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Parkinson’s disease (PD) is the second most common neurodegenerative disease. Tianqi Pingchan Granule (TPG) is a clinically effective formula of traditional Chinese medicine to treat PD. However, the therapeutic effect and underlying mechanisms of TPG in PD remain unclear. Based on network pharmacology, the corresponding targets of TPG were identified using the Traditional Chinese Medicine Database and Analysis Platform Database. Differentially expressed genes in PD were obtained from the Therapeutic Target Database, Online Mendelian Inheritance in Man, GeneCards, and DrugBank databases. The protein-protein interaction (PPI) networks of intersected targets were constructed using the STRING database and visualized using Cytoscape. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed, and the pathways directly related to the pathogenesis of PD were integrated manually. Furthermore, in vivo studies were carried out based on network pharmacology. The gut microbiota, peripheral inflammatory cytokines, and glia-mediated neuroinflammation in substantia nigra were evaluated. A total of 99 target genes were intersected between targets of TPG and deferentially expressed genes in PD. The PPI network analysis indicated the proinflammatory cytokine as essential targets. GO and KEGG analyses indicated that inflammatory response and its related signaling pathways were closely associated with TPG-mediated PD treatment. In vivo studies revealed that class Negativicutes and order Selenomonadales decreased, whereas class Mollicutes, order Enterobacteriales, and Mycoplasmatales increased in fecal samples of PD rats via 16S rRNA sequence analysis. Furthermore, the function prediction methods purposely revealed that TPG therapy may be involved in flavonoid biosynthesis, which have anti-inflammatory properties. In addition, in vivo studies revealed that TPG exposure was found to not only attenuate the production of peripheral inflammatory cytokines but also inhibit the activation of microglia and astrocytes in substantia nigra of PD rats. Through network pharmacology and in vivo experiment-combined approach, the mechanisms of TPG in the treatment of PD were revealed, and the role of TPG in the regulation of gut microbiota and inflammatory response was confirmed.
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INTRODUCTION

Parkinson’s disease (PD) is one of the most common neurodegenerative disorders commonly seen among the elderly (1). PD is characterized by both motor and non-motor symptoms, including bradykinesia, resting tremor, rigidity, and gastrointestinal dysfunctions, such as constipation (2).

Current therapies for PD selectively modulate established targets, such as levodopa and dopamine agonists, have declined efficacy after long-term use (3). The old concept of developing selective agents for a single target does not fit with the medical need of most neurological diseases (4). Thus, there exists an urgent unmet need to develop multitarget drugs that have advantages of higher efficacy, improved safety profile, and simpler administration. As conventionally medical therapy is of limited relief and potential side effects, traditional Chinese medicine (TCM) has attracted growing public and professional attention in clinical PD management (5) due to the advantages of multicomponent, multipathway, and multitarget synergies.

Tianqi Pingchan Granule (TPG) is a clinically effective formula of TCM that has been used in our hospital for the management of PD. TPG is modified based on classic TCM prescriptions “Mi Fang Ding Zhen Wan” compiled by Kentang Wang of the Ming Dynasty (6), which is a safe, reliable, and effective method to alleviate motor symptoms of PD. Early clinical studies in our hospital showed that TPG has a significant therapeutic effect on constipation and motor complication of patients with PD, such as L-dopa-induced dyskinesia, and is safe for consumption. However, the underlying molecular mechanisms of TPG in treating PD remain unclear and warrant further investigation. However, the precise protective role and mechanism of TPG against PD remain unclear.

Network pharmacology offers an ideal opportunity to understand the complex multiple-component drug system of TCM and the mechanisms through which TCM functions in vivo (7). Therefore, in this study a network pharmacological approach was used to investigate the pharmacological network of TPG on PD to predict the active compounds and potential targets and pathways. In addition, in vivo experiments were also conducted to validate the potential underlying mechanism of TPG on PD as predicted by the network pharmacology approach. The detailed technical strategy of this study is shown in Figure 1.
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FIGURE 1. The technical strategy of this study.




MATERIALS AND METHODS


Network Pharmacology Analysis of Tianqi Pingchan Granule


Compound Profiling and Disease Target Identification

The pharmacological information of TPG was retrieved from the Traditional Chinese Medicine Database and Analysis Platform (TCMSP)1 (8). The components of each herb with a drug-likeness (DL) ≥ 0.18 and an oral bioavailability (OB) ≥ 30% (9, 10) were selected as bioactive ingredients while their target genes, as cataloged in the databases, were identified as TPG targets. Then, the target corresponding to the compounds screened from the TCMSP database was standardized in UniProt.2 Furthermore, to identify targets of TPGs, a compound–target network was established via Cytoscape version (ver.) 3.8.0 (11).

Disease-related genes were obtained from the Therapeutic Target Database (TTD)3 (12), Online Mendelian Inheritance in Man (OMIM)4 (13), GeneCards5 (14), and DrugBank6 (15) and combined into a list of PD-related genes.



Network Establishment

Subsequently, the effect of TPG on PD was further analyzed by making Venn maps of 235 TPG predicted targets and 767 PD-related genes obtained using the above methods. The intersection was determined using Venny ver. 2.17 to obtain the therapeutic targets of TPG for PD. The data were then exported to the Cytoscape ver. 3.8.0 to construct a ‘‘Drug-Target-Disease’’ network. The STRING ver. 11.0b database8 was used to generate a protein–protein interaction (PPI) network (16). We selected PPI data for “Homo sapiens” with a confidence score ≥0.4 to construct the PPI network, and Textmining, Experiments, Databases, Co-expression, Neighborhood, Gene Fusion, and Co-occurrence were selected to analyze the PD -related targets in TPG interaction. The network was treated as undirected to identify the core candidate targets of TPG against PD. We set the topological parameter medians of degree (DC), betweenness (BC), closeness (CC), eigenvector (EC), local average connectivity-based method (LAC), and network (NC) as screen parameters to construct core PPI network.



