType=all&amp;dbs=wcs
https://tcmsp-e.com/
http://herb.ac.cn/
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/
http://www.swissadme.ch/
http://www.swisstargetprediction.ch/
https://omim.org/
https://www.genecards.org/
https://go.drugbank.com/
https://go.drugbank.com/
https://www.disgenet.org/
https://www.uniprot.org/


Heliyon 9 (2023) e21219

5

2.4. Major components, target intersections, and network construction 

The E Venn (http://www.ehbio.com/test/venn/#/) website [32] mapped the two by combining the active ingredients of TCM with 
the disease targets obtained from the database so as to determine the average scores of both. STRING, a database of protein in
teractions, was used to conduct bioinformatic analysis, while Cytoscape 3.8.0 was used to construct a protein–protein interaction (PPI) 
network of target drug molecule-disease targets. 

2.5. GO functional and KEGG pathway enrichment analysis 

The bioinformatics database DAVID 6.8 (https://david.ncifcrf.gov/) was used to analyze the disease-target drug molecules and the 
disease-common potential targets. Similarly, information was extracted utilizing the R language 3.6.2 program based on data packages 
such as Bioconductor, with P < 0.05 considered as the threshold. The GO and KEGG enrichment analysis histogram and the bubble plot 
were generated. P < 0.01 was considered to indicate statistical significance. 

2.6. Molecular docking analysis 

A molecular docking technique was used to dock the active ingredients with high median network relationship values using action- 
related potential targets to score the predicted ability of JWYHD active ingredients to intervene in LM. The 3D structure information of 
JWYHD components was obtained from the TCMSP database and PubChem database, while the 3D crystal structure of the target 
proteins was downloaded from the RCSB database (http://www.rcsb.org/pdb) and saved in the pdb format; the Surflex-dock module 
in SYBYL-X 2.1.1 software was used for molecular docking. 

2.7. Animals and grouping 

Pregnant BALB/c mice (body weight: 20–28 g) were obtained from the Beijing Viton Lever Laboratory Animal Co. Each cage 
contained a single animal. All animals were provided access to free water and laboratory rodent food in a clean laboratory (at 22–25 ◦C 
under 50–70 % relative humidity). Seven days were allocated for acclimation rearing and observation of pup production. All animal 
experiments were conducted in accordance with the US National Institutes of Health’s Guide for the Care and Use of Laboratory 
Animals, as approved by the Animal Ethics Committee of Xiamen University (XMULAC20200055). 

2.8. Sample preparation 

All herbs used in this study were commercially available in dried form and purchased from the herbal pharmacy of Xiamen Hospital 
of Beijing University of Traditional Chinese Medicine and identified by the hospital’s pharmacy department physicians. JWYHD 
consists of 9 herbs (84 g/dose) in the following prescription ratios: RGD:CEL:ZOR:CCL:ESS:SA: GVS:LJH:GUF at 5:3:4:1:1:1:3:5:5. The 
dosages of the herbs in JWYHD are based on the principles of traditional Chinese medicine. The herbs, excluding the antler gum 
mixture, were soaked for 0.5–1 h in 1500 mL of water. The resulting decoction was cooked on a military fire for 30 min and then 
switched to a civilian fire, with continued cooking for an additional 1 h. After filtering the liquid through multiple layers of gauze, 
water was added to the decoction. In order to obtain the JWYHD aqueous decoction, the liquid solutions from both decoctions were 
combined, to which antler gum was added and dissolved. The resultant liquid was then concentrated into a paste form using an 
evaporator under reduced pressure and placed in a refrigerator at − 20 ◦C for freezing. After condensation, the JWYHD preparation was 
placed in a freeze dryer for low-temperature sublimation and evaporation. 

2.9. Reagents and apparatus 

OriCell® Premium Fetal Bovine Serum (FBSSR-01021-500, Saiye); RPMI-1640 medium (SH30809.01, Gibco); Penicillin- 
Streptomycin (15140122, Gibco); phosphate-buffered saline 1 × (SH30256.01,HyClone); Cell Counting Kit-8 (SD6212, Simuwubio 
Co., Ltd, Shanghai, China). LPS was obtained from Sigma-Aldrich (lot number: L2880-10 MG). Dexamethasone (DEX) injections were 
acquired from Xiamen Hospital of Traditional Chinese Medicine (production lot number: 220304187, Zhengzhou Zhoufeng Phar
maceutical Co., Ltd.). The protein assay kit (TNF-α, IL-6, IL-1β, and MPO) was obtained from Simuwubio Co., Ltd. The reverse 
transcription kit was obtained from TAKARA (Japan). All other chemicals were of reagent grade. Rabbit CD177 was obtained from Cell 
Signaling Technology (1:100, Danvers, Massachusetts, USA). Mouse anti-TLR4 was bought from Santa Cruz Biotechnology (1:800, 
Dallas, Texas, USA). Rabbit anti-p65 was obtained from Cell Signaling Technology (1:1000, Danvers), and rabbit anti-IκB was obtained 
from Abcam (1:5000, USA). Rabbit antibodies against β-actin, horseradish peroxidase (HRP)-conjugated goat anti-mouse, and anti- 
rabbit IgG antibodies were bought from Simuwubio Co., Ltd. 

