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Background

Pogostemon cablin is a traditional Chinese medicine (TCM) that is frequently used to treat various gastrointestinal diseases. Patchouli alcohol (PA), a compound extracted from the Pogostemon cablin, has been shown to have anti-tumor efficacy in human colorectal cancer. However, the mechanism of PA’s anticancer effect on gastric cancer (GC) remains unknown.



Methods

We used the public database to obtain the potential targets of PA and genes related to GC. Bioinformatic analyses, such as the Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene Ontology (GO), and protein-protein interactions (PPI), were used for analyzing the potential signal pathways and targets. Cell experiments were also conducted to further explain the impact and molecular mechanism of PA on GC, as well as to confirm the findings of network pharmacology.



Results

Using network pharmacological analysis, 161 possible targets were identified for the treatment of GC. Network analysis and functional enrichment analysis show that PA produced a marked effect in the treatment of GC through multi-targets and multi-pathways, especially the MAPK and PI3K/AKT signal pathways. In addition, PA showed the inhibition of GC cell proliferation, migration and invasion in cell experiments. According to our findings, PA could also cause G0/G1 phase arrest and apoptosis in GC cells.



Conclusion

Using network pharmacology, we aim to uncover the possible molecular mechanism of PA on GC treatment in this research. Cell experiments were also conducted to confirm the therapeutic effect of PA on GC.
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1 Introduction

Gastric cancer (GC) is the world’s fifth most common cancer and the third leading cause of deaths related to cancer (1). Patients with early GC are generally asymptomatic and most of them are diagnosed in the late stage (2). Although surgery, chemotherapy, radiotherapy, and targeted drugs have made great progress in the treatment of GC, the rate of mortality in GC patients is still high due to tumor recurrence and metastasis. The 5-year survival rate of GC has been reported to be less than 20% (3). Therefore, it is necessary to explore new strategies for GC treatment.

Traditional Chinese medicines (TCM) have gotten a lot of recognition as a vital part of complementary and alternative medicine, and they played an important role in cancer prevention and treatment (4). Pogostemonis Herba, a dried aerial part from Pogostemon cablin (Blanco) Benth (Labiatae), has traditionally been used to treat gastrointestinal diseases. Patchouli alcohol (PA) is a tricyclic sesquiterpene isolated from the Pogostemon cablin plant that has a variety of therapeutic activities such as anti-inflammation (5), anti-gastro ulcerogenic (6), antimicrobial (7), protection against the intestinal epithelial cells fluidity (8), and so on. It is reported that PA has protective effects on oxidative stress, apoptosis, and inflammation of human gastric epithelial cells induced by Helicobacter pylori (9). Since inflammation is linked to the development of GC, it’s reasonable to believe that PA could have anticancer properties in this disease.

PA’s anticancer activity and potential mechanism have recently been demonstrated in some studies. PA prevented the growth and caused concentration-dependently apoptosis in human colorectal cancer cells (SW480 and HCT116) (9). In addition, PA has been shown to inhibit the HeLa cells proliferation in vitro (10). PA can also inhibit the A549 cell’s growth both in vivo and in vitro, as well as induce apoptosis and stop cell cycle progression (11). The anticancer effect of PA on human GC, on the other hand, has not been documented.

Therefore, in this study, the network pharmacology method was used to analyze PA, construct a PPI network of PA against GC, and mine the dominating biological functions and signaling pathways. Finally, the effects and enriched key signaling pathway were verified by in vitro cell experiments, which provide new reference information for the development and application of PA. Although all the results of this study have proved the anti-cancer effect of PA on GC, the limitation of our study is that the molecular mechanism of this study was simple, only a series of assays in vitro were carried. In future, more in vivo experiments are needed to support our findings, and future studies should focus on providing experimental evidence and expanding the role of PA in GC.



2 Materials and Methods


2.1 Network Pharmacology


2.1.1 Access to Disease Genes and Drugs Targets

The 2D and 3D structures (Figures 1A, B) of PA were obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov/), and the files of 3D structures were uploaded to PharmMapper (http://www.lilab-ecust.cn/pharmmapper/), according to the parameters set in the literature: generate conformation: yes; maximum generated conformation: 300; selected target set: only human protein target (v2010, 2241); reserved number of matching targets: 300. Then, the GC-related targets were obtained from GeneCards (https://www.genecards.org/) and the Online Mendelian Inheritance in Man (OMIM) database (http://omim.org/). Finally, we used the “VennDiagram” software package of R software to identify common targets from PA potential targets and GC targets and draw Venn diagram (Figure 2A).




