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Purpose: Acute lung injury (ALI) is a serious clinical respiratory disease, but there are few effective drugs for ALI. As a natural 
product, Elsholtzia bodinieri Vaniot is used as a drink and medicine in ethnic minority areas of Southwest China. In previous studies, 
we found that E. bodinieri Vaniot methanol extract (EBE) was effective against ALI. This study was carried to investigate the role and 
mechanisms of EBE ethyl acetate extract (EBEE) against oxidative stress in ALI.
Methods: By multiple bioinformatics analysis, AGER and ITGB2 were found to be the potential target genes of EBEE against oxidative 
stress in ALI. Different doses of EBEE were feed into ALI mice in vivo (600 mg/kg bw, 200 mg/kg bw) and .RAW 264.7 cells (100 μg/mL, 
25 μg/mL) in vitro to evaluate the protection function. Western Blot, immunofluorescence and biochemical factor detection were used to 
measure the levels of oxidative stress associated factors, and gut microbiota analysis examined the gut microbiota in mice.
Results: EBEE, which contained a total of 1374 components, was identified as the most active against oxidative stress. The EBEE 
treatment most significantly downregulated the ROS, MDA and pathological damages. AGER and ITGB2 were picked up as target 
genes of EBEE against ALI by bioinformatics. In vitro and in vivo, AGER, NOX4, and P-GSK3β expression levels were significantly 
decreased, and ITGB2, P-AKT, NRF2 and HO-1 were significantly up-regulated throughout EBEE treatment. By consuming EBEE, 
Chthoniobacteraceae significantly increased, while the pernicious bacteria Staphylococcaceae significantly reduced in ALI mouse.
Conclusion: EBEE treatment significantly ameliorated the pathological damage and oxidative stress by regulating AGER, ITGB2 and 
related pathways in vitro and in vivo. Furthermore, EBEE treatment improved the composition of the gut microbiota in ALI mice. 
These data suggested that EBEE could be used as a potential functional food for prevention and treatment of ALI.
Keywords: Elsholtzia bodinieri Vaniot, ethyl acetate extract, acute lung injury, oxidative stress, AGER, ITGB2

Introduction
E. bodinieri Vaniot is a perennial herb of the Labiatae family, widespread in Yunnan and Guizhou at altitudes of 1200–1300 
metres and has many common names such as “Dongzisu” and “Toothbrush Grass” in Yunnan, China.1 E. bodinieri Vaniot has 
a wide range of uses, not only as a medicine to take but also as a drink in ethnic minority areas. It can be used as a traditional 
Chinese medicine to treat hepatitis, cough, pharyngitis, headache and fever.2 Yang et al found that several triterpenoid 
saponins isolated from the n-BuOH extract of the aerial part of E. bodinieri Vaniot showed anti-influenza activity.3 In previous 
research, our team extracted and identified nine major compounds from E. bodinieri Vaniot (EBE), including 6 flavonoids and 
3 phenols. We then investigated the effect of EBE in ameliorating acute lung injury in vivo and in vitro and found that EBE 
treatment inhibited pyroptosis, attenuated inflammation, alleviated oxidative stress and induced macrophage polarization 
towards the M2 phenotype.1,4 However, further research is needed to determine which components of E. bodinieri Vaniot 
fraction play a role and what mechanisms are involved in alleviating oxidative stress in ALI.
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ALI, a disease characterised by inflammation and oxidative damage,5 is manifested by immune cell infiltration in the 
lungs, acute hypoxic respiratory failure, and hypoxemia without left atrial hypertension.6,7 ALI can be caused by 
a variety of factors, such as induction by lipopolysaccharide (LPS),8,9 methicillin-resistant Staphylococcus aureus,10 

and some diseases can cause the subsequent development of ALI, such as COVID-19,11 sepsis,12 influenza A,13 

haemorrhagic shock14 and so on. ALI complications can also occur after video-assisted thoracoscopic surgery.15 In 
addition, cigarette smoke can also cause ALI.16 However, the clinical treatment of ALI is limited,17 so it can be 
extremely harmful, it has the characteristics of high morbidity and high mortality,18 and the state of lung disease affects 
the function of megakaryocytes and platelets in the body.19 ALI treatment methods can be divided into two main 
categories, mechanical ventilation and drug therapy, and the drug commonly used in clinical practice is dexamethasone, 
but a major drawback of these drugs is that they are associated with harmful side effects such as osteoporosis and gastric 
ulcers.20 Given the severity of the damage it causes, there is a need to develop a natural plant product that can alleviate 
ALI. From our previous studies, we have found that E. bodinieri Vaniot could alleviate ALI,1,4 however it is not yet 
known whether each fraction of the EBE has the effect of inhibiting ALI and which fraction has a major antioxidant 
stress effect in the treatment of ALI. Oxidative stress, usually caused by excessive reactive oxygen species (ROS), can 
occur in some situations such as ageing, infection and systemic disease.21–23