2.10. Grouping and experimentation 

The offspring were separated for 3 h before modeling, and the mice were anesthetized and then placed under a dissecting mi
croscope. The fourth pair of teats and their surroundings were disinfected with 75 % ethanol, and the teats were cut with sterile scissors 
to a length of 1 mm. Subsequently, 50 μL of LPS (0.2 mg/mL) was injected into the mice’s mammary ducts with a 32G micro-needle. 
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The mice were randomly assigned to the blank group, the LPS group, the LPS + JWYHD low-dose group 0.2 mL (0.6825 g/kg), the LPS 
+ JWYHD medium-dose group 0.2 mL (1.365 g/kg), the LPS + JWYHD high-dose group 0.2 mL (2.73 g/kg), and the LPS + DEX group 
(5 mg/kg). The JWYHD-intervention group received varying doses of JWYHD via gavage, beginning approximately 5–7 days after 
delivery for 6 days, once a day. In the DEX group, 0.2 mL DEX solution (0.5 mg/kg) was intraperitoneally administered 1 h before and 
12 h after modeling. The serum and mammary tissues were collected 24 h after LPS injection and stored at − 80 ◦C for subsequent 
analysis. 

2.11. Cell culture and treatment 

HC11 mammary epithelial cells were used as experimental subjects. In the lipopolysaccharide-induced inflammation model, a final 
concentration of 1 μg/mL of lipopolysaccharide was selected to induce an inflammatory response [33–35]. The cultured mammary 
epithelial cells were assigned to the following five groups: blank control group, LPS group, LPS + JWYHD group (1,1.5, and 2 mg/mL). 
The LPS + JWYHD group was given JWYHD (1,1.5, and 2 mg/mL) pretreatment followed by LPS for 24 h, and the blank control group 
was administered the same volume of cell culture solution. 

2.12. Cell viability assay 

The CCK-8 assay (SD6212, Simuwubio Co., Ltd.) was performeddetect cell viability. The experimental cells were inoculated into a 
96-well plate for 24 h, and treated with JWYHD (1,1.5, and 2 mg/mL)for 24 h, after which 10 μL of the CCK-8 solution was added to 
each well for 2 h. The absorbance at 450 nm was detected using an enzyme marker. The cell survival rate was calculated using the 
absorbance OD value, and the experiment was repeated thrice. 

2.13. Histopathological examination and immunohistochemistry 

The female mice’s mammary glands were removed, fixed in a 4 % formaldehyde solution, and then cut into sections in line with a 
predetermined process. The pathological changes in the mammary glands of all groups were evaluated. A random histological eval
uation was conducted using a scoring system, as described elsewhere [36]. Briefly, the slices of pathological tissue were assessed by 
three expert researchers. According to the neutrophil aggregation, bleeding, acinar integrity, and changes in the acinar wall thickness, 
each segment was split into 5 visual areas. The scores were graded as follows: 0 = no injury, 1 = a minor injury, 2 = a moderate injury, 
3 = a serious injury, and 4 = an exceedingly severe injury. 

The standard immunohistochemical processes were followed. Briefly, the segments were sequentially baked, dewaxed in xylene, 
and hydrated in a gradient series of alcohol. Then, endogenous peroxidase was eliminated from the sections using 3 % H2O2. Before to 
incubation with specific primary antibodies, such as CD177, the immunostained slices were pre-incubated with 5 % normal goat serum 
(1:1000, Danvers). Dako’s horseradish peroxidase streptavidin-biotinylated secondary antibody was used to prepare the sections, 
followed by the addition of diaminobenzidine (DAB kit, Vector Laboratories). For the negative controls, non-immune rabbit or mouse 
serum was used in lieu of the main antibody. By measuring the integrated optical density (IOD) with a light microscope and a computer- 
based ImageJ Morphometric System, the staining levels were ascertained. 