Pathway and Functional Enrichment Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of TPG’s core potential therapeutic targets were performed using metascape.9 The bubble chart was plotted with R ver. 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria)10 and the ggplot2 package.




Experimental Validation


Materials and Reagents

Tianqi Pingchan Granule is one of the TCM composed of six kinds of plant-derived medicines, such as Astragalus mongholicus Bunge [Fabaceae] (HQ), Rehmannia glutinosa (Gaertn.) DC. [Orobanchaceae] (SD), Paeonia lactiflora Pall. [Paeoniaceae] (BS), Angelica sinensis (Oliv.) Diels [Apiaceae] (DG), Uncaria rhynchophylla (Miq.) Miq. [Rubiaceae] (GT), and Gastrodia elata Blume [Orchidaceae] (TM), and one kind of animal-derived medicine, such as Bombyx batryticatus [Bombycidae] (JC), the dried larva of Bombyx mori L. (4th–5th instars) infected with Beauveria bassiana Vuill. These seven medicines were used to synthesize TPG in Sichuan New GreenMedicine Science and Technology Development Co., Ltd., (Chendu, China) under the guidance of the Chinese Pharmacopeia 2020 edition. HQ was picked from China’s Gansu province in spring and autumn. SD was picked from China’s Henan province in autumn. BS was picked from China’s Anhui province in summer and autumn. DG was picked from China’s Gansu province in late autumn. GT was picked from China’s Jiangxi province in spring and autumn. TM was picked from China’s Anhui province during the period from the beginning of winter to the next year before Qingming Festival. JC was collected from China’s Zhejiang province in autumn and winter. TPG was dissolved in pure water and injected into intragastric. The doses of TPG in our animal studies were selected based on our previous clinical study, and dose ranges were therapeutically relevant.

6-Hydroxydopamine (6-OHDA), apomorphine, L-dopa, and benserazide were obtained from Sigma Chemical Co., (St. Louis, MO, United States).



Animals and Establishment of Parkinson’s Disease Model

Adult male Sprague-Dawley rats weighing 200–250 g were used, and all rats were kept under standard laboratory conditions as previously described (17). The protocols of this study were reviewed and approved by the Ethical Committee of the Medical School of Shanghai Jiao Tong University (the ethical clearance number: XHEC-NSFC-2019-210). The methods were carried out in compliance with the approved guidelines and regulations of the National Institutes of Health for the care and use of laboratory animals.

To establish a rat model of PD, 6-OHDA was injected into the right middle forebrain bundle of each rat. Animal surgical procedures were performed as previously reported (17). Three weeks after the 6-OHDA injection, rats with a rotating frequency >7 turns/min in apomorphine-induced rotation tests were selected as successful PD rat models.



Animal Experimental Design and Drug Treatment

All rats were randomly divided into three groups (n = 4 rats per group): sham, PD, and TPG. TPG group rats were gavaged with TPG (5.6 g/kg) once daily at the same time. The control group of sham-lesioned rats and PD group rats was gavaged with sterile saline alone. The dose of TPG was based on our previous clinical study (18).



Fecal Microbiota: Absolute Quantification of 16S rRNA

For collecting feces, all rats were placed individually in empty autoclaved cages and allowed to defecate freely in the morning after the day of last treatment. Once feces were formed of each mouse, they were collected immediately in individual sterile EP tubes on ice and then stored at −80°C until next usage.

Absolute quantification of 16S rRNA amplicon sequencing was performed by Genesky Biotechnologies Inc., Shanghai, (China). Total genomic DNA was extracted using the FastDNA® SPIN Kit for Soil (MP Biomedicals, Santa Ana, CA, United States) according to the instructions of the manufacturer. The integrity of genomic DNA was detected through agarose gel electrophoresis, and the concentration and purity of genomic DNA were detected through the Nanodrop 2000 and Qubit3.0 Spectrophotometer. Multiple spike-ins with identical conserved regions to natural 16S rRNA genes, and variable regions replaced by random sequences with ∼40% GC content were artificially synthesized. Then, an appropriate proportion of spike-ins mixture with known gradient copy numbers were added to the sample DNA. The V3-V4 hypervariable regions of the 16S rRNA gene and spike-ins were amplified with the primers 341F (5′-CCTACGGGNGGCWGCAG-3′) and 805R (5′-GACTACHVGGGTATCTAATCC-3′), and then sequenced using Illumina NovaSeq 6000 sequencer.

The raw read sequences were processed in QIIME2 (19). The adaptor and primer sequences were trimmed using the cutadapt plugin. DADA2 plugin was used for quality control and to identify amplicon sequence variants (ASVs) (20). Taxonomic assignments of ASV representative sequences were performed with confidence threshold of 0.8 by a pretrained Naive Bayes Classifier, which was trained on the Greengenes ver. 13.8. Then, the spike-in sequences were identified and reads were counted. The standard curve for each sample was generated based on the read counts vs. spike-in copy number, and the absolute copy number of each ASV in each sample was calculated by using the read counts of the corresponding ASV. As the spike-in sequence is not a component of the sample flora, the spike-in sequence needs to be removed in the subsequent analysis (21).

Functional prediction analysis was assessed using PICRUSt2.




ELISA Assay

ELISA was utilized to analyze the concentrations of the serum inflammatory cytokines according to instructions of the manufacturer. The whole blood was centrifuged at 2,000 × g for 20 min at 4°C, and the supernatant was collected for the further measurement of interleukin (IL)-1, IL-2, IL-4, IL-6, and tumor necrosis factor-[image: image] (TNF-[image: image]) using ELISA kits (Shanghai Westang Biotechnology, Shanghai, China).