In this study, we found that EBEE (one of the EBE fractions) had a greater antioxidant capacity than other fractions, EBEE 
treatment significantly ameliorated the pathological damage and oxidative stress in the lung tissue of ALI mice, and AGER 
and ITGB2 were screened as possible pharmacological targets of EBEE against oxidative stress in ALI based on several 
bioinformatics databases, EBEE treatment attenuated oxidative stress by regulating AGER, ITGB2 and related pathways were 
verified in vitro and in vivo, EBEE treatment improved the composition of the gut microbiota in ALI mice.

Materials and Methods
Extraction and Identification of E. bodinieri Vaniot Fractions
Previously, E. bodinieri Vaniot was collected from Wenshan, Yunnan Province, China, and was identified by Professor Cao, 
voucher specimen deposited at the Faculty of Food Science and Engineering, KUST.4 The collection and extraction of EBE 
were described in detail in our previous study,4 in brief, the powdered E. bodinieri Vaniot was degreased with petroleum ether 
and extracted three times with an aqueous solution of 80% methanol by means of ultrasonic extraction, each time for 
30 minutes (material/solution ratio 1:10). It was centrifuged at 1500g for 10 minutes to obtain the supernatant, which was then 
evaporated and lyophilised under vacuum to obtain EBE. EBE was dissolved in distilled water at a solid-liquid ratio of 1:1024 

and extracted sequentially with ethyl acetate, butanol, and dichloromethane using a liquid-liquid partition method (v/v; 1:1), 
with each solvent being extracted three times. After evaporation and lyophilization, EBEE, EBE dichloromethane extract 
(EBED), EBE butanol extract (EBEB) and residual EBE aqueous extract (EBEW) were obtained. EBE and these fractions 
were identified using a widely targeted components analysis approach.

Evaluation of Antioxidant Activity
EBEW, EBEE, EBED, and EBEB were dissolved in the DMEM/high glucose (8123269, Gibco, Carlsbad, CA, USA). RAW 
264.7 (TIB-71, ATCC, Rockefeller, MA, USA), mouse mononuclear macrophage leukemia cells, were seeded in 96-well 
plates and divided into Control, DMSO, LPS, EBEE, EBEB, EBED and EBEW groups. After 24 hours of culture, 1µg/mL 
LPS (L8880, Solarbio, Beijing, China) was added to Model, EBEE, EBEW, EBEB and EBED groups, respectively, and the 
ROS level of each group was detected 24 hours later using the ROS kit (S0033S, Beyotime, Shanghai, China).

ALI Mice Model
Male C57BL/6J mice (7 weeks old, SPF, Beijing, China) were randomly divided into six groups: Control, DMSO, LPS, 
EBEE(600), EBEE(200) and DXM groups (six mice in each group). Dimethyl sulfoxide solution (DMSO) was used to 
accelerate the dissolution of EBEE and this group was established to ensure the uniformity of the experiment. After 
placing all animals in a constant environment (24°C, moderate humidity, 12 h dark/light cycle) for one week, the Control 
group received distilled water, the DMSO group received the same amount of DMSO, the EBEE(600) and EBEE(200) 
groups received 600 mg/kg (body weight) and 200 mg/kg (body weight) EBEE, respectively, and the DXM group 
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received 10 mg/kg (body weight) dexamethasone (DXM) (D8040, Solarbio, Beijing, China). After the experiment lasted 
for one week,25 the Model, EBEE(600), EBEE(200) and DXM groups were injected with LPS (L8880, Solarbio, Beijing, 
China) at a concentration of 1µg/g (body weight) by nasal drip perfusion and then induced acute lung injury for 24 
hours.26 All mice were fasted for 12 hours, and the blood of mice was collected by ethylenediaminetetraacetic acid 
venous blood collection using the eyeball extraction method. They were then centrifuged at 3000 rpm for 10 minutes at 
4°C, and the plasma was collected and stored. All experimental and animal care protocols were approved by the 
Kunming University of Science and Technology Animal Ethical Committee (PZWH(Dian) K2022-0006) and the 
European Community guidelines (EEC Directive of 1986; 86/609/EEC).