2.14. Enzyme-linked immunosorbent assay (ELISA) 

The manufacturer’s guidance was followed when using the ELISA kit to determine the levels of inflamed proteins TNF-α, IL-1β, IL-6, 
and MPO. Briefly, the mammary gland tissues were collected 24 h after LPS stimulation. The samples were weighed and homogenized 
at a 1:9 w/v ratio with PBS. The supernatant was centrifuged and collected to analyze the levels of TNF-α, IL-1β, IL-6, and MPO. 

2.15. Reverse transcription-polymerase chain reaction (RT-PCR) 

The RNA was extracted with Trizol. After the samples were treated with a gDNA wipe combination, RNA was reverse-transcribed 
into cDNA for qPCR using the TAKARA PrimeScript™ RT reagent kit. The Veriti 96-Well Thermal Cycler real-time PCR system (Applied 
Biosystems, USA) quantified the relative mRNA levels. Table 1 displays the primers utilized in this study. We used the GAPDH gene as 
an internal standard. The 2-△△Ct comparison technique was employed to analyze the data as per the procedures described previously 

Table 1 
The sequence of primers used for qRT-PCR in the present study.  

Gene Primer Sequence (5′→3′)  

TNF-α F: ACGGCATGGATCTCAAAGAC R: GTGGGTGAGGAGCACGTAGT 
IL-1β F: GCTGCTTCCAAACCTTTGAC R: AGCTTCTCCACAGCCACAAT 
IL-6 F: CCGGAGAGGAGACTTCACAG R: CAGAATTGCCATTGCACAAC 
p65 F: AGGCTTCTGGGCCTTATGTG R: TGCTTCTCTCGCCAGGAATAC 
IκB F: ACAGCCAGGAGATGGTACG R: CAGGGTGACTGAGTCGAGAC 
GAPDH F: AGGTCGGTGTGAACGGATTTG R: TGTAGACCATGTAGTTGAGGTCA  
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Fig. 2. JWYHD chemical composition identification. (A) Ingredient analysis process. (B) JWYHD’s total ion chromatogram was observed in both the 
positive and negative ion phases. (C) Categorization statistics of 39 peak-paired compounds.(D) Secondary mass spectrum of some of the compo
sitions and the main chemical components’ molecular formula. 
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[37]. 

2.16. Western blotting 

The RIPA buffer was used to remove the protein in accordance with the manufacturer’s instructions. A polyvinylidene difluoride 
membrane was filled with sample proteins from the frozen mammary gland tissues (20 g), which was then treated with 5 % BSA in 
TBST for 4 h before rinsing thrice. Next, the membranes were treated with primary antibodies overnight at 4 ◦C. 

Next, the membrane was treated with secondary antibodies for 1 h at room temperature after washing with TBST. The expression of 
the proteins was analyzed by using a chemiluminescence imaging device (Tanon, Shanghai, China). 

2.17. Statistical analysis 

GraphPad Prism 9.4.1 and ImageJ were used for the statistical analysis of the data. Tukey’s multiple comparison tests and one-way 
analysis of variance (ANOVA) were employed to analyze the results for all groups. The results were presented as the mean ± standard 
error of the averages from 3 separate trials (SEM). P < 0.05 was considered to indicate statistical significance (*,*P < 0.05, **P < 0.01, 
and ***P < 0.001, relative to the LPS group; #P < 0.05, ##P < 0.01, and ###P < 0.001, relative to the blank control group). 

3. Results 

3.1. Determining JWYHD chemical composition 

UPLC-HRMS and comparative abundance analyses were performed to determine the chemical composition of JWYHD. The 
Ingredient analysis process showed in Fig. 2A. The chromatographic and mass spectrometric conditions followed are described in 
Section 2.1. The chromatograms were scanned in both the positive and negative ion modes, as shown in Fig. 2B. Based on the in
formation on quasi-molecular and characteristic fragment ions obtained by MS, combined with the standard spectrogram database 
matching, a total of 103 compounds were identified. The proportions of the top six classes of compounds and the number of their 
subclasses are shown in Supplementary Table 1. The peaks with higher abundance in the base peak chromatogram were checked for 
peak shape and confirmed by secondary spectra, and the 39 peaks in the positive and negative ion chromatograms, indicating phe
nylpropanoids, benzenes, carboxylic acids, cinnamic acids, flavonoids, and other components were labeled in numerical order 
(Fig. 2B). The compounds detected in the 39 chromatographic peaks were categorized and analyzed, of which flavonoids accounted for 
approximately 33.3 % (Figs. 2C), and 39 specific chemical constituents were identified, as listed in Supplementary Table 1. Among 
them, the structure-type representative components were selected separately, and the compounds were identified based on the pri
mary and secondary MS data. The secondary mass spectra of some compounds are shown in Fig. 2D. 

