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Purpose: Traditional Mongolian Medicine Batri-7 (BT-7) is the key Mongolian Medicine (MM) for bacterial enteritis. BT-7 is a well-known 
clinical MM due to its antibacterial properties. BT-7 contains plant-derived bioactive compounds, but its molecular mechanism of action 
remains unclear. This study explores BT-7’s antibacterial compounds and therapeutic mechanism in a Salmonella enteritis mouse model.
Methods: The active components of BT-7 were detected by liquid chromatography-tandem mass spectrometry assay and identified by 
UPLC/Q-TOF-MS. An enteritis mouse model induced by Salmonella typhimurium was used in this study. Pathological analysis of 
small intestine was conducted with hematoxylin and eosin staining. The macrophage recruitment in model mice’s intestines was 
detected by flow cytometry. Simultaneously, the Minimum Inhibitory Concentration of BT-7 was evaluated against bacterial by 
microbroth dilution method, BT-7 regulation of Salmonella typhimurium gene was performed by RNA-Seq methods and verified by 
qRT-PCR.
Results: In the LC-MS/MS assay, negative and positive-ion modes are identified for 511 and 699 compounds from BT-7, respectively. 
Of them, we found multiple antibacterial and anti inflammation compounds including chrysin, oroxylin A and luteolin. In vivo, we 
observed that treatment of mouse Salmonella enteritis with BT-7 decreases inflammation score and macrophages on intestinal tenue. In 
vitro, BT-7 presented the highest antibacterial activities against tested strains with MIC was 2–4 mg/mL. Meanwhile, BT-7 
significantly down regulated Salmonella infection genes.
Conclusion: Twenty key anti-bacterial components were identified in the BT-7. In vivo experiment shows that orally administered 
BT-7 effectively reduce the inflammation of intestine in model of Salmonella-induced mouse enteritis by down regulating the 
infection-related virulence genes of Salmonella. Through this study, we discovered the mechanism of BT-7’s dual action on the 
host and pathogenic bacteria. This gives inspiration for anti-infective disease research in traditional medicine and also proves that 
traditional medicines still have good prospects for treating infectious diseases.
Keywords: Mongolian medicine, Batri-7, antibacterial, Salmonella enteritis, virulence gene

Introduction
Salmonella is a gram-negative bacterium belonging to the Enterobacteriaceae family, and it is typically seen as a cause of 
gastroenteritis. There are around 2500 different species of bacteria in the Salmonella family. Salmonella Typhimurium 
and Salmonella Enteritidis are the main serotypes, causing about fifty percent of all human infections. S. typhimurium is 
commonly found in food of animal origin. Salmonella enterica often causes intestinal diseases, manifested as acute fever, 
abdominal pain, diarrhea, nausea, vomiting and other symptoms. According to the World Health Organization (WHO), 
there are approximately 93.8 million cases of gastroenteritis worldwide each year that can be linked to Salmonella 
infections. Additionally, Salmonella infections are responsible for causing 155,000 deaths.1
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Traditional medicine is commonly used for treating bacterial infections, and numerous drugs have demonstrated 
antibacterial abilities against Drug-Resistant Bacteria.2,3 Traditional Mongolian Medicine “Batri-7” (denoted by BT-7) is 
widely used for the treatment of bacterial infection in clinics practicing traditional medicine, where it is known as 
‘antibiotics’ of Mongolian Medicine. It was a classic prescription included in The Drug Standards of the Ministry of 
Health of the People’s Republic of China. BT-7 formulation is composed of seven natural products including Aconitum 
kusnezoffii (Aconitum L., A. kusnezoffii leaf; Mongolian name: Bongaa in Nabqi), Potentilla discolor Bge. (Potentilla L., 
Potentilla discolor Bge. whole plant, Mongolian name: Alag Toolai in Tangnaii), Commiphora muku (Commiphora, 
Commiphora muku resin, Mongolian name: Gugule), Terminalia chebula Retz. (Terminalia L., Terminalia chebula Retz. 
dry fruit, Mongolian name: Arura), Artificial Moschus (Mongolian name: Jagaar), and cinnabar (cinnabaris, Mongolian 
name: Xinghu)4,5 (Table 1 and Figure 1).

In Mongolian Medicine, an invisible pathogen passes through the mouth, sweat glands, nasal cavity to infect human 
body and cause the “Nian” disease.6 In the clinic, BT-7 has significant therapeutic effects on “Nian” disease, especially 
on gastrointestinal “Nian”, especially the treatment of bacterial enteritis has been proven in clinical practice. Although 
many studies have shown that traditional medicines have antibacterial effects,7,8 the under lying mechanism of 
Mongolian medicine ingredients and their efficiency on pathogenic bacteria are not clear yet.

In this study, the rule of Mongolian medicine BT-7 treating on Salmonella enteritis was analyzed by enteritis mouse 
model induced by Salmonella typhimurium, and potential main components to treat Salmonella enteritis were screened 
through LC-MS/MS and network pharmacology, and the mechanism of BT-7 against Salmonella typhimurium was 
further revealed through in-vitro anti-bacterial experiments and RNA-seq.