Histological Analysis
Mouse lung tissue was embedded in cold 4% paraformaldehyde (BL539A, Biosharp, China) for 2 days and then 
immersed in a gradient of ethanol to facilitate dehydration. Paraffin-embedded tissue block 4 μm section. Sections 
were first deparaffinised in xylene and repeated for 20 minutes each time. After rehydration in reduced concentration 
ethanol solution for 5 min, they were rinsed in water for 5 min. Dye used in the hematoxylin and eosin (H&E) staining 
techniques. An optical microscope (Olympus, Japan) was used to observe the pathological changes in the lung tissue 
sections. The edema score of lung tissue was based on the previous literature report.27

Exploration and Identification of Key Genes
The target genes of EBEE compounds were predicted from the Swiss Target Prediction database (http://www.swisstar 
getprediction.ch/).28 The genes related to ALI were retrieved from DisGeNET (https://www.disgenet.org/).29 

Differentially expressed genes (DEGs) of GSE17355 were analyzed using R. The overlap of EBEE target genes, ALI 
and DEGs was performed using Venn diagram with the R package. Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analysis of the overlapping gene were performed using R. The STRING database was used 
for protein-protein interaction (PPI) analysis of overlapping genes.

Cell Experiments
RAW 264.7 is a leukemic monocyte/macrophage cell line of mouse. Previous studies showed that RAW 264.7 was 
stimulated with LPS to establish steadily inflammatory model.1 RAW 264.7 cells were cultured in DMEM/high glucose 
(8123269, Gibco, Carlsbad, CA, USA), supplemented with 10% fetal bovine serum (04–001-1A, Biological Industries, 
Kibbutz Beit-Haemek, Israel) and 1% penicillin-streptomycin solution (03–031-1B, Biological Industries, Kibbutz Beit- 
Haemek, Israel) at 37 °C in 5% CO2 humidified atmosphere and cells were passaged on time. The cell viability 
experiment was performed using the Cell Counting Kit-8 (CCK-8) assay (CK04, DOJINDO, Kumamoto, Japan). 
RAW 264.7 cells were seeded at a density of 4×105 cells/well in 6-well plates and were also divided into six groups: 
Control, DMSO, LPS, EBEE(100), EBEE(25) and DXM groups. The Control group was not treated and the DMSO 
group was treated with the same amount of DMSO required to dissolve EBEE. The EBEE(100) and EBEE(25) groups 
were supplemented with 100 μg/mL and 25 μg/mL EBEE in DMEM, respectively, and the DXM group was supple-
mented with 10μM dexamethasone (D8040, Solarbio, Beijing, China) in DMEM. After 24 hours of incubation, 1μg/mL 
LPS was added to the LPS, EBEE(100), EBEE(25) and DXM groups. Both LPS and DXM need to be dissolved before 
use. After a further 24 hours, samples were collected for each group.