Immunohistochemistry

Immunohistochemistry (IHC) was performed as previously described (17). Rat brains were fixed by 4% cold paraformaldehyde and cryoprotected in 30% sucrose in phosphate-buffered saline. Coronal sections (cut thickness: 3 μm) were cut on a freezing microtome, then immunoreacted with primary antibodies: anti-ionized calcium-binding adaptor molecule 1 (Iba1) (Servicebio, GB13105-1, Wuhan, China, 1:300) and anti-glial fibrillary acidic protein (GFAP, Servicebio, Wuhan, China, GB11096, 1:1,000) for immunolabeling. The sections were visualized using a fluorescence microscope (Nikon Eclipse C1, Japan) to examine the extent of microgliosis and astrogliosis, and representative photomicrographs of ipsilateral striatum regions were taken under a 40 × magnification objective. The mean fluorescence intensity of GFAP was used to evaluate the extent of microgliosis and astrogliosis and measured with the ImageJ software (National Institutes of Health, Bethesda, MD, United States).



Statistical Analysis

Data were analyzed using GraphPad Prism ver. 6.0 software. Data of the Western blot, IHC data, and ELISA are presented as mean ± SEM and analyzed by one-way ANOVA followed by Sidak’s multiple-comparisons test. Statistical significance was set at p < 0.05.

The sample size determination in the animal study was calculated based on our preexperiment data and the power test for sample size analysis by using PASS ver. 15.0 software. The power for the primary endpoint serum concentrations of inflammatory cytokines was calculated based on a one-way ANOVA test with a significance level of 5%. With an average sample size of 4 subjects and a total sample size of 12 subjects, the animal study will have more than 90% power to detect a difference among three groups.




RESULTS


Active Ingredients of Tianqi Pingchan Granule

In our initial search of the TCMSP database, we identified 73 active ingredients of potential relevance (Supplementary Table 1). Of these, we selected 20 ingredients in HQ, 2 ingredients in SD 13 ingredients in BS, 2 ingredients in DG, 33 ingredients in GT, 1 ingredient in JC, and 2 ingredients in TM based upon their OB and DL values. Of note, there were six common components shared in these seven herbs, namely, Mairin, 1,7-dihydroxy-3,9-dimethoxy pterocarpene, quercetin, sitosterol, stigmasterol, and beta-sitosterol. After eliminating the overlaps, 63 components were chosen as candidate bioactive components for further analyses and the detailed information is shown in Supplementary Table 2.



Identification of Tianqi Pingchan Granule and Parkinson’s Disease Targets

The gene targets of the 63 active compounds in TPG were retrieved from the TCMSP database, and 1,542 targets were retrieved. After eliminating the overlaps, we identified 235 TPG targets, which included TNF, IL-1β, IL-2, IL-4, and IL-6. The detailed information is shown in Supplementary Table 3. In addition, after eliminating the overlaps, the TTD, OMIM, GeneCards, and DrugBank databases were used to identify 767 PD-related target genes (Supplementary Table 4).



Network Analysis of Targets

As shown in Figure 2A, the closed-loop form of the fixed position was used to represent all the drug target genes and disease-related genes. A total of 99 interaction targets were obtained in the Venn diagram. A “TPG-Targets-PD” network was constructed using Cytoscape (Figure 2B). The top five compounds with the highest degree centrality (DC) were quercetin, beta-sitosterol, kaempferol, stigmasterol, and 7-O-methylisomucronulatol. To explore the interactions among the above targets in-depth, we constructed a PPI network. The primary network had 98 nodes and 1,275 edges (Figure 2C). Next, the CytoNCA plug-in was used to calculate topological parameters and extract the core PPI network. The core PPI network consists of 15 nodes and 105 edges (Figure 2D). TNF, IL-1β, and IL-6 were identified in the core network, suggesting that these targets were worthy of further investigation in the context of PD treatment using TPG.
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FIGURE 2. Screening of targets for Parkinson’s disease treated by TPG. (A) Venn diagram of drug targets and disease targets. (B) The compound-target network for TPG on Parkinson’s disease. Blue indicates drug-disease intersection targets, other colors indicate active compounds of TPG, and pink indicates overlapped active compounds of TPG. (C) PPI network of Parkinson’s disease-related targets in TPG. (D) Core PPI network of Parkinson’s disease-related targets in TPG extracted from panel (C). The size and color of nodes represent their degree values, which change from blue to orange representing values from low to high. The width of edges represents combined scores between the nodes. DC, degree centrality; BC, betweenness centrality; CC, closeness centrality; EC, eigenvector centrality; LAC, local average connectivity-based method; NC, network centrality.




Predicting Functional Enrichment Analysis for Tianqi Pingchan Granule

Metascape was used to carry out functional enrichments of GO and KEGG pathways of the 99 overlapping TPG and PD targets (Figure 3). The top 20 significantly enriched pathways of TPG on PD are shown in Figure 3A. KEGG analysis revealed that many target genes were strongly associated with the NF-κB signaling pathway and T cell receptor signaling pathway (Figures 3A,B). By observing the results of Biological Process terms of GO analysis (Figure 3C), interaction targets were mainly associated with response to lipopolysaccharide, regulation of secretion, the inflammatory response, lipopolysaccharide-mediated signaling pathway, response to TNF, and glial cell development.
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FIGURE 3. Kyoto Encyclopedia of Genes and Genomes pathway and GO enrichment of core candidate targets of TPG against Parkinson’s disease. (A) Top 20 KEGG pathway enrichment. (B) Heatmaps of KEGG pathway enrichment of core candidate targets of TPG against Parkinson’s disease. (C) Heatmaps of GO_BP enrichment.