Materials and Methods
Reagents and Instruments
Batri-7 (M20201011) was provided by the Formulation Center, International Mongolian Hospital of Inner Mongolia, 
Hohhot, China. Methanol (Thermo), Forate (Thermo), Ammonium acetate (Thermo). Waters Acquity UPLC/qTOF 
includes quaternary solvent manager, online degasser, sample manager, column manager, Acquity PDA detector, ESI 
source, Lockspray source, Xevo G2-XS QTof four-pole flight time tandem mass spectrometer and Masslynx V4.1 
Workstation. Acetonitrile is purchased from Fisher Scientific, USA. Additional chemicals was obtained from Guoyao 
Chemical Reagent Co. Ltd. Q ExactiveTM HF (Thermo Fisher), Vanquish UHPLC (Thermo Fisher), Hypersil Gold 
column (Thermo Fisher), Centrifuge ST16R (Scilogex).

Preparation of Semi-Bionic Extraction of Batri-7 (BT-7-SBE)
Preparation of BT-7-SBE were performed using methods modified from previous research.9,10 Briefly, Batri-7 (90 g) 
were powdered and extracted two times with stirring and heating (37 ± 0.5°C), the extraction procedure of the first was 7 
times the amount of simulated gastric fluid (Sodium taurocholate 80 µM, Lecithin 20 µM, Pepsin 0.1 mg/mL, NaCl 34.2 

Table 1 The Whole Botanical Name and Voucher Number of the Plant Ingredient in Batri-7a)

Full Botanical Name Part Used Voucher Number Family Content (g; %)

Aconitum kusnezoffii Reichb. Leaf T000200065 Ranunculaceae 25; 27.3

Terminalia chebula Retz. Fruit T001800344 Combretaceae 25; 27.3
Potentilla discolor Bge. Whole plant T000200238 Rosaceae 10; 10.9

Commiphora mukul (Hook.ex Stocks) Engl. Resin T150202310 Burscraccae 10; 10.9

Rubia cordifolia L. Stems, leaves T001100612 Rubiaceae Juss. 10; 10.9

Notes: a)Batri-7 contains 12.7% of non-plant substances, including Musk gland (T001600693, 1.5 g, 0.02%) and Cinnabar (T001400907, 5 g, 0.05%). 
The traditional process for preparing the BT-7 pill involves grinding all the ingredients, which include both plant and non-plant ingredients, into a fine 
powder. The powder is then passed through a mesh strainer to remove any bigger fragments. In order to generate a dense paste, water was gradually 
included into the mixture. The resulting mixture was then vigorously kneaded using a mortar in a bowl and tightly compressed to ensure thorough 
blending. The mixture was shaped into a slender cylinder. The roll was subsequently sliced to a length of two-three millimeter and small pills, similar in 
size to a soy bean, were formed and then dried in the oven at a temperature of within 35°C for a duration of two hours. Voucher number from 
Traditional Chinese medicine decoction pieces https://code.nhsa.gov.cn/yp/toRkList.html.
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mM and pH = 1.6) and extraction times were 2 h. The second was 4 times the amount of simulated intestinal buffer 
(Sodium taurocholate 3 mM, Lecithin 0.75 mM, NaH2PO4 3.438 g, NaCl 6.186 g and pH = 7.0) and extraction times 
were 2 h. The solution was centrifuge, filtered, mixed and concentrated, and 21.1 g of a brown powder was obtained and 
dissolve to DMSO at final concentration at 70 mg/mL.

LC-MS/MS Analysis
The Liquid chromatography tandem mass spectrometry (LC-MS/MS) studies were carried out at Novogene Co., Ltd. 
(Beijing) using a Vanquish UHPLC system (Thermo Fisher) connected to an Orbitrap Q ExactiveTMHF-X mass 
spectrometer (Thermo Fisher). The samples were loaded onto a Hypersil Gold column using a 17-minute linear gradient 
at a flow rate of 0.2 mL/min. The eluents used in the positive polarity mode were eluent A, which consisted of 0.1% 
formic acid in water, and eluent B, which consisted of methanol. The eluents used for the negative polarity mode were 
eluent A, consisting of a solution containing 5 mM ammonium acetate at pH 9.0, and eluent B, consisting of methanol. 
The solvent gradient was set as follows: 2% B, 1.5 min; 2–85% B, 3 min; 85–100% B, 10 min; 100–2% B, 10.1 min; 2% 
B, 12 min. The Q ExactiveTM HF-X mass spectrometer was used in positive/negative polarity mode with a spray voltage 
of 3.5 kV. The capillary temperature was set to 320°C, the sheath gas flow rate was 35 pressure, and the auxiliary gas 
flow rate was 10 L/min. The S-lens RF level was set to 60, and the auxiliary gas heater temperature was 350°C.

Figure 1 Plant originated components of BT-7.
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Network Analysis
The chemical compositions of BT-7 were analyzed using LC-MS/MS. The selection requirements for these compositions were a 
Percent Human Oral Absorption rate of at least 30% and a drug likeness (DL) value of at least 0.185. The chemical targets of BT- 
7 have been downloaded from the TCMSP database, which is a database and analysis platform for traditional Chinese medicine 
systems pharmacology (https://old.tcmsp-e.com/tcmsp.php). The disease targets of enteritis with inflammation were obtained 
from the Gene Cards Database (https://www.genecards.org), National Center of Biotechnology Information database (NCBI) 
(https://www.ncbi.nlm.nih.gov/), and Online Mendelian Inheritance in Man database (OMIM) (https://omim.org/). The 
UniProtKB query tool within the UniProt database was applied to standardize the names of the expected target genes (http:// 
www.uniprot.org/).At last, a Venn analysis was carried out on the BT-7 and enteritis with inflammatory target genes in order to 
determine those common target genes. These target genes were used for the Gene Ontology (GO) (http://www.geneontology.org/ 
) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway (www.kegg.jp/kegg/pathway.html) analysis. Finally, using 
Cytoscape 3.9.0 a protein–protein interaction (PPI) network was constructed for the main pathway-related genes and metabolic 
components.