3.2. Network pharmacology-based screening of JWYHD components and LM-related targets 

After the screening, we included 691 active components of JWYHD, including 25 RGD, 20 CEL, 13 ZOR, 171 CCD, 269 ESS, 46 SA, 
23 GVS, 38 LJH, and 86 GUF. In the supplementary material, some of the active components are illustrated. Of these 691 active 
components, target prediction was performed, and 325 active components were extracted after deweighting. 

Based on searches in GeneCards, OMIM, Disgenet, and DrugBank databases, 915 LM-related ensemble targets were identified and 
mapped onto the predicted targets of JWYHD active components, yielding 47 target–component interactions (Fig. 3A). 

3.3. PPI network 

For PPI network analysis, String (https://string-db.org) was used to load the 47 JWYHD–LM target–component interactions. In the 
PPI network, 47 nodes interacted via 400 edges, with an average local clustering coefficient of 0.717. The p-value for the PPI con
centration was <1.0e− 16. Additionally, the “CentiScape” plug-in was used to calculate the “degree” value of each node; the greater the 
value, the greater the node’s importance in the network. In the active component node group, the five main compounds were quer
cetin, kaempferol, luteolin, naringenin, and isorhamnetin, with the “degree” values of 35, 15, 14, 8, and 7, respectively, indicating 
them as essential components of the network. TNF-α, IL-6, IL-1β, tumor protein 53 (TP53), and prostaglandin G/H synthase 2 (PTGS2) 
were the five main targets in the target gene node group (Fig. 3B and C), and their corresponding “degree” values were 40, 38, 34, 34, 
and 31, respectively, indicating them as the network core. 

Fig. 3. (A)Venn diagram depicting the potential targets in LM.(B)PPI. The circle grows larger and the color shifts from light to black with increasing 
degrees of targets. The combined line enlarges with increasing combined total. (C) The degree number. The column length increased with increasing 
numbers. (D) Histogram of GO-enrichment analysis of the targets. (E) A bubble diagram of the targets’ KEGG enrichment analysis. (F) Circos di
agram of the 10 frequent targets’ KEGG pathway enrichment analysis. 
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Fig. 4. (A)The compound–target-pathway network of JWYHD. The red circular nodes in this network represent the key targets, the blue nodes 
represent the JWYHD drug composition, the red quadrilateral represents the active ingredients of JWYHD, and the connecting lines represent the 
interaction among the three. (B) Models for the principal chemical substances’ molecular interaction. (C) The absolute score of the docking affinity. 
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3.4. Gene function and pathway analysis 

GO enrichment analysis included 1722 biological processes (BPs), 12 cellular components, 52 molecular functions, and 118 KEGG- 
related pathways, and the R language 3.6.2 program was used to extract information based on packets such as Bioconductor, with the 
threshold set to P < 0.05. The GO enrichment analysis results and KEGG-related pathways with high significance and relevance to this 
study were visualized. 

Fig. 3D shows that JWYHD intervention in mastitis mainly involves the BP of the metabolism of reactive oxygen species and the 
regulation of inflammatory responses. Fig. 3E shows the results of the KEGG pathway analysis, which shows the top six signaling 
pathways of JWYHD for mastitis, and the key pathways are phosphoinositide-3-kinase/protein kinase B (PI3K-Akt) signaling pathway, 
mitogen-activated protein kinase signaling pathway, nuclear factor-kappa B (NF-κB) signaling pathway. The GO enrichment analysis 
results and KEGG-related pathways that are relevant and significant to this study were visualized (Fig. 3F). 

3.5. Drug–active ingredient–target intersection 

The 47 intersecting target genes of JWYHD for LM were mapped onto the screened active ingredients of JWYHD (some of the active 
ingredients did not match the corresponding targets) to establish a correspondence between the active ingredients and target genes. 
The results were imported into the Cytoscape 3.8.0 software to construct a “drug–target” regulatory network based on equality and 
properties. Finally, the results were imported into the Cytoscape 3.8.0 software to establish a “drug–active ingredient–target” regu
latory network based on the correspondence and properties (Fig. 4A). The larger area of the nodes and the darker color in the diagram 
indicate their greater effect on mastitis. 

3.6. Subdocking simulation 

The results showed that three compounds, namely kaempferol, quercetin, and luteolin are the potential vital active ingredients in 
JWYHD. The top five target proteins in the core network that showed the highest “degree” values were TNF, IL-6, IL-1β, PTGS2, and 
TP53. Two-by-two match was made between the corresponding ingredients and targets. The stability and total score increased as the 
free binding energy of a receptor and ligand decreased. A total score ≥5.0 indicated that the critical activities of the ligand and target 
protein corresponded more closely. Therefore, both ligands and receptors were selected for molecular docking (Fig. 4B). 