Figure 1 | (A) 2D structure of PA. (B) 3D structure of PA.






Figure 2 | (A) Venn diagram. The green represents the GC targets, the red represents PA targets, and the shaded part represents the intersection targets of PA and GC. (B) Target proteins interaction network. The nodes in the network represent proteins, the lines show the protein’s functional associations, and the thickness of lines corresponds to the observed association’s confidence level.





2.1.2 Protein-Protein Interaction Network

To obtain the Drug-Disease Interaction Network (PPI), the common targets were imported into the STRING database (https://string-db.org). The parameters were set as following: species: “Homo sapiens”, the highest confidence: “scoring value > 0.9”, “hide network disconnected nodes”, and output files in TSV format. Then, the TSV file was imported into the Cytoscape 3.7.0 and the PPI network was arranged according to the degree value. Different colors and sizes of the circle represent degrees. The closer to the center, the darker the color, the higher the degree.



2.1.3 Gene Function and KEGG Enrichment Analysis

The Bioconductor software package “org.hs.eg.db” was installed in R software and ran it to convert the drug-disease common target”. The common target was then converted into the entrez ID. Then, the “clusterProfiler” package was installed in R software, and enrichment analyses of GO (12) and KEGG (13) about the key target genes with P<0.05 and Q<0.05 according to the converted “entrezID”. The results were output in the form of a bar chart. In addition, the annotation of the target was obtained by KEGG enrichment analysis, and it was visualized by Cytoscape 3.7.0.




2.2 Experimental Analysis


2.2.1 Cell Culture

The Cell Bank of the Chinese Academy of Sciences, Shanghai Institute of Cell Biology (Shanghai, China), provided the GC cell lines NCI-N87 and HGC-27. The cells were grown in RPMI-1640 medium with foetal bovine serum (10%, FBS) (HyClone, China) and a mixture of 1% antibiotics (streptomycin 100 μg/mL, penicillin 100U/mL) in an incubator containing 5% CO2 at 37°C.



2.2.2 MTT Assay

NCI-N87 and HGC-27 cells were digested with trypsin to make single-cell suspension followed by their seeding in a 96-well plate at 5 × 104 cells/well. GC cells were incubated with different concentrations of PA (0 μ M, 0.5 μ M, 1 μ M, 2 μ M) in a constant temperature incubator at 37°C for 24 h, 48 h and 72 h, respectively. After the end of the culture, 20 μ L MTT (5mg/mL) was added to each well for 2 hours. The blank control hole was adjusted to zero, and the OD value was determined at 490 nm by enzyme labeling instrument.



2.2.3 Investigation of Apoptosis and Cell Cycle Through Flow Cytometry

HGC-27 and NCI-N87 GC cells were inoculated into a 6-well plate and were subjected to treatment with PA (1 μ M). PA (0 μ M) was used as the control group. The cells of each group were collected after 48 hours of corresponding treatment, washed, and centrifuged. According to the production instructions of AnnexinV/PI apoptosis kit, 500 μL buffer solution was added to resuscitate the cells, and then 5 μL of each PI and Annexin V-FITC were added and left for 15 min at room temperature. Flow cytometry was used to detect apoptosis.

The cells of each group after corresponding treatment for 48 hours were collected again, washed twice with pre-cooled PBS washing solution, and fixed with 70% cold ethanol for overnight use. This was followed by the addition of RNase A of 50 mg/mL and PI of 50 mg/mL and left for incubation at 37°C for 30 min. The cell cycle was subsequently investigated by Flow cytometry.



2.2.4 Wound Healing Assay

A wound healing assay was used for performing the cell migration assay. HGC-27 and NCI-N87 GC cells were inoculated into 6-well plates. After the cells were completely fused, the monolayer was scratched with the pipette tip of 10 μ L straw and washed with PBS to remove cell fragments. Then treated with different concentrations (0 μ M, 1 μ M) of PA for 48h. The scratches were imaged with a 10-fold objective lens at 0 and 48 hours after the scratch. The cell migration rate and the distance between the healed wound and the original wound were calculated.