Molecular Docking
This study identified a significant target within the “Component Target-Pathway network” for targeted proteins, together 
with the six highest-degree active components from Cytoscape 3.9.0, to conduct molecular docking and validate their 
interaction activity. The protein crystal structure used for docking was sourced from the Protein Data Bank (PDB), while 
the 3D structures of the small molecules were retrieved from the PubChem database. The energy is optimized utilizing 
the MMFF94 force field. The molecular docking analysis was conducted using AutoDock Vina version 1.2.3 software. 
Before the commencement of docking, all receptor proteins were processed using PyMol 2.5.5, which entailed the 
elimination of water molecules, salt ions, and small molecules. Thereafter, the docking box is defined, and PyMol 
determines the precise central location of the box to ensure that each pocket within it serves as a possible binding site. 
Furthermore, all modified small molecules and receptor proteins were converted into the necessary PDBQT format for 
docking with autoDock Vina 1.2.3 utilizing ADFRsuite 1.0. In the docking phase, an extensive global search was 
performed with a thoroughness level set at 32, while all other parameters remained at their standard settings. The docking 
confirmation with the highest score from the output was utilized as a combination of confirmation, and the docking result 
from PyMol 2.5.5 was employed for visual evaluation.

Analysis of UPLC-QTof-MS
The following chromatographic conditions were used for detection: The Waters ACQUIY UPLC® BEH Shield RP18 
column was linked to a Vanguard HSS T3 guard column. Column temperature was 40°C; the mobile phase was as 
following: A: water (with 0.1% formic acid), B: acetonitrile (with 0.1% formic acid); the mobile phase gradient elution 
was: 50% → 90% B, 10 → 15 min: 100% B, 15 → 20 min: 50% B; the flow rate was 0.4 mL/min; the injection volume 
was: 2 μL. The experimental parameters for the mass spectrometry were as follows: The analysis method performed was 
Electrospray Ionization in the positive ion mode. Mass detection range was 100–1200 Da; capillary voltage was 3 kV; 
sample cone was 40 V; extraction cone was 4 V; source temperature was 100°C; desolvation temperature was 400°C; 
desolvation gas was 800 L/h, lockmass was 556.2771. The threshold for accuracy inaccuracy was set at 5 milliDaltons. 
The MassLynx 4.1 software controls the process of data collecting. The chemical composition of BT-7, which has anti- 
bacterial activity, was analyzed using LC-MS/MS detection. The chemical constituents were identified and their 
structures were determined using the “Chemdraw” software is utilized for generating of a molecular formula and a 
database as well as theoretical relative molecular masses.

Determination of Minimum Bactericidal Concentration of BT-7
For the MIC test, A two-fold serial dilution method was applied to obtain different concentrations of BT-7 ‘s 
antibacterial activity. At the 96-well plates, 100 μL of 104 cells of Salmonella typhimurium (14028s), Listeria 
monocytogenes (ATCC19111), and Staphylococcus aureus (ATCC 25923) were added into the culture with 
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different concentrations of BT-7. The plates were incubated at 37°C for 24 hours. Then, dilution cell to 102 cells 
from the mixture in each well was plated on solidified LB agar and incubated at 37°C for 24 hours to obtain the 
MIC. No growth on LB-agar was observed in the MIC. The MIC was defined as the lowest concentration of BT-7 
with bactericidal activity against the indicator strain.11 All experiments were conducted in triplicate.

Animal Experiment
Female mice, ages five weeks, weighing between 30 and 40 g, were purchased from Beijing Si Pei Fu Laboratory Animal 
Technology Co. Ltd. These mice were free from any specific pathogens. The mouse was acclimated for a period of 7 days 
prior to the beginning of any examinations. They were housed in a controlled environment (4 animals per cages, 55 ± 5% 
relative humidity, 22°C, 12 h:12 h light/dark cycle) and provided with free access to food and water. In vivo infection 
with Salmonella was carried out as described.12 Briefly, mice were treated with streptomycin at 300 mg/liter in drinking 
water for 2 days. Control mice were administered antibiotic-free drinking water. After 2 days, the antibiotics were 
withdrawn, and mice were infected with 3 × 108 Salmonella serovar Typhimurium (ATCC 14028) CFU/mouse by oral 
gavage. Uninfected control mice were given the same volume of PBS. For treatment experiments, mice were randomly 
divided into five groups and were continuously oral administration medicines, positive control (Levofloxacin) and BT-7 
by oral administration (once a day) for 5 days. The doses for each group were as following: untreated group (NT, n = 5, 
saline), Enteritis (Model, n = 5, saline), Enteritis+ Levofloxacin (EL, n = 5, Levofloxacin, 8 μg/100 g body weight), 
Enteritis+ BT-7 low (BT-7 low, n = 5, BT-7 35 mg/100 g body weight), and BT-7 high (BT-7 high, n = 5, BT-7140 mg/ 
100 g body weight). Drug doses were determined according to the dose of BT-7 in clinic: the dose of BT-7 low is 5 times 
of dose for human; the dose of BT-7 high is 4 times of BT-7 low. Mice were sacrificed by cervical dislocation and all 
studies were approved by the Ethics Committee of Inner Mongolia International Mongolian Hospital (Issue No. 
2022–001) and all experiments, which were performed in accordance with the National Institutes’ Guidelines for the 
Care and Use of Laboratory Animals.