Cytokines Detection
The levels of ROS (S0033S, Beyotime, Shanghai, China), Malonaldehyde (MDA) (S0131S, Beyotime, Shanghai, China), 
Superoxide dismutase (SOD) (A001-3, Nanjingjiancheng, Nanjing, China) and Glutathione (GSH) (A006-2-1, 
Nanjingjiancheng, Nanjing, China) were determined according to the instructions of the kits. In mouse experiments, plasma 
ROS levels were measured using the Mouse ROS ELISA Kit (ml009876-1, MLBIO, Shanghai, China). Data were read on 
a microplate reader (Biotek, Santa Clara, CA, USA) and analyzed using GraphPad Prism 9.0.2.161 software.
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Western Blotting
RIPA lysis buffer (R0010, Solarbio, Beijing, China) was used to lyse cells and tissues during sample extraction, 160μL of 
RIPA containing 1% PMSF was added to each 20mg mice lung tissue, and for cells, 200ul of RIPA containing 1% PMSF 
was added to each well of the 6-well plate. The BCA protein quantification kit ((P0010, Beyotime, Shanghai, China) was 
used to detect the protein concentration in the lysis buffer. An equivalent amount of protein was separated by SDS-PAGE 
(7.5% or 10%) and then transferred to a PVDF membrane (IPVH00010, Millipore, Saint Louis, MO, USA). The primary 
antibodies used were: AGER (1:5000, 16,346-1-AP, Proteintech, Wuhan, China), NADPH Oxidase 4 (NOX4) (1:2500, 
14,347-1-AP, Proteintech, Wuhan, China), Heme Oxygenase 1 (HO-1) (1:2000, 66,743-1-lg, Proteintech, Wuhan, China), 
Nuclear Factor-like 2 (NRF2) (1:2000, 80,593-1-RR, Proteintech, Wuhan, China), Phosphorylated glycogen synthase 
kinase 3 beta (P-GSK3β) (1:1000, 14,850-1-AP, Proteintech, Wuhan, China), Glycogen Synthase Kinase 3 beta (GSK3B) 
(1:5000, 22,104-1-AP, Proteintech, Wuhan, China), Phosphorylated Protein kinase B (P-AKT) (1:10,000, 80,455-1-RR, 
Proteintech, Wuhan, China), Protein kinase B (AKT) (1:5000, 10,176-2-AP, Proteintech, Wuhan, China), ITGB2 (1:1000, 
10,554-1-AP, Proteintech, Wuhan, China), GAPDH (1:10000, HRP-60004, Proteintech, Wuhan, China). And anti-mouse 
lgG (1:5000, SA00001-1, Proteintech, Wuhan, China) and anti-rabbit lgG (1:10000, SA00001-2, Proteintech, Wuhan, 
China) were the secondary antibodies. ECL chemiluminescent substrate Reagent Kit (PK10003, Proteintech, Wuhan, 
China) was used to visualize the bands.

Immunofluorescent Staining
Optimal cutting temperature (O.C.T) compound (SAKURA Tissue-Tek, Japan) was used to embed mouse lung tissue and 
frozen at −80 °C, followed by rapid sectioning at 15 μm using a freezing microtome (CM 1950, Leica, Germany). These 
sections were then fixed in 4% paraformaldehyde for 30 minutes and washed three times in phosphate buffer saline (PBS), 
incubated with 3% H2O2 for 10 minutes, rinsed three times with PBS for 5 minutes each, and blocked with 10% goat serum 
overnight at 4°C. Sections were incubated with NRF2 antibody for 1 hour at 37°C and washed three times with PBS for 
5 minutes each. The sections were then incubated for 45 minutes at 37°C with Multi-rAb CoraLite® Plus 488 goat antirabbit 
recombinant secondary antibody (H+L) (1:200, RGAR002, Proteintech, Wuhan, China). Finally, the sections were washed 
three times with PBS for 10 minutes each and coverslipped with Fluoroshield containing DAPI (D1306, Invitrogen, USA). 
A confocal microscope (Leica Microsystems, Germany) was used to observe the section. Images were taken from at least 3 
random fields of view in each section and the data were analysed using Image-Pro Plus 6.0.

Gut Microbiota Analysis
Fecal samples were collected and analyzed using 16S rRNA sequencing method. Bacterial DNA was extracted, cloned, 
and sequenced by Novogene Bioinformatics Technology Co. Ltd. (Tianjin, China). Barcoded primers were used along 
with genomic DNA to clone the 16S rDNA V3-V4 region. The gene library was constructed and sequenced according to 
the instructions of Novogene Co, Ltd.

Statistical Analysis
Differences between groups were analyzed using one-way ANOVA followed by Tukey’s post hoc test for multiple 
comparisons (GraphPad Software, San Diego, CA, USA). P < 0.05 was considered statistically significant, and the data 
were presented as the mean ± SEM.