2.2.5 Transwell Assay

NCI-N87 and HGC-27 cells were inoculated in 24-well plates and incubated overnight in the incubator. Then, different concentrations of PA (0 μ M, 1 μ M) were added according to the experimental groups. Trypsin was used for the digestion of cells in each group and the cell suspensions were prepared with a concentration of 103 cells/ml. The upper chamber of a Transwell coated with Matrigel was filled with cell suspension (100 μL), while the lower chamber was filled with DMEM culture medium containing 10% foetal bovine serum. Cells were washed three times in PBS after 48 hours of culture in the incubator, and the cells in the chamber were carefully wiped with cotton swabs. This was followed by their fixation and staining with paraformaldehyde (4%) and crystal violet (0.1%), respectively. There were 3 multiple holes in each group, and 5 high-power lens visual fields were randomly taken under an inverted microscope for each hole. The number of transmembrane cells was counted. The experiment was repeated 3 times.



2.2.6 Western Blotting

The cells were lysed with RIPA lysate and centrifuged after being treated with different PA concentrations (0 μM, 1 μM) for 48 hours. The concentration of protein in the supernatant was measured using a BCA kit. The separation of the total proteins from 40 μg samples was carried out with SDS-PAGE electrophoresis. The separated proteins were then electroporated onto PVDF membranes. Then, the PVDF membrane was sealed with TBS solution containing 5%BSA for 1 hour, and incubated with the appropriate primary antibody solution including PCNA, CyclinD1, Bcl-2, Bax, caspase3, MMP2, MMP9, PI3K, p-PI3K, AKT, p-AKT, ERK, p-ERK, P38, p-P38, JNK, p-JNK, β-actin (diluted at 1: 1,000) overnight at 4°C. The membrane was washed three times with TBST the next day, each time for five minutes, and then the second antibody was added to incubate for 2 hours at room temperature. The membrane was again subjected to washing with TBST, colored and exposed by ECL, developed, fixed, photographed, and analyzed.




2.3 Statistical Analysis

The data between groups were analyzed using one-way ANOVA (GraphPadPrism 7 software). For the data between the two groups, we performed the Student’s t-test. These results were presented as the mean ± standard error of the mean (SEM) for the treated experimental and control groups. P-values < 0.05 were regarded as statistically significant.




3 Results


3.1 Targets Fishing

We obtained the 2D and 3D structures of PA from PubChem database (Figures 1A, B). Then we predicted potential binding genes of PA using the PharmMapper platform. Finally, 180 genes were predicted to be PA-binding genes. Afterwards, from OMIM and GeneCards database, there were 11,524 GC-related target genes. Finally, we executed the venny.R command and extracted 161 common targets from the two documents, the green represents the GC targets, the red represents PA targets, and the overlap region represents the intersection targets of PA and GC (Figure 2A).



3.2 PPI Network Analysis

The interaction network had 161 nodes and 168 edges (Figure 2B). The TSV data were imported into Cytoscape, the results show that there are 129 nodes and 425 edges, and the PPI value < 1.0e-16. In this network, proteins are represented as nodes with different colors, and the lines connecting the nodes represent functional associations between proteins. Line thickness indicates the strength of confidence in the reported association. For a node, the number of connections of the node is the degree of the node. The higher the degree, the more the gene is in a position in the regulatory network, indicating that it is a hub gene. The top ten hub genes were MAPK, PIK3R1, SRC, RXRA, MAPK14, GRB2, MAPK8, LCK, HSP90AA1, PTPN11 (Figure 3).




Figure 3 | The hub genes of PPI network. Higher degrees indicated larger node sizes, and blue indicates higher degree, and orange represents the lowest degree.