H&E Staining
The Hematoxylin and Eosin (H&E) Staining procedure was performed using a methodology that has been 
previously described.13 The intestinal tissues were preserved by immersing them in a solution of 10% neutral 
buffered formalin for a whole night, followed by transferring them to a solution of 75% ethanol. The tissues were 
stained with H&E using the Modified Hematoxylin-Eosin HE Stain Kit, following usual procedures (Solarbio). 
Pathological scores were assigned as similar method that has been published previously.14 A scoring system was 
employed as follows: The numerical scale used to classify the severity of the condition is as follows: 0 indicates a 
normal state; 1 indicates villi blunting and mucosal inflammation; 2 indicates villi blunting, extensive mucosal 
inflammation, and submucosal inflammation; 3 indicates significant submucosal inflammation; and 4 indicates 
transmural inflammation.

Flow Cytometry Analysis
For macrophages counting, the equal weight intestinal tissues into small pieces, which were serially incubated in 1 × 
HBSS containing 5% FBS and 2 mM EDTA, and digestion buffer (1 × HBSS supplemented with 5% FBS, 
collagenase VIII, and DNase I). The released cells filtered through a 40-mm cell strainer and stained with FITC- 
conjugated anti- mouse F4/80 (BioLegend Cat. No. 123108, 1:100), PE-conjugated anti-CD11b (BioLegend Cat. No. 
101208, 1:100) for 30 min at 4°C in the dark and resuspended in FACS buffer. Flow cytometric analysis was 
performed on a FACSCantoII (BD Biosciences, San Jose, CA, USA), and the data were analyzed with BD 
FACSDiva software.

RNA Sequencing (RNA-Seq) and Quantitative RT-PCR
Salmonella total RNA was isolated with a RNAprep Pure Cell/Bacteria Kit (Tiangen), according to the manufac-
turer’s instructions. mRNA was purified from total RNA using probes to remove rRNA. First strand cDNA was 
synthesized using random hexamer primer and M-MuLV Reverse Transcriptase, then use RNaseH to degrade the 
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RNA, and in the DNA polymerase I system, use dUTP to replace the dNTP of dTTP as the raw material to 
synthesize the second strand of cDNA. Remaining overhangs were converted into blunt ends via exonuclease/ 
polymerase activities. After adenylation of 3′ ends of DNA fragments, Adaptor with hairpin loop structure were 
ligated to prepare for hybridization. Then, USER Enzyme was used to degrade the second strand of cDNA 
containing U, in order to select cDNA fragments of preferentially 370–420 bp in length, the library fragments 
were purified with AMPure XP system (Beckman Coulter, Beverly, USA). Then PCR was performed with Phusion 
High-Fidelity DNA polymerase, Universal PCR primers and Index (X) Primer. At last, PCR products were purified 
(AMPure XP system) and library quality was assessed on the Agilent Bioanalyzer 2100. The clustering of the index- 
coded samples was performed on a cBot Cluster Generation System using TruSeq PE Cluster Kit v3-cBot-HS 
(Illumia) according to the manufacturer’s instructions. After cluster generation, the library preparations were 
sequenced on an Illumina Novaseq platform and 150 bp paired-end reads were generated. Genes that exhibited a 
>1.5-fold change in expression, as determined by at least two pairwise comparisons showing the same trend, were 
chosen for further study in the test phase (p < 0.01). For RT-PCR, synthesized cDNA through a reverse transcription 
reaction using EasyScript® First-Strand cDNA Synthesis SuperMix (TransGen Biotech), which we then amplified 
with TransStart® Green qPCR UDG (TransGen Biotech) on an ABI Prism 7500 System (ABI, Carlsbad, USA). All 
oligonucleotides were purchased from Syn-Biotech.

Statistical Analysis
Data processing was undertaken with GraphPad Prism 6 software (La Jolla, USA). Continuous variables are described by 
mean ± standard deviation (mean ± SD). For independent samples, a two-tailed Student’s t-test was used for two-group 
comparisons, while multiple groups were compared with one-way analysis of variance (ANOVA) followed by Tukey’s 
post-hoc test for pairwise comparisons. The results were considered statistically significant when the p-value was less 
than 0.05.

Results
Chemical Composition of BT-7
To identify the key chemical composition of BT-7-SBE, we use the LC-MS/MS assay. Figure 2A and B illustrate that we 
identified 511 compounds in the negative (NEG) electrospray ionization modes of UHPLC-QE-MS, and 699 in the 
positive (POS) electrospray ionization modes. A total of 1210 chemical components were identified, with 78 types of 
chemicals classified as flavonoids, terpenoids, phenylpropanoids, phenols, and alkaloids being the primary chemical 

Figure 2 Analysis of active components of BT-7-SBE. (A) UHPLC-QE-MS BPI chromatogram of BT-7 extracted under the negative (NEG) electrospray ionization mode. (B) 
UHPLC-QE-MS BPI chromatogram of BT-7 extracted under the positive (POS) electrospray ionization mode. (C) Classification of active components of BT-7 detected by 
UHPLC-QE-MS analysis.
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constituents of BT-7-SBE (Figure 2C). These compounds are common in medicinal plants, and many of them have been 
confirmed with anti-inflammatory and anti-bacterial activities.