Experimental Validation of Network Pharmacology

Gut microbiota dysbiosis can play a critical role in propagating peripheral inflammatory response and exacerbate the inflammatory environment in the brain through the microbiota-gut-brain axis (22, 23). Thus, to validate network pharmacology, the gut microbiota, peripheral inflammatory cytokines, and glia-mediated neuroinflammation in the lesioned substantia nigra of PD rats were evaluated.



Tianqi Pingchan Granule-Induced Changes in Gut Microbiota

The rarefaction curve is used to reflect the rationality of sequencing data and indirectly the species richness. As shown in Supplementary Figure 1, the rarefaction curve for each group indicated that the amount of sequencing data is sufficient. The alpha diversity indices of Chao1 and ACE, representative of microbial richness, tended to be lower in the sham group (D) rats and TPG group (F) rats compared to the PD group (E) rats (Figures 4A,B), but there were no significant differences between the three groups, suggesting that the number of samples needs to be expanded. Similarly, other alpha diversity indices of Shannon, representative of microbial diversity, tended to be higher in the sham group (D) rats and TPG group (F) rats compared to the PD group (E) rats (Figure 4C), but there were no significant differences between the three groups.
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FIGURE 4. Changes in the diversity of the gut microbiota (n = 4/group): (A–C) the Chao1 index, ACE index, and Shannon index of three groups; (D) Samples Cluster Tree analysis based on unweighted pair group method with arithmetic mean method; (E) non-metric multidimensional scaling method (NMDS) is to simplify the research objects (samples or variables) in multidimensional space to low-dimensional space for positioning, analysis, and classification. (F) Principal coordinates analysis (PCoA).


To further analyze the similarity or difference of the composition of the gut microbiota of the three groups, Samples Cluster Tree analysis was performed. Strikingly, it can be clearly seen from Figure 4D that the samples were clustered by subject, indicating that microbial composition of the PD group was different from that of the sham group and TPG group. Also, other measures of beta diversity indices, including non-metric multidimensional scaling method (NMDS) and principal coordinates analysis (PCoA) (Figures 4E,F), were similar to Samples Cluster Tree analysis. It can be found that the differences between the TPG group and sham group were not obvious, indicating that the gut microbiota composition of the TPG control and the sham group was similar. In addition, the linear discriminant analysis effect size (LEfSe) was used to identify the specific phylotypes responding to the sham, PD, and TPG groups. The differences in the dominant members of the microbiota between the PD group and other groups are shown in Figure 5.


[image: image]

FIGURE 5. Major differential microbial species (n = 4/group): Taxonomic cladogram obtained from LEfSe of six groups. Biomarker taxa are highlighted with colored circles and shaded areas. Each circle’s diameter reflects the abundance of those taxa in the community.


From the class-level analysis (Figures 6A–C), a significant decrease was observed in the abundance of class Negativicutes, while class Mollicutes were increased in the PD group rats compared to the sham group rats. Interestingly, there were obvious increases in Negativicutes in the TPG group rats than in the PD group rats. At the order level (Figures 6D–F), decreased Selenomonadales and increased Enterobacteriales and Mycoplasmatales were observed in the PD rats compared to the sham rats. The abundance of Selenomonadales and Aeromonadales were increased with the treatment of TPG. Not only at the class and order level, a significant difference in gut microbial was also obviously shown at family (Figure 6G), genus (Figure 6H), and species (Figure 6I) levels among the three groups. Together, these data indicate that PD rats have gut microbial dysbiosis, and TPG can modulate the microbiota compositions to improve gut microbial dysbiosis in PD rats.
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FIGURE 6. Composition of the gut microbiota (n = 4/group): (A) the absolute abundance of major bacterial taxa at the class level; (B,C) significant different bacteria at the class level. The data were analyzed by one-way ANOVA (*p < 0.05); (D) the absolute abundance of major bacterial taxa at the order level; (B,C) significant different bacteria at the order level. The data were analyzed by Kruskal–Wallis (*p < 0.05); (G–I) the absolute abundance of major bacterial taxa at the family, genus, and species levels.


Furthermore, given that gut microbial dysbiosis was closely associated with functional changes, functional prediction analysis was also performed in our study (Figure 7). It can be seen that the expression of flavonoid biosynthesis was significantly upregulated by the TPG compared with the PD group. Increasing scientific evidence has shown that flavonoids can have anti-inflammatory properties (24). Considering the role of microbiota-gut-brain axis in PD (25), we next explored the effect of TPG on neuroinflammation in the lesioned striatum.
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FIGURE 7. Functional prediction analysis. The data were analyzed by unpaired Student’s t-test (*p < 0.05).




Tianqi Pingchan Granule Alleviated Inflammatory Responses

As expected, the serum peripheral inflammatory cytokines in the TPG group were significantly decreased compared to the PD group (Figures 8A–E). In addition, our IHC data revealed that 6-OHDA could significantly increase the expression of glia markers Iba-1 and GFAP in the lesioned substantia nigra of PD rats (Figure 9). The activation of microglia and astrocyte in PD rats in the substantia nigra was largely inhibited by TPG administration.
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FIGURE 8. TPG inhibited peripheral proinflammatory cytokine levels. ELISA was used to detect the level of (A) TNF-[image: image], (B) IL-1, (C) IL-2, (D) IL-4, and (E) IL-6 protein in SD rats of each group. #p < 0.05, ##p < 0.01, ###p < 0.001 vs. PD group; **p < 0.01 sham group.
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FIGURE 9. Tianqi Pingchan Granule suppresses neuroinflammation in the lesioned substantia nigra. (A,B) Microglia activation was determined by immunohistochemical analysis of Iba1. (A)Typical photomicrographs show Iba1 (green)-stained astrocytes in the lesioned substantia nigra. (B) Quantitative analysis reveals a significant decrease in the Iba1 staining intensity in TPG rats. *p < 0.05, **p < 0.05 vs. PD group. (C,D) Astrocytes activation was determined by immunohistochemical analysis of GFAP. (C) Typical photomicrographs show GFAP (green)-stained astrocytes in the lesioned substantia nigra. (D) Quantitative analysis reveals a significant decrease in the GFAP staining intensity in TPG rats. *p < 0.05.