3.3 GO and KEGG Enrichment Analysis

Functional enrichment analysis for the target genes was used for further investigating the PA mechanism on GC. The GO functional enrichment results (Figure 4A) showed that PA was related to nuclear transcription factor complex, RNA polymerase II transcription factor complex, vesicle lumen, and transcription factor complex. Moreover, PA may play a regulatory role in transcription factor activity, steroid hormone receptor activity, direct ligand regulated sequence-specific DNA binding, nuclear receptor activity, and monocarboxylic acid-binding. PA may also participate in cells’ responses to steroid hormone stimulus, a steroid hormone, pathway of intracellular receptor signaling, and steroid hormone-mediated signaling pathway. The findings of the KEGG pathway analysis (Figure 4B) revealed that PA might regulate GC progression through multiple pathways related to cancer, including Ras signaling pathway, PI3K-Akt signaling pathway, Th17 cell differentiation, and Proteoglycans in cancer. The PI3K-Akt signaling pathway was the most common among them. To elucidate the mechanism responsible for PA effects on GS in detail, the construction of a target pathway network was carried out on the basis of the top 20 significant signaling pathways and the genes related to these pathways (Figure 5). The constructed network was demonstrated to consist of 99 nodes (79 genes and 20 pathways). Among these pathways, MAPK signaling and PI3K/AKT signaling pathways were the pathways with the highest enrichment degree.




Figure 4 | (A) GO enrichment analysis. The longer the bar chart is, the higher the enrichment degree of each biological process, biological processes are represented by blue, cellular components are represented by light blue, and molecular function is represented by orange. (B) KEGG enrichment analysis. The larger the bar plot diagram, the higher the enrichment degree of each KEGG pathway and the color of the bar plot map represents the gene enrichment of each KEGG pathway.






Figure 5 | Target-Pathway Network. The target nodes are represented by the blue ellipse nodes. The corresponding pathways are represented by the red diamond nodes.





3.4 Experimental Validation


3.4.1 PA Inhibited the GC Cells Proliferation

To confirm PA’s anti-tumor effect on GC, we conducted cell experiments. MTT assay was used for detecting the effect of PA on GC cell proliferation. HGC-27 and NCI-N87 cells were subjected to treatment with different PA concentrations for 24 h, 48 h, and 72 h, respectively (p<0.05). The cell inhibition rate increased in a time- and concentration-dependent manner, according to our findings (Figure 6). Furthermore, the PA treatment group’s cell inhibition rate was significantly higher than the control group (p<0.05). These findings indicate that PA was prevent GC cells from proliferating.




Figure 6 | The PA effect on proliferation of cells. (A) HGC-27 and (B) NCI-N87 cells were treated with various concentrations of PA in a 0-2 µM range for 24 h, 48 h, and 72 h. MTT assay was used for measuring cell viability. (****P < 0.0001).





3.4.2 PA Induced Apoptosis in GC Cells

We hypothesized that PA caused the inhibition of GC cell proliferation by promoting apoptosis or regulating cell cycle progression. These findings indicate that 1 μM PA effectively prevents GC cells from proliferating. Therefore, a dose of 1 μM was used in subsequent experiments. Flow cytometry was used for detecting the effect of PA on apoptosis in NCI-N87 and HGC-27 cells. The proportion of these cells that went through apoptosis increased significantly after PA treatment as shown by these findings (Figure 7A) (p<0.05). Then, to elucidate the molecular mechanism of GC cell apoptosis induced by PA, we measured the expression of apoptosis-related proteins in GC cells treated with PA for 48 h. The Bcl-2 levels in the PA-treated group were lower than those in the control group (p<0.05), according to the findings. The expression of Bax and Caspase-3 was significantly higher in the PA-treated group than in the control group (Figure 7B) (p<0.05). We can infer that PA can effectively cause the induction of GC cell apoptosis.




Figure 7 | PA induces cell apoptosis. Flow cytometry analysis (A-i) of NCI-N87 and HGC-27 cells. After PA treatment, there was a significant increase in the overall rate of apoptosis (A-ii). HGC-27 (B-i, B-ii) and NCI-N87 (B-iii, B-iv) after being treated with PA for 24 h, the cells were blotted with Caspase-3, Bax, and Bcl2 antibodies. ****P < 0.0001, **P < 0.01. The results were presented as the mean ± SEM of three separate experiments.





3.4.3 PA Induces Cell Cycle Arrest at G0/G1

Flow cytometry was used to detect the influence of PA on the cell cycle distribution of NCI-N87 and HGC-27. The proportion of G0/G1 phase cells in NCI-N87 and HGC-27 cells increased while the proportion of S phase cells decreased in the PA treated group (Figure 8A) (p<0.05). In addition, after 48 h of PA treatment, we used Western blot to detect changes in related protein expression. The results showed that in the PA-treated population, the levels of PCNA and CyclinD1 expression were significantly reduced, while the expression of p21 was significantly increased (Figure 8B) (p<0.05). We may deduce that PA causes cell cycle arrest in the G0/G1 phase, which has an effect on GC cell proliferation.