Searching for the Anti-Inflammatory Target of BT-7 with Network Pharmacology
The network analysis “Compound-Target-Disease” is appropriate to explore the complicated TMM therapeutic 
effects of multiple compounds and targets. Therefore, we performed a network analysis of the BT-7 metabolites 
that had been detected by the LC-MS/MS assay to explore the pharmacological actions of BT-7. In the TCMSP 
database, we obtained 146 BT-7 components that were screened according to the Percent Human Oral Absorption 
(≥30%) and DL values (≥0.18). Meanwhile, there were 883 target genes related to the BT-7 components. There were 
420 enteritis-inflammation target genes obtained from the Gene Cards, NCBI, and OMIM Databases. Using the Venn 
analysis, we identified 82 common target genes among the BT-7 and enteritis-inflammation-related target genes 
(Figure 3A). In order to obtain more insight into the complex connections underlying components, diseases, and 
their respective targets, we created a network that covers the included components, therapeutic diseases, and its 
effect on the targets. We imported it into Cytoscape 3.8.0 to create a graphical illustration of the network 
(Figure 3B). GO and KEGG enrichment analyses were conducted on these 82 target genes. The 82 of BT- 
7’s target genes for enteritis-inflammation treatment were introduced into String 11.5 to construct a PPI network, 
and the top 20 key genes were screened according to their degree value (ALB, IL6, AKT1, TNF, VEGFA, TP53, 
MAPK3, CXCL8, MAPK1, PTGS2, EGFR, CASP3, SRC, MMP9, JUN, MAPK8, AR, RELA, APP and HIF1A). 
GO analysis indicated that these components significantly regulated the oxidative stress, chemical stress, response to 
molecules of bacterial origin, cell signaling transduction, and cell structure like membrane and synapse (Figure 3C). 
In the KEGG enrichment analysis, most of the target genes were significantly enriched in the pathogen infection, 
inflammatory signaling pathway, such as lipid and atherosclerosis, TNF signaling pathway, Toll-like receptor 
signaling pathway, and lL-17 signaling pathway (Figure 3D).

Molecular Docking of Key Active Components of BT-7 with Inflammation Target
Applying docking simulation technology offers a convenient and efficient method to investigate the interaction between small 
compounds and target proteins. In this study, we apply the Vina 1.2.3 software to discover the binding affinity and binding 
pattern of the active components (chrysin, ladanein, luteolin, moslosooflavone, oroxylin A and tectochrysin) between protein 
TNF-α. The binding mode of chrysin to TNF-α protein is shown in Figure 4. Chrysin forms a pi–pi interaction with TYR-135 
on TNF-α protein and forms hydrophobic interaction with TILE-231, LEU-233, TYR-135 and LEU-133 on the TNF-α 
(Figure 4A). Ladanein and protein on ILE-231, LEU-233, TYR-135 and LEU-133 form a hydrophobic effect and hydrogen 
bond with LEU-233, in addition, form a pi–pi interaction with TYR-135 of TNF-α (Figure 4B). The attachment pattern and 
action details of luteolin to TNF-α protein have been shown in the figure below (Figure 4C), and ILE-231, LEU-233, TYR- 
135, LEU-133 of TNF-α form hydrophobic effects with luteolin and also form hydrogen bonding and pi–pi interaction with 
LEU-233 and TYR-135. The binding mode of moslosooflavone with TNF-α protein is shown in the figure below (Figure 4D), 
and the moslosooflavone forms a hydrophobic effect with TNF-α on ILE-231, LEU-233, TYR-135, LEU-133 and forms pi-pi 
interaction with TYR-135. Oroxylin A and TNF-α on ILE-231, LEU-233, TYR-135, LEU-133 form hydrophobic effects and 
form hydrogen bonding with TYR-195, and pi–pi interaction with TYR-135 (Figure 4E). Tectochrysin with TNF-α at ILE- 
231, LEU-233, TYR-135, LEU-133 form hydrophobic effect, and at TYR-227 form hydrogen bond, in addition, with TYR- 
135 to form pi–pi interaction (Figure 4F). TNF-α is a key target, and most molecules have strong binding energy with TNF-α 
on the ILE-231, LEU-233, TYR-135, LEU-133, and other amino acids are frequent amino acids that interact with these 
molecules, which means that these amino acids are key amino acids of TNF-α.

Analysis of Anti-Bacterial Components in BT-7
The BT-7 compound consists of several active components with broad inhibitory effects on both gram-positive and gram- 
negative bacteria. By applying the method of UPLC-qTOF mass analysis, we successfully detected a total of 20 
compounds in the BT-7-SBE that have the potential to exert important antibacterial effects (Figure 5A–E). These 
compounds were previously reported to have antibacterial activity (Table 2).
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Figure 3 A comprehensive investigation of the network pharmacology of enteritis with inflammation with BT-7. (A) The Venn diagram illustrates the shared target genes between 
drugs and diseases. The size represents the quantity of target genes. The blue and red circle represents the target genes associated with enteritis and inflammation. The green circle 
represents the target genes of the 146 components of UHPLC-QE-MS in BT-7. The overlapping area represents the shared target genes. (B) Compound-active ingredient-disease-target 
gene. Node colors represent different groups: The light purple circle in the network represents the active components, green represents the target of the drug acting on the disease, 
and yellow represents the disease. The connecting line represents the network relationship between the compound and the target. (C) GO analysis (top 20), Biological process (BP), 
cellular component (CC), and molecular function (MF). (D) Performing KEGG analysis to identify the top 20 enriched pathways. The size of each node indicates the number of target 
genes that are enriched, while the color of the node ranges from blue to red, indicating the p-value from high to low. The length of the node corresponds to the number of target genes 
that are enriched, meanwhile the color of the node ranges from blue to red, indicating the p-value from high to low.
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Antibacterial Activity of BT-7
The primary antimicrobial screening was carried out using the medium dilution method. As showed in Figure 6A and B, 
BT7-SBE (0–3.5 mg/mL) inhibited the growth of Salmonella dose dependently, reaching a complete growth inhibition at 
a concentration of 3.5 mg/mL. Minimal inhibitory concentration (MIC) of BT7-SBE against the Salmonella typhimurium, 
Listeria monocytogenes and Staphylococcus aureus were summarized in Table 3.