Quercetin showed binding energies of 6.3705, 4.1531, and 5.4704 for TNF-α, IL-6, and IL-1, respectively. In contrast, the critical 

Fig. 5. (A) CCK-8 cell viability results of JWYHD. (B) mRNA expression of IL-1β, IL-6, and TNF-α for JWYHD.(C) Expression of key proteins of the 
TLR4/NF-κB signaling pathway for JWYHD. Data is expressed as the mean ± standard error, and three independent replicate experiments were 
performed, and with P < 0.05 were considered to indicate statistical significance. When compared with the LPS group, *P < 0.05, **P < 0.01, and 
***P < 0.001. When compared with the control group, #P < 0.05, ##P < 0.01, and ###P < 0.001. 
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ratios of kaempferol to TNF-α, IL-6, and IL-1β were 3.4587, 3.3955, and 5.5462, respectively (Fig. 4C). 

3.7. Cell experiment 

3.7.1. Effects of JWYHD on cell viability 
CCK-8 assay was performed to evaluate the effect of JWYHD on HC11 activity. JWYHD at concentrations of 1, 1.5, or 2 mg/mL did 

not affect the cell viability (Fig. 5A). 

3.7.2. Effect of JWYHD on LPS-induced pro-inflammatory factors in mammary epithelial cells 
The levels of pro-inflammatory cytokines were elevated in HC11 treated with lipopolysaccharide when compared to the blank 

control cells. In the groups treated with JWYHD (1,1.5, and 2 mg/mL), the relative expression of pro-inflammatory factors (TNF-α, IL-6 
and IL-1β) transcriptional mRNA revealed a downregulation trend when compared to that in the LPS group (Fig. 5B); these results 
indicated that JWYHD could regulate the lipopolysaccharide-induced elevation of inflammatory factor levels in the mammary 
epithelial cells. 

3.7.3. JWYHD alleviates LPS -induced inflammatory response in mammary epithelial cells via NF-κB pathway 
LPS stimulation increased the TLR4 expression in cells and inhibited TLR4, Myd88 expression by JWYHD pretreatment of cells 

(Fig. 5C). The NF-κB pathway can be involved in the inflammatory process. In HC11 cells, LPS stimulation induced a significant in
crease in the IκB expression and the p65 protein expressions, and JWYHD inhibited these increases. These results suggest that JWYHD 
responded to LPS-induced elevation of the IκB and p65 protein levels in the mammary epithelial cells. 

Fig. 6. Pathological, histological, and immunohistochemical effects of JWYHD. (A–F) Mammary tissue slices stained with H&E; Scale bar: 200 M; 
Magnification: 50×. (I) The scores of pathological injury. (G–H) The CD177 expression was examined by immunohistochemistry in the mammary 
tissues of different LM mice. Three independent replicate experiments were conducted, and the results were expressed as the mean ± standard error, 
with P < 0.05 considered to indicate statistical significance. When compared to the LPS group, *P < 0.05, **P < 0.01, and ***P < 0.001. When 
compared to the blank control group, #P < 0.05, ##P < 0.01, and ###P < 0.001. 
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3.8. Animal experiments 

3.8.1. Pathological histological and immunohistochemical effects of JWYHD on mammary glands of mice 
To further verify the anti-inflammatory effect of JWYHD and to explore the possible underlying mechanism, we established a 

mastitis model in lactating BALB/c mice. Histopathological changes in the mammary glands of mice in each group were first observed 
by hematoxylin–eosin (HE) staining (Fig. 6A–F), followed by immunohistochemical staining to assess the level of the inflammatory 
cytokine CD177 in mammary gland tissues (Fig. 6G and H). The findings suggested that no obvious pathological changes were 
observed in the blank control group; however, the mammary tissue structure of mice in the LPS group showed considerable damage, 
including atrophy or even necrosis of glandular follicles and a significant infiltration of neutrophilic leukocytes into the glandular 
lumen. The damage to mammary tissues was significantly reduced by pretreatment with JWYHD (Fig. 6I), which effectively and 
significantly reduced mastitis in mice exposed to LPS. The effect of JWYHD on mastitis was comparable to that of DEX, which 
effectively and significantly reduced histological changes in inflammation in mice with LPS-induced mastitis. 