Figure 8 | Cell cycle analysis revealed that PA arrested cell growth at the G0/G1 phase. HGC-27(A-i) and NCI-N87 (A-iii) cells were incubated with a specific dose of PA for 48 h, stained with Propidium iodide, and DNA content of HGC-27 (A-ii) and NCI-N87 (A-iv) cells was detected via flow cytometry. HGC-27 (B-i, B-ii) and NCI-N87 (B-iii, B-iv) PA-treated cells were blotted with PCNA, p21, and CyclinD1 antibodies after a 24-hour treatment period. (****P < 0.0001, ***P < 0.001, **P < 0.01).





3.4.4 PA Inhibits GC Cells Invasion and Migration

Transwell and wound healing experiments were used to investigate PA’s ability to migrate and invade GC cells. Unlike the control group, cell migration was significantly reduced in the PA-treated group, as shown in Figures 9A, B. Transwell invasion analysis revealed that the PA treatment group’s invasive ability was lower than the control group (Figures 9C, D) (p<0.05). In addition, we also used Western blot for investigating the expression of related proteins after 48h of treatment with PA. Our findings revealed that the levels of MMP2 and MMP9 in the PA group were found to be significantly lower (Figures 9E–H) (p<0.05). We infer that PA can inhibit the GC cell’s invasion and migration.




Figure 9 | Migration and invasion of HGC-27 and NCI-N87 cells were inhibited by PA. (A, B) To assess the PA effects on cell invasion, a transwell assay was used. (C, D) Effects of PA on the migration of NCI-N87 and HGC-27 cells via wound healing assay. Western blot analysis of MMP2 and MMP9 in HGC-27 (E, F) and NCI-N87 (G, H) cells. (****P < 0.0001, ***P < 0.001).





3.4.5 Pharmacological Authentication of Pathway Enrichment

The network pharmacological findings indicate that the PI3K/AKT and MAPK signal pathways are likely to be linked to PA’s anticancer system, which regulates GC cell survival and proliferation. As a result, we used Western blot to detect the expression levels of PI3K, AKT, ERK, P38, JNK, and their phosphorylated products. PA significantly inhibited the phosphorylation levels of PI3K, AKT, ERK, P38, and JNK in NCI-N87 and HGC-27 cells as depicted in Figures 10 and 11. To summarize, PA’s effect on GC cells may be mediated by the PI3K/AKT and MAPK signaling pathways.




Figure 10 | Effects of PA on the expression of proteins related to PI3K/AKT pathway in HGC-27 (A, C) and NCI-N87 (B, D) cells. (****P < 0.0001, **P < 0.01, *P < 0.05).






Figure 11 | Effects of PA on the expression of proteins related to MAPK pathway in HGC-27 (A, C) and NCI-N87 (B, D) cells. (****P < 0.0001, **P < 0.01).







4 Discussion

The clinical application of TCM in China has a history of thousands of years. Most recently, TCM has attracted wide attention for possible use in the treatment of many diseases, including cancer. Studies have increasingly shown that some TCM remedies, including Chinese herbal medicine extracts, single TCM, and TCM formulations, may have anticancer effects (14–16). TCM has the features of multi-target, multi-pathway, and multi-action mechanisms, and its mechanism is difficult to clarify. However, in recent years, the network pharmacology produced by the combination of bioinformatics and pharmacology can clarify the mechanism of action of these herbs (17, 18). Therefore, we use the network pharmacology method for elucidating the PA mechanism in GC treatment. The in vitro experiments were used to further authenticate the potential mechanism of PA against GC.

In this study, PA was taken as the research object to study the mechanism of PA on GC from the point of view of network pharmacology. We sort out information from public databases for predicting the interaction between PA and its possible targets in GC. The network analysis through related software shows that PA could play a vital against GC via PI3K-AKT and MAPK signal pathways. In order to further verify this prediction, the therapeutic effects of PA on two kinds of GC cells were studied in vitro. The findings indicated that PA significantly inhibited the GC cell proliferation, and induced migration, apoptosis, and invasive activity in a dose-dependent manner.