DISCUSSION

Parkinson’s disease is a progressive neurodegenerative disease whose global prevalence is rising. Due to its complex underlying mechanisms, single-target drugs are therapeutically less effective in PD management. The multicomponent, multitarget action of TCM exhibits diverse therapeutic effects through the synergistic activity of various pharmacologically active compounds (26). Therefore, treating PD with TCM may be a good choice. However, inferring the mechanisms by which TCM acts is challenging. Network pharmacology has emerged as a valuable tool to analyze the mechanism of the complex components of TCM (27, 28). Based on this, in this study, TPG, a clinically used TCM, was analyzed using a combination of network pharmacological analysis and experimental validation to evaluate its effects and mechanism against PD.

In this study, considering the complexity of the active ingredients in TPG and the diversity of potential regulatory targets in humans, we first collected a summary of active ingredients of TPG meeting the predictive thresholds (DL index ≥ 0.18 and OB ≥ 30%) from TCMSP and identified putative TPG- and PD-related target genes from multiple databases. Then, we obtained TPG-compound-target-PD network to identify PD-related targets in TPG. Furthermore, we constructed the PPI network that identified TNF, IL-1β, and IL-6 as core targets in the context of TPG-mediated PD treatment. The network pharmacology-based findings from KEGG pathway and GO enrichment revealed that TPG -treated PD were mechanically associated with inflammatory response and related signaling pathway, such as NF-κB signaling pathway, T cell receptor signaling pathway, and lipopolysaccharide-mediated signaling pathway. It is well known that the NF-κB and T cell receptor signaling pathway has great effects on peripheral inflammatory response and glia-mediated neuroinflammation (29–32). Consistent with our data, previous studies have shown that the main active ingredients of TPG, such as HQ (30, 33), TM (34), BS (35), and other active derivatives could treat PD through suppression of inflammation response and exerting robust neuroprotection. For example, corynoxine, which is extracted from GT, has been reported to protect dopaminergic neurons through diminishing neuroinflammation in rotenone-induced animal models of PD (36). Calycosin, an isoflavone phytoestrogen isolated from HQ, has been demonstrated to attenuate MPTP-induced PD by suppressing the activation of NF-κB pathways (33). Overall, these data suggest that TPG may treat PD through modulating inflammatory responses.

Additionally, based on the results of network and functional enrichment analysis and given that mounting evidence indicates that gut microbiota community alterations are closely linked to peripheral (37) and central inflammatory responses (23), we first designed animal experiments to test the possibility whether TPG modulates gut microbiota in PD in vivo. In this study, the composition of the gut microbiota after TPG treatment was screened using absolute quantification of 16S rRNA. Consistent with previous studies showing that gut microbial dysbiosis exists in patients with PD (38, 39) and mice (23, 40), we verified dysbiosis in the composition of gut microbiota in the 6-OHDA-induced rat model of PD. We demonstrated that gut microbial dysbiosis in PD rats involves significant decreases in class Negativicutes and order Selenomonadales, while significant increases in class Mollicutes, order Enterobacteriales and Mycoplasmatales, are consistent with observations in MPTP-induced PD mice with PD, which have increased abundance of Enterobacteriales (40). In addition, decreases in Negativicutes at the class level have also been reported to be observed in patients with Alzheimer’s disease (41). Strikingly, TPG treatment increased Negativicutes at class level and Selenomonadales at the order level. Our results show that TPG can reverse established microbial dysbiosis. Furthermore, using functional prediction analysis, we found that the expression of flavonoid biosynthesis was significantly upregulated by TPG compared with the PD group. Flavonoids are presented broadly in plants and diets, and are believed to attenuate neuroinflammation in the neurodegenerative process (24, 42).

Considering the prediction revealed by network pharmacological analysis and the close relationship between microbial dysbiosis and peripheral inflammatory responses (37), we further confirmed the critical contribution of TPG to regulate peripheral inflammatory cytokines in PD rats. Cytokines are recognized as important mediators of inflammatory responses (43). Accumulated evidence reveals that peripheral proinflammatory cytokine upregulation in patients with PD, thus suggesting that abnormalities in peripheral immune functions may contribute to the pathogenesis of PD (43). Several studies have reported that inflammatory gene cytokine polymorphisms of TNF-α and IL-1β increase the risk of PD (44, 45). Interestingly, consistent with the network pharmacological analysis, our findings confirmed that oral administration of TPG downregulated serum IL-1, IL-2, IL-4, and IL-6 levels in PD rats, markers of peripheral inflammation.

Finally, beyond the observed alterations in the composition of gut microbiota and peripheral inflammatory cytokines, we further confirmed the role of TPG in regulating central neuroinflammation in PD rats. Numerous studies have shown that alteration in the gut microbiota composition not only affects peripheral immune cell activation but also transfers signals to the central nervous system (CNS) and propagates neuroinflammation in the brain via the microbiota-gut-brain axis (22, 23). Similarly, the release of systemic cytokines is critical for CNS effects in response to peripheral immune activation. In this new scenario, it is important to determine whether TPG could not only correct the gut microbial dysbiosis but also alleviate peripheral and central inflammatory responses in PD. Notably, we found that TPG administration reduced the Iba1 and GFAP (markers of microglia and astrocyte activation, respectively) protein expression in the lesioned substantia nigra. Microglia and astrocytes, as key regulators of inflammatory responses in the CNS, respond rapidly to brain microenvironment changes. Taken together, these data suggest that TPG might modify the microenvironment of the central and peripheral immunologic system in PD rats. Our in vivo experimental data verify that the strategy of applying network pharmacology to find potential active compounds is reliable and achievable.