BT7 Attenuated the Invasion of S. typhimurium in Mice
To investigate the in vivo antibacterial activity of BT-7, H&E-stained intestine were examined on the Salmonella 
typhimurium-induced intestinal infection model of mice (Figure 7A and B). H&E staining showed that the intestine of 
Salmonella infected mice treated with BT-7 significantly reduced edema and inflammatory infiltration, and at the higher 
dose completely protected the epithelial architecture (Figure 7C and D, **p<0.01, ***p<0.001).

BT-7 Inhibit Arginine Synthesis Pathway and Infection Genes in Salmonella
At a concentration of 1/2 MIC in BT-7, around 20% of bacteria survive. To understand the mechanisms by which 
interaction with BT-7 we conduct RNA-Seq experiments. Here, 1/2 MIC of BT-7 was used to treat Salmonella cells, 
and non-treated bacteria were used as control. Among all the identified differentially expressed genes (DEGs), 1547 
genes were significantly downregulated, while 1522 genes had the significantly upregulated (Figure 8A, p < 0.05). The 
majority of DEGs were present in all replicates (Figure 8B). To assess the biological implications of DEGs we 
identified, we conducted KEGG pathway enrichment analyses. The top 20 up- and down-regulated pathways are shown 
in Figure 8C and D. Top 3 up-regulated DEGs were enriched in pathways controlling ATP-binding cassette (ABC) 
transporters, oxidative phosphorylation and o-Antigen nucleotide sugar biosynthesis, while downregulated genes were 
enriched in pathways controlling arginine biosynthesis, Salmonella infection and sulfur metabolism. The interaction 
between the Salmonella infection pathway and pharmacological analysis confirmed the role of BT-7 (Figure 8D). 
Therefore, some infection-related genes were randomly selected from the down-regulated genes in the Salmonella 
infection pathway for confirmation by RT-PCR (Figure 9).

Figure 4 Molecular docking of BT-7’s six key components with TNF-α. (A) Chrysin and TNF-α binding mode, (B) Ladanein and TNF-α binding mode, (C) Luteolin and TNF- 
α binding mode, (D) Moslosooflavone and TNF-α binding mode, (E) Oroxylin A and TNF-α binding mode, (F) Tectochrysin and TNF-α binding mode. 
Note: The illustration on the left provides a comprehensive perspective, while the illustration on the right offers a limited viewpoint. The yellow stick symbolizes a 
component, the blue cartoon symbolizes proteins, the blue line symbolizes hydrogen bonding, the gray dashed line symbolizes hydrophobic interactions, and the green 
dashed line symbolizes pi–pi interactions.
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Discussion
The World Health Organization (WHO) reports that over 2 billion individuals worldwide face diarrhea each year.37 The 
abuse of antibiotics in recent years has resulted in a growing worldwide challenge of bacterial resistance. It is urgently 
needed to find efficient, low toxicity, and anti-drug resistant bacteria drugs.38 More and more research has shown that 
traditional medicines have direct antibacterial effects or promote the antibacterial activity of antibiotics, with relatively 
small adverse reactions and less susceptibility to drug resistance.3 Natural medicine resources are characterized by a wide 

Figure 5 Continued.
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range of drug sources. Therefore, searching for new antibacterial drugs from traditional medicine has become a new 
opportunity.39 This study explores antibacterial mechanism research in Traditional Mongolian Medicine formulas BT-7.

We observed the toxicity of BT-7 in pre-experiments by gavage with a dose of BT-7 equivalent to 5 times the 
highest dose used in this study, which did not cause toxicity or death in mice, and other studies have also reported 
that BT-7 is equivalent to about 120 times the safe dose for clinical adults (body weight of 70 kg) in the maximum 
tolerance test, and none of them showed acute toxicity.40 In clinical observation studies, BT-7 has shown good 
efficacy in intestinal diseases caused by bacterial infections, and different research groups can repeat its effective-
ness at different times and hospitals.41–44

Salmonellosis is a prevalent bacterial infection that specifically targets the gastrointestinal tract. Salmonella 
pathogens commonly settle in the gastrointestinal tract of humans and pass through in stools.45 Humans are 
primarily affected through water or food that has been polluted. S. Typhimurium strains have demonstrated 
invasiveness by bypassing the intestinal wall and entering the bloodstream. This unique ability to cause disease is 
strongly associated with the virulence characteristics of S. Typhimurium.46 Salmonella has pathogenic islands can 
mediate its invasion of intestinal epithelial cells. In order to clarify the effect of BT-7 on Salmonella virulence 
genes, RNA-Seq was used to compare gene expression on BT-7-treated or non-treated Salmonella cells. BT-7 
downregulates 1547 genes in Salmonella, mainly arginine biosynthesis, Salmonella infection, and sulfur metabolism- 
related genes. Potential future antibiotic candidates are bacterial nutritional stress inhibitors. Amino acid biosynth-
esis pathways play a crucial role in bacterial growth under conditions of limited nutrients, both in laboratory 