Fig. 7. JWYHD’s mammary gland inflammatory responses on the TLR4/Myd88/NF-κB pathway. (A–E) JWYHD intervention reduced the expression 
of TNF-α, IL-6, IL-1β, p65, and IκB in the breast tissues, as measured by real-time fluorescence quantitative PCR technique. (F) Western blotting of 
the expression of TLR4, Myd88, NF-κB, p65, and IκB in the breast tissues. Expressed as the mean ± standard error, three independent replicate 
experiments were performed, and P < 0.05 were considered to indicate statistical significance. When compared with the LPS group, *P < 0.05, **P 
< 0.01, and ***P < 0.001. When compared with the blank control group, #P < 0.05, ##P < 0.01, and ###P < 0.001. 
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3.8.2. JWYHD inhibited mammary gland inflammatory responses and downregulated the TLR4/Myd88/NF-κB pathway in mice 
Similar to the pre-informatics results, JWYHD affected the expression of mastitis-related genes and proteins by regulating the 

TLR4/Myd88/NF-κB pathway. The PCR results showed significantly increased TNF-α, IL-6, IL-1β, p65, and IκB levels in the mammary 
tissues of the LPS-induced mice (P < 0.05). JWYHD intervention decreased this increase (P < 0.05) (Fig. 7A–E). p65 and IκB were the 
key targets of the TLR4/Myd88/NF-κB signalling pathway, and TNF-α, IL-6, and IL-1β were also involved in it as the main downstream 
inflammatory factors. 

Western blotting showed that LPS stimulation increased TLR4, Myd88, p65, and IκB levels, whereas these increased levels 
decreased significantly after JWYHD treatment (Fig. 7F). We determined a possible association between the JWYHD treatment of 
mastitis and this signaling pathway by analyzing the effect of different drug concentrations on the TLR4/Myd88/NF-κB signaling 
pathway in LPS-stimulated inflamed tissues. The results validated our assumptions. Thus, JWYHD may act on mastitis tissues via the 
TLR4/Myd88/NF-κB signalling pathway. 

3.8.3. JWYHD significantly reduced mammary gland inflammatory factors and myeloperoxidase (MPO) levels 
ELISA was performed to quantify the levels of IL-1β, IL-6, TNF-α, and MPO in breast tissues. Compared with the blank control 

group, the levels of all three inflammatory cytokines increased significantly in the LPS group mice (Fig. 8A–C); however, the levels of 
the three inflammatory factors decreased significantly after JWYHD treatment (Fig. 8A–C). The results indicated that JWYHD could 
attenuate the LPS-induced inflammatory response in the mammary glands of these mice. Similarly, MPO activity was significantly 
higher in the LPS group than in the blank control group (Fig. 8D, P < 0.01). As expected, the JWYHD pretreatment group showed 
significantly reduced MPO activity. 

4. Discussion 

In the last decade, China has ranked among the world’s top producers and consumers of antibiotics [38,39]. The resulting bacterial 
resistance and the continued expansion of consumption create a vicious cycle. Thus, reducing antibiotics, bridging the gap between 
developing and developed nations, and improving medical care to benefit humans and nature must be considered. In this context, 

Fig. 8. Effect of JWYHD on the expression of pro-inflammatory cytokines in the mammary tissues. (A–D) Effect of JWYHD on the expression of pro- 
inflammatory cytokines in the mammary tissues. The expression of IL-1β, IL-6, and TNF-α, MPO in the breast tissues was measured by ELISA. Data 
expressed as the mean ± standard error and three independent replicate experiments were performed, with P < 0.05 were considered to indicate 
statistical significance. When compared with the LPS group, *P < 0.05, **P < 0.01, and ***P < 0.001. When compared with the blank control group, 
#P < 0.05, ##P < 0.01, and ###P < 0.001. 
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Chinese medicine has played a unique role in treating inflammatory diseases. By reversing bacterial resistance, the synergistic effect of 
TCM and antibiotics can enhance anti-inflammatory and antibacterial effects, thereby reducing the need for antibiotics [40–42]. The 
TCM mode of action in mastitis treatment may involve directly killing the pathogen directly, regulating systemic functions, and 
reshaping the imbalance, thus exerting an irreversible anti-inflammatory effect. 

The original YHD formula has a long history of application. Moreover, its modified formulas can be used for extensive clinical 
therapies for refractory and recurrent refractory diseases, such as chronic inflammatory diseases, autoimmune diseases, and even 
tumour-related diseases [26–28]. In the clinical treatment of acute mastitis, this study found that the overall effective rate of YHD 
combined treatments was higher than in the control group [43]. According to Chinese medicine theory, the warmth of Yang qi fa
cilitates the performance of human external life activities in a normal and orderly manner. Since breasts belong to the foot or 
“Yang-ming” stomach meridian and nipples belong to the foot syncope yin liver meridian, treatment of acute mastitis should focus on 
the blood and qi, as per the physiological state of Sufficient Yang. Thus, breast disease treatment should principally include warming 
Yang. Considering the physiological characteristics of LM patients at a specific time, the addition of two herbs seems more suitable for 
successful clinical application. Yang is warmed to replenish blood and essence as well as cultivate the spleen and earth so that the 
resultant meridians become smooth, whilst qi, blood flow, cold dissipate and phlegm disappears. The warming effect of JWYHD is 
significant compared with traditional heat-clearing formulas e.g., Gualou Niubang soup and Chaihu Qinggan soup. Therefore, this 
study was discussed in terms of content and results in the following aspects. 