CONCLUSION

In conclusion, the network pharmacological analysis of TPG identified 73 compounds and 235 target genes associated with PD. TNF-[image: image], IL-1β, IL-6, IL-4, and IL-2 were recognized as essential targets. According to the results of pathway enrichment analysis, we verified that TPG can improve gut microbiota and inhibit the inflammatory response in PD. Network pharmacology strategies can match candidate compounds with potential targets via the construction of multicomponent networks. Using network pharmacology and 16S rRNA sequencing-combined approach, the mechanisms of TPG against PD are revealed.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The protocols of this study were reviewed and approved by the Ethical Committee of the Medical School of Shanghai Jiao Tong University (the ethical clearance number: XHEC-NSFC-2019-210).



AUTHOR CONTRIBUTIONS

ZGL completed the design of the framework of this manuscript and the experiments. JZ conducted the network pharmacology study. ZHL, SY, YZ, and LS completed the animal experiments. ZHL analyzed the data and prepared the manuscript. NW was responsible for supervision, review, and editing. All authors read and approved the final manuscript.



FUNDING

This study was supported by the National Key R&D Program of China (2017YFC1310300), National Natural Science Foundation of China (81974173 and 81771211), Science and Technology Commission of Shanghai Municipality (17401901000 and 19401932100), Innovation Research Team of High-level Local Universities in Shanghai, Shanghai Municipal Health Commission (2019SY024), pilot project of Clinical Cooperation between Chinese and Western Medicine in Shanghai (ZXYXZ-201907), and special project of Integrated Traditional Chinese and Western Medicine in Shanghai General Hospital (ZHYY-ZXYJHZX-202021).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.836500/full#supplementary-material

Supplementary Figure 1 | The rarefaction curve for each group.


FOOTNOTES

1https://old.tcmsp-e.com/index.php

2http://www.uniprot.org/

3http://db.idrblab.net/ttd/

4https://omim.org/

5https://www.genecards.org/

6https://go.drugbank.com/

7https://bioinfogp.cnb.csic.es/tools/venny/index.html

8http://string-db.org/

9https://metascape.org/gp/index.html#/citations/

10http://www.R-project.org/


REFERENCES

1. Armstrong MJ, Okun MS. Diagnosis and treatment of Parkinson disease: a review. JAMA. (2020) 323:548–60. doi: 10.1001/jama.2019.22360

2. Poewe W, Seppi K, Tanner CM, Halliday GM, Brundin P, Volkmann J, et al. Parkinson disease. Nat Rev Dis Primers. (2017) 3:17013. doi: 10.1038/nrdp.2017.13

3. Balestrino R, Schapira AHV. Parkinson disease. Eur J Neurol. (2020) 27:27–42. doi: 10.1111/ene.14108

4. Yang T, Sui X, Yu B, Shen Y, Cong H. Recent advances in the rational drug design based on multi-target ligands. Curr Med Chem. (2020) 27:4720–40. doi: 10.2174/0929867327666200102120652

5. Li X, Zhang Y, Wang Y, Xu J, Xin P, Meng Y, et al. The mechanisms of traditional Chinese medicine underlying the prevention and treatment of Parkinson’s disease. Front Pharmacol. (2017) 8:634. doi: 10.3389/fphar.2017.00634

6. Wu N, Yang X, Song L, Wei J, Liu Z. Effect of Tianqi antitremor granules on behavioral manifestations and expression of G protein-coupled receptor kinase 6 and β-arrestin1 in levodopa-induced dyskinesia in a rat model of Parkinson’s disease. Drug Des Devel Ther. (2013) 7:1481–9. doi: 10.2147/dddt.S48488

7. Zhang R, Zhu X, Bai H, Ning K. Network pharmacology databases for traditional Chinese medicine: review and assessment. Front Pharmacol. (2019) 10:123. doi: 10.3389/fphar.2019.00123

8. Ru J, Li P, Wang J, Zhou W, Li B, Huang C, et al. TCMSP: a database of systems pharmacology for drug discovery from herbal medicines. J Cheminform. (2014) 6:13. doi: 10.1186/1758-2946-6-13

9. Xu X, Zhang W, Huang C, Li Y, Yu H, Wang Y, et al. A novel chemometric method for the prediction of human oral bioavailability. Int J Mol Sci. (2012) 13:6964–82. doi: 10.3390/ijms13066964

10. Guo W, Huang J, Wang N, Tan HY, Cheung F, Chen F, et al. Integrating network pharmacology and pharmacological evaluation for deciphering the action mechanism of herbal formula Zuojin pill in suppressing hepatocellular carcinoma. Front Pharmacol. (2019) 10:1185. doi: 10.3389/fphar.2019.01185

11. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. (2003) 13:2498–504. doi: 10.1101/gr.1239303

12. Wang Y, Zhang S, Li F, Zhou Y, Zhang Y, Wang Z, et al. Therapeutic target database 2020: enriched resource for facilitating research and early development of targeted therapeutics. Nucleic Acids Res. (2020) 48:D1031–41. doi: 10.1093/nar/gkz981

13. Amberger JS, Bocchini CA, Schiettecatte F, Scott AF, Hamosh A. OMIM.org: online mendelian inheritance in man (OMIM®), an online catalog of human genes and genetic disorders. Nucleic Acids Res. (2015) 43:D789–98. doi: 10.1093/nar/gku1205

14. Stelzer G, Rosen N, Plaschkes I, Zimmerman S, Twik M, Fishilevich S, et al. The GeneCards suite: from gene data mining to disease genome sequence analyses. Curr Protoc Bioinformatics. (2016) 54:1.30.1–33. doi: 10.1002/cpbi.5