Results
Antioxidant Activity and Compositional Analysis of EBEE
To determine the antioxidant activity of EBE fractions in the LPS-induced inflammation model, ROS levels were 
measured in each group. ROS levels were upregulated in the LPS group, while EBEE treatment most significantly 
downregulated ROS (Figure 1A). Therefore, EBEE was selected for further study, and a comparison was made 
between the components of EBE vs EBEE. The results showed that EBE and EBEE were significantly different in 
flavonoids, phenolic acids, amino acids and derivatives, lipids, etc. (Figure 1B). A total of 1374 components of 
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Figure 1 Antioxidant activity and compositional analysis of EBEE. (A) The levels of ROS in cell model. (B) Cluster heatmap analysis on components of EBE vs EBEE (C) The 
content of EBEE compounds. (D and E) The positive and negative total ion chromatograms of the components of EBEE. Data are presented as mean ± SEM, n = 3. ns. P > 
0.05, ** P < 0.01, *** P < 0.001.
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EBEE were identified using the Metware database, including 21.8% flavonoids, 16.09% phenolic acids, 10.84% 
amino acids and their derivatives, 11.07% lipids, 9.75% alkaloids, 6.81% organic acids, 6.46% terpenoids, 3.63% 
nucleotides and their derivatives, 3.81% lignans and coumarins, 1.15% quinones, 0.52% benzene and its deriva-
tives, 0.23% tannins, and 7.84% others (Figure 1C). The positive and negative total ion chromatograms of the 
components of EBEE were shown in Figure 1D and E.

EBEE Attenuated the Oxidative Stress of ALI in Mice
EBEE treatment significantly ameliorated the pathological lung tissue damage in the mouse model, similar to the DXM 
group (Figure 2A). The pulmonary edema score was significantly increased in the LPS group, while EBEE and DXM 
treatment decreased it (Figure 2B). ROS and MDA, indicators of oxidative stress, were remarkably increased in the LPS 
group, while administration of EBEE and DXM reduced them (Figure 2C and D).

Exploration and Identification of Target Genes Regulated by EBEE in ALI Mice
Forty-nine overlapping genes were screened from ALI-related genes, potential EBEE target genes and DEGs of GSE17355 
(Figure 3A). The most enriched GO terms of overlapping genes were shown in Figure 3B, and the top 20 KEGG pathways of 
overlapping genes were shown in Figure 3C, which included calcium signaling pathway, age-rage signaling pathway and so 
on. Partially overlapping genes were marked in the Calcium signaling pathway (Figure 3D) and the Age-rage signaling 
pathway (Figure 3E) by R. The PPI network of overlapping genes was visualized using Cytoscape software (Figure 3F). 
Based on these analyses, AGER and ITGB2 could be the potential target genes of EBEE protect against ALI.

Figure 2 EBEE attenuated the oxidative stress of ALI in Mice. (A) Representative H&E staining of mouse lung tissue, blue arrows indicate pathological lesions. Scale bars 
were 100μm. (B) The effects of EBEE on the edema score of mouse lung tissue. (C and D) The effects of EBEE on the ROS and MDA levels of mouse plasma. Data are 
presented as mean ± SEM, n = 6. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Validation of Target Genes, Associated Pathways and Antioxidant Activity in the Cell 
Model
Gradient concentrations of EBEE were measured using CCK-8 at different times to examine the effect on cells. 
Subsequently, 100 µg/mL and 25 µg/mL EBEE were used to investigate the effects on the cell model (Figure 4B). 
To verify the target genes and pathways of EBEE against ALI, the levels of related factors were determined in the 
cell model. AGER and NOX4 levels were significantly increased in the LPS group, while EBEE treatment sharply 
decreased them (Figure 4D and E). It has been reported that NOX4, as a member of the NADPH oxidase family of 
enzymes, can produce ROS that can cause oxidative stress,30,31 and excessive ROS would produce MDA.32,33 In 
the LPS group, the levels of ITGB2, P-AKT, NRF2 and HO-1 were significantly down-regulated, whereas 