4.1. UPLC-HRMS and network pharmacology 

Network pharmacology was combined with UPLC-HRMS. A variety of chemical components were screened and compared with 
UPLC-HRMS results to obtain several functioning compounds, e.g., quercetin, kaempferol, and luteolin. From an analysis of their 
compound categorisations, flavonoids were found to occupy the main position among the components of JWYHD (Fig. 2C). As parts of 
flavonoids, quercetin and kaempferol can resist reactive oxygen scavenging, enhance plant defence responses, and show anti- 
inflammatory and antioxidant effects [44]. The anti-inflammatory and immunomodulatory properties of quercetin and kaempferol, 
the herb components with diverse biological properties, have been widely studied in multiple inflammatory events [45], which 
suggests that JWYHD may be essential for suppressing inflammatory diseases characterised by the immune system. Quercetin and 
kaempferol exhibit potent anti-inflammatory and antimicrobial properties [46,47]. Several studies have demonstrated that quercetin 
can protect cells from IL-1β stimulation via inhibition of NF-κB activation [48]. In a skin inflammation model, quercetin suppressed the 
inflammatory eruption induced by LPS-activated macrophages, thereby decreas TNF-α, IL-1β, and IL-6 levels [49]. Moreover, 
kaempferol can regulate proinflammatory cytokine levels by inhibiting neutrophil accumulation and MPO activity [50]. in addition, it 
can reduce LPS-induced TNF-α and IL-1β levels by increasing the number of activated macrophages, whereas TNF-α inhibition me
diates the nuclear translocation of NF-κB p65 [51]. Moreover, we simulated the molecular docking of five protein-coding genes with 
two noteworthy compounds, and the results revealed that all target compounds were docked with a high affinity. Considering the 
complexity of the herbal compound and the synergistic effect of multiple ingredients, quercetin, and kaempferol were used to enhance 
the potency of JWYHD as enriched ingredients in this formula. 

4.2. Mechanism of action 

To further investigate the mechanism underlying the role of JWYHD, network pharmacology screening was performed. Results 
suggested that TNF-α, IL-6, and IL-1β were highly correlated with mastitis and were possible potential key targets. The gene and 
pathway enrichment analyses showed that the PI3K-AKT and NF-κB signalling pathways were strongly associated with inflammation. 
The relationship between inflammation and cancer has been widely studied, and the level of inflammatory factors in a tumour 
microenvironment has been associated with the levels of proteins involved in the PI3K-AKT signalling pathway, which exacerbates the 
development of cancer and is closely associated with cancerous tumours [52]. However, this was not the focus of the present study. The 
LPS/NF-κB signalling pathway has been closely associated with biological inflammation [53].,where LPS acts as a bacterial virulence 
factor. In the current model, LPS-specific activated cells could bind to receptors on the surface of mammary epithelial cells [54], 
thereby triggering NF-κB nuclear translocation to regulate inflammation-related genes [55,56]. Moreover, TLRs can trigger the NF-κB 
signalling pathway to regulate the transcription of inflammatory mediators specific to mammary epithelial cell inflammation [57,58]. 
When mastitis-induced bacteria activate TLRs, they can signal Myd88 and cause a cascade of responses. Myd88 is a key regulator of 
NF-κB can lead to IκB degradation, and is considered to be a key immunomodulatory adapter molecule against various pathogens [59, 
60]. The classical NF-κB pathway can be activated within a few minutes of exposure to pro-inflammatory signals (e.g., cytokines), with 
p65:p50 heterodimers being the most abundant manifestation of this signalling pathway upon activation [61]. It mediates inflam
mation by activating the IKKB complex, leading to the degradation of classical IκB (IκBα, IκBβ, or IκBε) and the subsequent release of 
NF-κB dimers for nuclear translocation [62–64]. Thus, activated p65 and IκB are key elements in inflammatory disease pathogenesis. 