15. Wishart DS, Feunang YD, Guo AC, Lo EJ, Marcu A, Grant JR, et al. DrugBank 5.0: a major update to the DrugBank database for 2018. Nucleic Acids Res. (2018) 46:D1074–82. doi: 10.1093/nar/gkx1037

16. Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, Simonovic M, et al. The STRING database in 2017: quality-controlled protein-protein association networks, made broadly accessible. Nucleic Acids Res. (2017) 45:D362–8. doi: 10.1093/nar/gkw937

17. Liu Z, Yan A, Zhao J, Yang S, Song L, Liu Z. The p75 neurotrophin receptor as a novel intermediate in L-dopa-induced dyskinesia in experimental Parkinson’s disease. Exp Neurol. (2021) 342:113740. doi: 10.1016/j.expneurol.2021.113740

18. Wu N, Song L, Yang XX, Wei JL, Liu ZG. [Effects of Chinese herbal medicine Tianqi Pingchan granule on G protein-coupled receptor kinase 6 involved in the prevention of levodopa-induced dyskinesia in rats with Parkinson disease]. Zhong Xi Yi Jie He Xue Bao. (2012) 10:1018–24. doi: 10.3736/jcim20120911

19. Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA, et al. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nat Biotechnol. (2019) 37:852–7. doi: 10.1038/s41587-019-0209-9

20. Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJ, Holmes SP. DADA2: high-resolution sample inference from illumina amplicon data. Nat Methods. (2016) 13:581–3. doi: 10.1038/nmeth.3869

21. Jiang SQ, Yu YN, Gao RW, Wang H, Zhang J, Li R, et al. High-throughput absolute quantification sequencing reveals the effect of different fertilizer applications on bacterial community in a tomato cultivated coastal saline soil. Sci Total Environ. (2019) 687:601–9. doi: 10.1016/j.scitotenv.2019.06.105

22. Cryan JF, O’Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, Boehme M, et al. The microbiota-gut-brain axis. Physiol Rev. (2019) 99:1877–2013. doi: 10.1152/physrev.00018.2018

23. Zhao Z, Ning J, Bao XQ, Shang M, Ma J, Li G, et al. Fecal microbiota transplantation protects rotenone-induced Parkinson’s disease mice via suppressing inflammation mediated by the lipopolysaccharide-TLR4 signaling pathway through the microbiota-gut-brain axis. Microbiome. (2021) 9:226. doi: 10.1186/s40168-021-01107-9

24. Maleki SJ, Crespo JF, Cabanillas B. Anti-inflammatory effects of flavonoids. Food Chem. (2019) 299:125124. doi: 10.1016/j.foodchem.2019.125124

25. Sampson TR, Debelius JW, Thron T, Janssen S, Shastri GG, Ilhan ZE, et al. Gut microbiota regulate motor deficits and neuroinflammation in a model of Parkinson’s disease. Cell. (2016) 167:1469–80.e1412. doi: 10.1016/j.cell.2016.11.018

26. Li S, Le W. Parkinson’s disease in traditional Chinese medicine. Lancet Neurol. (2021) 20:262. doi: 10.1016/s1474-4422(19)30224-8

27. Wang L, Yang YF, Chen L, He ZQ, Bi DY, Zhang L, et al. Compound dihuang granule inhibits nigrostriatal pathway apoptosis in Parkinson’s disease by suppressing the JNK/AP-1 pathway. Front Pharmacol. (2021) 12:621359. doi: 10.3389/fphar.2021.621359

28. Zhou W, Lai X, Wang X, Yao X, Wang W, Li S. Network pharmacology to explore the anti-inflammatory mechanism of Xuebijing in the treatment of sepsis. Phytomedicine. (2021) 85:153543. doi: 10.1016/j.phymed.2021.153543

29. Yan A, Zhang Y, Lin J, Song L, Wang X, Liu Z. Partial depletion of peripheral M1 macrophages reverses motor deficits in MPTP-treated mouse by suppressing neuroinflammation and dopaminergic neurodegeneration. Front Aging Neurosci. (2018) 10:160. doi: 10.3389/fnagi.2018.00160

30. Yang C, Mo Y, Xu E, Wen H, Wei R, Li S, et al. Astragaloside IV ameliorates motor deficits and dopaminergic neuron degeneration via inhibiting neuroinflammation and oxidative stress in a Parkinson’s disease mouse model. Int Immunopharmacol. (2019) 75:105651. doi: 10.1016/j.intimp.2019.05.036

31. Takeuchi Y, Hirota K, Sakaguchi S. Impaired T cell receptor signaling and development of T cell-mediated autoimmune arthritis. Immunol Rev. (2020) 294:164–76. doi: 10.1111/imr.12841

32. Yan A, Song L, Zhang Y, Wang X, Liu Z. Systemic inflammation increases the susceptibility to levodopa-induced dyskinesia in 6-OHDA lesioned rats by targeting the NR2B-medicated PKC/MEK/ERK pathway. Front Aging Neurosci. (2020) 12:625166. doi: 10.3389/fnagi.2020.625166

33. Yang J, Jia M, Zhang X, Wang P. Calycosin attenuates MPTP-induced Parkinson’s disease by suppressing the activation of TLR/NF-κB and MAPK pathways. Phytother Res. (2019) 33:309–18. doi: 10.1002/ptr.6221

34. Luo L, Kim SW, Lee HK I, Kim D, Lee H, Lee JK. Gastrodin exerts robust neuroprotection in the postischemic brain via its protective effect against Zn(2+)-toxicity and its anti-oxidative effects in astrocytes. Anim Cells Syst (Seoul). (2018) 22:429–37. doi: 10.1080/19768354.2018.1549099

35. Liu HQ, Zhang WY, Luo XT, Ye Y, Zhu XZ. Paeoniflorin attenuates neuroinflammation and dopaminergic neurodegeneration in the MPTP model of Parkinson’s disease by activation of adenosine A1 receptor. Br J Pharmacol. (2006) 148:314–25. doi: 10.1038/sj.bjp.0706732