Figure 5 Analysis of active components of BT-7. (A) UHPLC-QE-MS BPI chromatogram of BT-7’s main anti-bacterial components. Plots of identified anti-bacterial 
components extracted from BT-7SBE using UHPLC-QE-MS and UNIFI data processing. (B) MS/MS spectrum of morin, genistein, quercetin, myricetin, nobiletin, chrysin and 
deoxycholic acid. (C) MS/MS spectrum of kaempferol, liquiritigenin, rhamnetin and oroxylin A. (D) MS/MS spectrum of apigenin, rhein and geranylgeraniol. (E) MS/MS 
spectrum of cholic acid, pterostilbene and isoliquiritigenin.
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Table 2 The Key Antibacterial Components in Batri-7

NO. Compound Chemical 
Formula

Calculated 
m/z

Obtained 
m/z

Reported Inhibiting Bacteria

1 Nobiletin C21 H22 O8 402.1315 403.1373 Helicobacter pylori,15 Pseudomonas16

2 Genistein C15 H10 O5 270.0528 271.0609 Vibrio harveyi and Bacillus subtilis17

3 Morin C15 H10 O7 302.0427 303.0504 Vibrio cholerae18

4 Oroxylin A C16 H12 O5 284.0685 285.0757 Bacillus subtilis, Staphylococcus aureus, Klebsiella aerogenes and Pseudomonas aeruginosa19

5 Apigenin C15 H10 O5 270.0528 271.0616 Escherichia coli20

6 Chrysin C15 H10 O4 254.0579 255.0657 Escherichia coli, Salmonella typhimurium, Staphylococcus aureus, and Listeria monocytogenes21

7 Quercetin C15 H10 O7 302.0427 303.0507 Staphylococcus aureus and Escherichia coli22

8 Rutin C27 H30 O16 610.1534 611.1621 Klebsiella pneumoniae and Escherichia coli23

9 Rhamnetin C16 H12 O7 316.0583 317.0662 Escherichia coli24

10 Kaempferol C15 H10 O6 286.0477 287.0557 Staphylococcus aureus, Escherichia coli, Mycobacterium tuberculosis and Helicobacter pylori25

11 Luteolin C15 H10 O6 286.0477 287.0556 Staphylococcus aureus26

12 Myricetin C15 H10 O8 318.0376 319.0453 Staphylococcus aureus27

13 Liquiritigenin C15 H12 O4 256.0736 257.0816 Mycobacterium tuberculosis28

14 Isoliquiritigenin C15 H12 O4 324.1362 325.1444 Staphylococcus aureus, Staphylococcus epidermidis, and Staphylococcus hemolyticus,29 Mycobacterium tuberculosis,28 

Mycobacterium bovis30

15 Eriodictyol C15 H12 O6 288.0634 289.0715 Micrococcus luteus, Staphylococcus aureus and Bacillus subtilis31

16 Geranylgeraniol C20 H34 O 290.261 291.2688 Streptococcus mutans32

17 Rhein C15 H8 O6 284.0321 285.0402 Streptococcus mutans33

18 Pterostilbene C16 H16 O3 256.1099 257.1165 Staphylococcus aureus34

19 Cholic acid C24 H40 O5 408.2876 431.2764 Staphylococcus aureus and Escherichia coli35

20 Deoxycholic acid C24 H40 O4 392.2927 393.2974 Helicobacter pylori36
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conditions and within the host.47 BT-7 significantly downregulated arginine biosynthesis-related genes. The type III 
secretion system and effectors involved in epithelial cell invasion are encoded by the Salmonella enterica patho-
genicity island 1 (SPI-1) gene cluster.48 The SPI-1 genes (sitA, sprB, hilC, sitB, hilA, sicP, hilD, sitC, invH, iagB, 
sptP, sitD, avrA, prgH, prgK, sipA) is significantly downregulated by BT-7, which facilitates Salmonella infection in 
the host. Sulfur is an essential nutrient because of its impact on bacteria during colonization.49 BT-7 significantly 
downregulated sulfur metabolism-related genes such as cysD, cysP, cysK, cysT, cysN, cysJ. Sulfur is a versatile 
element that may exist in various oxidation states. The redox activity of Salmonella is facilitated by this feature, 
which is present in the amino acid cysteine (Cys), methionine, and several important cofactors.50 CysD and CysN- 
CysD are enzymes involved in ATP sulfurylation. CysN provides energy through its GTPase activity, allowing the 
formation of adenosine-5′-phosphosulfate. This compound can then enter the reductive branching of sulfate assim-
ilation, subsequently leading to the production of cysteine.51 BT-7 up-regulates 1522 genes in Salmonella, mainly 
ABC transporters, oxidative phosphorylation and o-Antigen nucleotide sugar biosynthesis pathway-related genes. 
Those genes contribute to Salmonella survival in antibacterial conditions. ABC transporters are commonly used by 
bacteria to develop resistance to antibiotics. These transporters actively remove the medicine from the cell.52 The 
oxidative phosphorylation pathway of cellular respiration, which is involved in energy metabolism in bacteria, has 
become a novel target pathway for drug discovery.53 Depending on the activation state, macrophages are divided 
into classically activated M1 macrophages and alternatively activated M2 macrophages. Gene expression correlates 
with macrophage type in Salmonella-induced macrophages. O-antigen nucleotide sugar biosynthesis pathway-related 

Figure 6 Antibacterial activity against Salmonella by BT-7. (A). Dose-dependent antibacterial study at the BT-7-SBE from 0 mg/mL up to 3.5 mg/mL. (B). Graph of mean 
inhibition rate from three times diffusion assays showing the effect of BT-7-SBE on the growth of Salmonella (triplicate experiments). The significance is given by **p < 0.001; 
ns: non-significant (p > 0.05).