4.3. In vivo and in vitro effects 

The aqueous decoction of JWYHD exerted an excellent anti-inflammatory effect in vivo and in vitro and could effectively reduce 
TNF-α, IL-1β, and IL-6 levels (Fig. 7A–C). Cytokines are indispensable for intercellular communication and they regulate immune cell 
activity and inflammatory signalling responses [52]. TNF-α, IL-1β, and IL-6 are pleiotropic proinflammatory cytokines that are deemed 
crucial for disease pathogenesis and dynamic homeostasis, and they are involved in several BPs, including necrosis, apoptosis, and 
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inflammation [65,66]. MPO is a peroxidase present in and secreted by activated leukocytes that may be directly or indirectly involved 
in tissue damage [67]. CD177 acts as an adhesion molecule in the presence of endothelial cells and is involved in a neutrophil 
endothelial cell adhesion and neutrophil migration [68], which are upregulated on the surface of neutrophils after severe bacterial 
infections and granulocyte colony-stimulating factor stimulation [69]. Results suggested that JWYHD could reduce neutrophil ag
gregation in the mammary gland by reducing MPO activity and immunohistochemical CD177 in LPS-induced mastitis(Figs. 6G and 
8D). This result indicates that JWYHD can prevent mastitis by reducing the level of these proinflammatory cytokines and inflammatory 
markers. 

HE staining and immunohistochemistry objectively revealed that JWYHD could play a certain therapeutic role in reducing the 
degree of inflammatory infiltration and the damage score level of breast tissues at the microscopic level. In this regard, the levels of IL- 
1β, IL-6, and TNF-α decreased significantly after JWYHD intervention. This indicates that JWYHD can reduce breast tissue inflam
mation by reducing the level of these proinflammatory cytokines. At the gene and protein levels, JWYHD exerted a significant effect by 
reducing the activation of key proteins in the TLR4/Myd88/NF-κB signalling pathway and downstream proteins. The therapeutic 
effects of JWYHD on mammary gland inflammation were investigated, and the results were consistent with the network pharmaco
logical screening results. To summarize, this study showed the therapeutic efficacy of JWYHD in treating mastitis from multiple 
perspectives and at different levels, thus new evidence for promoting the clinical use of JWYHD in treating LM. 

4.4. Limitations 

Moreover, in clinical practice, we have observed that LM was observed to be often accompanied by lump accumulation after the 
acute phase, particularly after treatment with antibiotics, which may be a state of tolerance between the “inflammation” of the body 
and the “immunity” to eliminate it. These lumps disappeared more quickly after JWYHD application, leading to disease healing. 
Presently, anti-inflammatory drugs are often used as the first choice for achieving antibacterial effects. However, the overall medicinal 
property of JWYHD is on the warm side, treating the disease with warmth and warming and resolving blood stasis, which differents 
from other prescription groups. Although analyzing the target of action of JWYHD by network pharmacology was initially envisioned 
to determine if it was different from previous formulations. However, no distinction has been observed between the natures of the drug 
action molecules. After using JWYHD by UPLC-HRMS for preliminary identification of the in vitro chemical constituents and matching 
them with network pharmacology, further analysis and the study of the constituents after entering the blood were lacking. To induce a 
model of inflammation in mammary epithelial cells through LPS in cellular experiments, JWYHD observation at different time points 
was lacking. To observe the effect of JWYHD on its mechanism in animal experiments, the silencing of key proteins in the signalling 
pathway NF-κB and inflammatory vesicles was not applied. Due to limitations imposed by incomplete and unquantifiable data, 
network pharmacology could not be used to validate all the experiments on the multi-pathway targets involved in the study. Future 
studies are expected address these limitations in detail. 

Generally, it is anticipated that the multi-herb, multi-compound, multi-target, and multi-channel characteristics of Chinese herbal 
formulas, combined with the comprehensive and systematic nature of modern network pharmacology, will serve as indispensable tools 
for investigating the unique effects of Chinese medicine. In this study, herbal medicine research was integrated with modern infor
mation technology. The results of network pharmacology prediction, molecular docking simulation, and in vivo and in vitro exper
iments were in alignment with the expected outcomes. 

5. Conclusions 

According to network pharmacology and molecular docking studies, the mechanism of the action of JWYHD in mastitis treatment 
involves regulating multiple biological pathways and targets. JWYHD reduces the levels of proinflammatory cytokines, such as TNF-α, 
IL-1β, and IL-6, by inhibiting the expression of the genes of p65 and IκB, the major proteins of the TLR4/Myd88/NF-κB signalling 
pathway. This ameliorates LPS-induced pathological changes mainly by neutrophil aggregation. Therefore, JWYHD can be used in 
clinical practice to obtain more robust evidence of its effectiveness in treating inflammatory diseases such as LM. 
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