Figure 3 Exploration and identification of target genes regulated by EBEE in ALI mice. (A) Venn diagram of overlapping genes. (B) The top 30 enriched terms of overlapping 
genes were identified by GO analysis. (C) The top 20 KEGG pathways of overlapping genes. (D) Partially overlapping genes were marked in the Calcium signaling pathway. 
(E) Partially overlapping genes were marked in the Age-rage signaling pathway. (F) PPI network of overlapping genes. The blue and pink nodes represent overlapping genes, 
the edges represent the interactions between them.
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Figure 4 Validation of target genes, associated pathways and antioxidant activity in the cell model. (A) Illustration of the mechanism of action of the EBEE. (B) The effect 
of several concentrations of EBEE on RAW 264.7 viability at different times. (C–J) Western blot analyses of AGER, NOX4, ITGB2, P-AKT, P-GSK3β, NRF2, HO-1 
expression in the cell model. (K-N) The effects of EBEE on ROS, MDA, SOD, and GSH levels in the cell model. Data are presented as mean ± SEM, n = 3. ns P > 0.05, 
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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administration of EBEE up-regulated them all (Figure 4F, G, I and J). HO-1 has been reported to be an antioxidant 
enzyme that resists oxidative stress,34,35 and its upregulation may lead to the disruption of ROS, including lipROS, 
cytoROS, and mtROS homeostasis.36 P-GSK3β, ROS and MDA levels were obviously increased in the LPS group, 
but EBEE treatment decreased them all (Figure 4H, K and L). In addition, the contents of SOD and MDA were 
significantly reduced in the LPS group, administration of EBEE restored them (Figure 4M and N). SOD has been 
reported to be one of the antioxidant enzyme systems,37 and GSH has been reported to be one of the antioxidants 
that protect the mitochondrial system from oxidative damage.38 Taken together, EBEE restrained oxidative stress 
by regulating AGER, ITGB2 and related pathways in the cell model.

EBEE Attenuated Oxidative Stress by Regulating AGER, ITGB2 and Related Pathways 
in ALI Mice
To explore the mechanism of EBEE antioxidation in ALI mice, the target genes and pathway proteins were detected in lung 
tissue. In the LPS group, the expression of AGER, NOX4 and P-GSK3β were significantly up-regulated, whereas EBEE 
administration significantly down-regulated them (Figure 5C, D and H). On the contrary, ITGB2, P-AKT, NRF2 and HO-1 
levels were significantly down-regulated in the LPS group and up-regulated by EBEE treatment (Figure 5E, F, I and J). 
Representative immunofluorescence staining and data of NRF2 in lung tissue as shown in Figure 5G and I. These data 
indicated that EBEE treatment attenuated oxidative stress by regulating AGER, ITGB2 and related pathways in ALI mice.

Figure 5 EBEE attenuated oxidative stress by regulating AGER, ITGB2 and related pathways in ALI mice. (A) The pathways of EBEE regulating oxidative stress in the ALI 
mouse model. (B-F, H, J) Western blot analyses of AGER, NOX4, ITGB2, P-AKT, P-GSK3B, HO-1 expression in the ALI mouse model. (G and I) Representative 
immunofluorescence staining of NRF2 in lung tissues. Scale bars, 10 μm. Data are presented as mean ± SEM, n = 6 (immunofluorescence staining n=3). ns P > 0.05, *P < 0.05, 
**P < 0.01, ***P < 0.001, ****P < 0.0001.
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EBEE Improved Gut Microbiota Composition in ALI Mice
To further investigate the effect of EBEE on the gut microbiota in the ALI mouse model, 16S rDNA from mouse faeces 
was analyzed. The Venn diagram was shown in Figure 6A, which exhibited that there were 206 operational taxonomic 
units (OTUs) for all samples, and the DMSO, LPS, EBEE(600), and EBEE(200) groups had 502, 716, 652, and 1803 
unique OTUs, respectively. The heat map of the gut flora at the class level was shown in Figure 6B. The top 100 species 
of gut bacteria at the genus level were shown in Figure 6C, and the relative abundance of the top 10 microbial flora at the 
class level was shown in Figure 6D. The Shannon index showed that the value of the LPS group increased, while the 
administration of EBEE (600) decreased it (Figure 6E). By consuming EBEE (200), probiotics in the intestine of mice, 
such as Chthoniobacteraceae, were significantly higher than those in the Model group, while pernicious bacteria, such as 
Staphylococcaceae, were significantly lower than those in the Model group (Figure 6F and G). In conclusion, EBEE 
treatment ameliorated the intestinal microbiota composition in ALI mice.