Cell proliferation and cell cycle events are closely linked (19). Proliferating cell nuclear antigen (PCNA) has long been thought to be a strong indicator of cancer cell proliferation (20). The cyclin-dependent kinase activity is inhibited by p21, this, in turn, prevents cell cycle progression (21, 22). CyclinD1 has a positive regulatory effect on the cell cycle, and its overexpression can shorten the G1 phase of cells and lead to cell over-proliferation. Thus, it promotes the occurrence and development of tumors (23). Our study showed that the ratio of G0/G1 phase GC cells increased after PA treatment, while the ratio of G2/M phase and S phase cells decreased. Protein analysis indicated that the CyclinD1 and PCNA expression was down-regulated and the p21 expression was up-regulated. These results indicated that PA blocks the cell cycle of GC cells in the GO/G1 phase, thus inhibiting the proliferation of GC cells.

Apoptosis or programmed cell death is known to be related to various biological processes related to tumorigenesis (24). Apoptosis is triggered by different signal pathways, mainly the death receptor pathway and mitochondrial pathway (25). The apoptosis function of mitochondria is regulated by apoptosis regulatory proteins of the Bcl-2 family. Cell death and survival are determined by the levels of anti-apoptotic and pro-apoptotic proteins of the Bcl-2 family (26). As anti-apoptotic genes and pro-apoptotic genes, Bax and Bcl-2 are considered critical for apoptosis regulation (27). In addition, Bax forms apoptotic bodies, and when the expression level of caspase-3 is increased, caspase-3 is activated to induce apoptosis (28). After treatment with PA, apoptosis of HGC-27 and NCI-N87 cells was obviously induced. At the same time, the caspase-3 and Bax expression were significantly up-regulated, while the Bcl-2 expression was inhibited in the PA group. These results indicated that PA may play a tumor inhibitory role in the growth of GC cells.

Metastasis and invasion are the key steps in the occurrence and development of tumors. For patients with GC, cancer metastasis is often the principal cause of disease deterioration and death (29, 30). It has been confirmed that the expression levels of MMP-9 and MMP-2 in GC, especially in metastatic tumors, are noticeably higher than those in normal gastric mucosa (31, 32). In this study, the experiments of cell scratch and Transwell suggest that PA inhibited the migration and invasion of GC cells. More importantly, after PA treatment, the expression of MMP2 and MMP9 was down-regulated. We further proved that PA has the potential to inhibit the GC cell’s invasion and migration.

The proliferation and growth of tumors depend on the regulation and activation of many signal pathways. It is reported that the signaling pathway of PI3K/AKT is among the signal transduction pathways that frequently get activated in tumors, and participates in cell proliferation, cell cycle, migration, growth, apoptosis, and angiogenesis (33). In this study, the western blot indicated that the expression of p-Akt and p-PI3K decreased in a dose-dependent manner. The results mentioned above showed that the phosphorylation levels of PI3K and Akt proteins decreased in the cells treated with PA, which confirmed that PA inhibited the activity of the PI3K/Akt signal pathway via blocking the phosphorylation of Akt and PI3K proteins. Furthermore, the MAPK pathway plays a central role in tumorigenesis by promoting tumorigenesis and development (34). The MAPK signaling pathway, which is divided into JNK, p38, and ERKMAPKs, is also involved in the survival, proliferation, and apoptosis of cells (35). Therefore, we are interested in exploring whether PA has a protective effect on GC. The results indicated that the phosphorylation of JNK, p38, and ERK in the PA treatment group was considerably lower as compared to the control group. Our study shows that PA is an effective inhibitor of MAPK in GC cells.

This study explained the potential mechanism of PA on GC. However, the limitation of the current study was that we did not verify the mechanisms by which PA inhibited GC in vivo. Further studies using animal models are needed to investigate the effects of PA on GC progression. In future, more experiments are needed to provide support for our findings, and provide a theoretical basis for the development of new drugs.



5 Conclusions

In conclusion, our study investigated the possible mechanism of PA inhibiting GC through network pharmacology and experimental results. The findings suggest that can inhibit GC cell proliferation, induce apoptosis, and damage GC cell invasion and migration via regulations of the MAPK and PI3K-AKT signal pathways. The results of the combination of network pharmacology and experimental findings may provide an effective tool for exploring the action mechanism of traditional Chinese medicine.
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