Table 3 MIC of BT7 Against Three 
Types of Bacteria

Organism MIC (mg/mL)

Salmonella typhimurium 3.5

Listeria monocytogenes 4
Staphylococcus aureus 2
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genes are highly expressed, allowing Salmonella to induce M1 macrophages.54 Salmonella can survive and cause 
further infestation in both M1 and M2 macrophages,55 and BT-7 reduces the number of total macrophages to help 
treat Salmonella infections.

In addition to TMM used in the treatment of infectious diseases in clinical practice, some of them have been 
found to be effective in the treatment of infection and inflammatory diseases in basic studies, such as the treatment 
of gastric ulcers with the drug Ruda-6.56–58 The research on the treatment of bacterial infectious diseases is still in 
its infancy, and some of the TMM herb extracts have shown efficiency in the inhibition of E. coli, S. aureus, and K. 
pneumoniae growth.59–61 In this study, we explore the mechanism of BT-7 against Salmonella infections, which is a 
new exploration in the field of TMM formulae against bacterial potential mechanisms. The TCM formulae San- 
Huang-Xie-Xin-Tang also has a therapeutic effect on Salmonella infection.62 Therefore, the study and discovery of 
Traditional Medicines against bacterial infectious diseases can help to reduce the use of antibiotics and the 
production of drug-resistant bacteria.

Studying traditional formulations allows us to discover antimicrobial compounds and opportunities for multiple 
component combinations to cooperate inhibit bacterial growth. Our results show that BT-7 mainly regulates the 
inflammation-associated TNF signaling and Toll-like receptor signaling pathways. This may be related to the BT-7 
containing key anti-inflammatory components. Studies have shown that morin,63 quercetin,64 myricetin,65 luteolin,66 

rhein,67 etc. can down-regulate the expression of inflammatory factor TNF-α. Nobiletin,68 genistein,69 morin,70 

apigenin,71 myricetin,72 etc. can inhibit toll-like receptor 4 pathway activation. The antimicrobial activity of BT-7 is 

Figure 7 Histopathology analysis of small intestine from experimental mice after treated by BT-7 (H&E staining, 40 ×; 200 ×) and actions of BT-7 on the small intestine 
macrophages. Control, without infection normal small intestine tissue give equal volume saline; Model, small intestine tissue from mice infected with Salmonella treated with 
equal volume saline; Levofloxacin, positive control group, Salmonella infection mice treated with levofloxacin (20 mg/day); BT-7-Low, Salmonella infection mice treated with 
BT-7 (17.5 mg/day, 7 days); BT-7-High, Salmonella infection mice treated with BT-7 (35 mg/day, 7 days). (A) Histopathological changes were observed in the small intestine. (B) 
Histology scores of small intestinal of mouse. (C) and (D). Flow cytometry analysis has been performed to evaluate the expression of CD11b and F4/80 markers. 
Macrophages isolated from intestine tissue of mouse from Control, Model, Levofloxacin, BT-7-Low and BT-7-High groups were stained with antibodies against CD11b and 
F4/80 and isotype controls and analyzed by flow cytometry using the FACSDiva Software v8.0.1. The percentage of double-positive CD11b+ /F4/80+ events is in Q2. Results 
are expressed as mean ± SD (n = 5/group), **p <0.01, ***p <0.001.
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related to its containment of flavonoids. These compounds have been shown to have antimicrobial effects, and some 
of them can inhibit drug-resistant strains.24 Also, the combinations of those compounds will enhance each other’s 
antibacterial effects.73 Rutin enhanced antibacterial activities of flavonoids against Salmonella enteritidis.74 

Kaempferol combined with colistin against colistin-resistant gram-negative bacteria.75 Therefore, we believe that 
the antibacterial and anti-inflammatory effects of BT-7 are the result of the combined action of these components.

Figure 8 RNA-Seq analysis reveals genes and pathways targeted by BT-7. (A) Volcano plot of mRNAs expression in BT-7 treated (BT-7) and non-treated (Blank) group 
Salmonella cells (triplicate experiments). (B) Expression heatmap of differential expression genes between BT-7 treated (BT-7) and non-treated (Blank) group. (C) A barplot 
is used to display the enrichment of upregulated differentially expressed genes in KEGG. The X-axis indicates the count of genes, the Y-axis shows the different pathways, 
and the different colors reflect the corrected P-values. The graph displays the enrichment of upregulated DEGs in the KEGG database. The X-axis indicates the gene count, 
while the Y-axis represents the different pathways. The different colors on the graph indicate the corrected P-values, with a significance level of p <0.05. (D) Barplot showing 
the enriched KEGG pathways of down-regulate DEGs.
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Conclusion
Collectively, our data suggest that BT-7 treats Salmonella induced enteritis through anti-inflammatory and anti-bacterial 
by TNF signaling pathway. BT-7 contains 20 anti-bacterial components to inhibit Salmonella growth through the target 
Salmonella infection genes.
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