Discussion
Natural compounds and the whole method of Traditional Chinese Medicine, rooted in 3500 years of history, complement 
each other.39 Natural products are characterized by diversity, structural complexity and historical therapeutic significance, 
with considerable biological activity and functional properties.40 Therefore, reports of various natural product properties 
such as antioxidant,41,42 anti-inflammatory,43–45 anti-fatigue46 and anti-tumor47 have become more frequent in recent 
years. It has become a trend to find pharmaceuticals from natural products that can resist some certain diseases. Due to 
the severity of the damage caused by ALI and the fact that ALI treatment is not very effective, it remains difficult to find 
an effective pharmacological treatment that significantly reduces mortality from ALI.48 In particular, dexamethasone, 

Figure 6 EBEE improved gut microbiota composition in ALI mice. (A) Venn diagram of OTUs in each group. (B) The heat map of the gut microbiota at the class level. (C) 
Relative abundance of gut microbiota at the genus level. (D) Relative abundance of gut microbiota the at the class level. (E) Differential analysis of Shannon indices. (F) 
Chthoniobacteraceae relative abundance. (G) Staphylococcaceae relative abundance, n = 3.
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a commonly used clinical drug for ALI, may have some side effects.20 Therefore, there is a need for the discovery of 
a natural product drug that can be effective against ALI.

We had found that EBEE had the best antioxidant activity in the EBE fractions through experiments in vitro. 
Component analysis showed that the flavonoid content of EBEE was the highest, and according to existing reports, 
natural flavonoids in vegetables, fruits and herbs have antioxidant and anti-inflammatory properties.49,50 EBEE contains 
a large number of flavonoid compounds, providing a good explanation for EBEE’s antioxidant activity; however, the 
specific functional components and mechanisms is needed further research. ROS are thought to induce oxidative stress 
and have always been an indicator of oxidative stress.51 In the mouse model, EBEE treatment significantly reduced ROS 
and MDA levels and ameliorated the pathological lung tissue damage. However, the mechanism of EBEE on antioxidant 
activity in the ALI mouse model needs to be further investigated.

We then used bioinformatics analysis to explore and identify the target genes and associated pathways, using several 
databases and software such as Swiss Target Prediction, DisGeNET, GO, KEGG, STRING and Cytoscape. After 
considering these analyses, we identified AGER and ITGB2 as potential target genes that are regulated by EBEE in 
the ALI mouse. AGER has been reported to be associated with lung injury and inflammatory diseases,52 and ITGB2 has 
also been found as a potential therapeutic target for inflammatory bowel disease.53 Subsequently, we verified that EBEE 
treatment restrained oxidative stress by regulating AGER, ITGB2 and related pathways in vitro and in vivo. The roles of 
AGER in many inflammatory diseases such as diabetes are mainly due to the accumulation of advanced glycosylation 
end products in pathological states, which results in the continuous overexpression of AGER.54 AGER can specifically 
identify and interacts with advanced glycation end products (AGEs), other endogenous ligands and epigenetic 
mediators.55 ITGB2 could act as a central hub gene associated inflammation, it is often closely related to the infiltration 
of various immune cells and high expression of ITGB2 is accompanied by immune activation.56 As a result of our study, 
EBEE treatment downregulated the expression of AGER and upregulated the expression of ITGB2. However, the current 
study had some limitations. The specific effect and mechanism of EBEE affects target genes AGER and ITGB2 have yet 
to plumb the depths of this issue at this time. More research is necessary to further determine which chemical compounds 
of EBEE can improve the ALI by regulation of AGER and ITGB2.

Afterwards, we investigated the effect of EBEE on the gut microbiota in the ALI mouse model. EBEE treatment 
improved gut microbiota composition at the class and genus levels in ALI mice. A probiotic, Chthoniobacteraceae, was 
significantly increased, while the harmful bacteria, Staphylococcaceae, was significantly decreased after consumption of 
EBEE in the ALI mouse model. Chthoniobacteraceae has been explained to be related to algae growth.57 Several species of 
Staphylococcaceae are pathogenic, eg Staphylococcus aureus is usually associated with wound and surgical infections, 
pyoderma and otitis, while Staphylococcus pseudintermedius is an opportunistic pathogen.58 These experiments confirmed 
that EBEE ameliorated gut microbiota composition in ALI mice. EBEE contained numerous active compounds that 
attenuated the oxidative stress of ALI by regulating potential targets and related signaling pathways, and it’s a deeper 
discovery based on our previous research. However, further research is needed to fully understand the role of these 
mechanistic pathways in the treatment of ALI and to identify potential targets to prevent ALI progression.

Conclusions
In conclusion, we found that EBEE had the best antioxidant activity, EBEE attenuated oxidative stress by regulating 
AGER and ITGB2 pathways, and EBEE improved gut microbiota composition in ALI mice. This study provides a new 
idea for the treatment of ALI through pharmaceutical and food homology based on natural products.
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