36. Chen L, Huang Y, Yu X, Lu J, Jia W, Song J, et al. Corynoxine protects dopaminergic neurons through inducing autophagy and diminishing neuroinflammation in rotenone-induced animal models of Parkinson’s disease. Front Pharmacol. (2021) 12:642900. doi: 10.3389/fphar.2021.642900

37. Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M, Nageshwar Reddy D. Role of the normal gut microbiota. World J Gastroenterol. (2015) 21:8787–803. doi: 10.3748/wjg.v21.i29.8787

38. Barichella M, Severgnini M, Cilia R, Cassani E, Bolliri C, Caronni S, et al. Unraveling gut microbiota in Parkinson’s disease and atypical parkinsonism. Mov Disord. (2019) 34:396–405. doi: 10.1002/mds.27581

39. Zhang F, Yue L, Fang X, Wang G, Li C, Sun X, et al. Altered gut microbiota in Parkinson’s disease patients/healthy spouses and its association with clinical features. Parkinsonism Relat Disord. (2020) 81:84–8. doi: 10.1016/j.parkreldis.2020.10.034

40. Sun MF, Zhu YL, Zhou ZL, Jia XB, Xu YD, Yang Q, et al. Neuroprotective effects of fecal microbiota transplantation on MPTP-induced Parkinson’s disease mice: gut microbiota, glial reaction and TLR4/TNF-α signaling pathway. Brain Behav Immun. (2018) 70:48–60. doi: 10.1016/j.bbi.2018.02.005

41. Zhuang ZQ, Shen LL, Li WW, Fu X, Zeng F, Gui L, et al. Gut microbiota is altered in patients with Alzheimer’s disease. J Alzheimers Dis. (2018) 63:1337–46. doi: 10.3233/JAD-180176

42. Calis Z, Mogulkoc R, Baltaci AK. The roles of flavonols/flavonoids in neurodegeneration and neuroinflammation. Mini Rev Med Chem. (2020) 20:1475–88. doi: 10.2174/1389557519666190617150051

43. Reale M, Iarlori C, Thomas A, Gambi D, Perfetti B, Di Nicola M, et al. Peripheral cytokines profile in Parkinson’s disease. Brain Behav Immun. (2009) 23:55–63. doi: 10.1016/j.bbi.2008.07.003

44. Schulte T, Schöls L, Müller T, Woitalla D, Berger K, Krüger R. Polymorphisms in the interleukin-1 alpha and beta genes and the risk for Parkinson’s disease. Neurosci Lett. (2002) 326:70–2. doi: 10.1016/s0304-3940(02)00301-4

45. Wahner AD, Sinsheimer JS, Bronstein JM, Ritz B. Inflammatory cytokine gene polymorphisms and increased risk of Parkinson disease. Arch Neurol. (2007) 64:836–40. doi: 10.1001/archneur.64.6.836


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Zhao, Yang, Zhang, Song, Wu and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnut-09-836500-g008.jpg
L (lw/Bd)g-T1

-
(&) (lw/Bd)z-|

(JwBd)p-4NL





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Network Pharmacology and Absolute Bacterial Quantification-Combined Approach to Explore the Mechanism of Tianqi Pingchan Granule Against 6-OHDA-Induced Parkinson’s Disease in Rats



		INTRODUCTION



		MATERIALS AND METHODS



		Network Pharmacology Analysis of Tianqi Pingchan Granule



		Compound Profiling and Disease Target Identification



		Network Establishment



		Pathway and Functional Enrichment Analysis







		Experimental Validation



		Materials and Reagents



		Animals and Establishment of Parkinson’s Disease Model



		Animal Experimental Design and Drug Treatment



		Fecal Microbiota: Absolute Quantification of 16S rRNA







		ELISA Assay



		Immunohistochemistry



		Statistical Analysis







		RESULTS



		Active Ingredients of Tianqi Pingchan Granule



		Identification of Tianqi Pingchan Granule and Parkinson’s Disease Targets



		Network Analysis of Targets



		Predicting Functional Enrichment Analysis for Tianqi Pingchan Granule



		Experimental Validation of Network Pharmacology



		Tianqi Pingchan Granule-Induced Changes in Gut Microbiota



		Tianqi Pingchan Granule Alleviated Inflammatory Responses







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/fnut-09-836500-g009.jpg
ok

okk

T T
o (=} o
wn

150+
0

AyAnoealounwwy dy49 ueaw






OPS/images/fnut-09-836500-g006.jpg
o

W Bacteroidia @ Negativicutes | Gammaproteobacteria [ Mollicutes @ Synergistia
m Clostridia a @ Methanobacteria | Anaerolineae
o i o W Alphaproteobacteria B Deferribacteres W Thermoplasmata
W Erysipelotrichia @ Deltaproteobacteria W Elusimicrobia @ Subdivision$ W No_Rank
@ Spirochaetia - Ep o i | Fusobacteriia

3

&

~

O

21010

| Bacteroidales
| Clostridiales

@ Lactobacillales
-

@ Spirochactales
o

710009

:
- o
@ Prevotellaceae

W Lactobacillaceae
@ Ruminococcaceae
W Lachnospiraceae

@ Porphyromonadaceae
@ Bacteroidaceae

O Erysipelotr

@ Spirochaetaceae
W Veillonellaceae

B Peplostreptococcaceae M Eubacteriaceae
ichacea

@ Rikenellaceae

r_|

@ Unassigned @ No_Rank
O Others

| Una
m Clostridiaceae_1
Others

© No_Rank

)

Absolute abundance

2008 Gae0b GeelB BeeD8 todd

Negativicutes *

-

’l*}

) .

Mollicutes * Erysipelotrichia *
-

-
I 1 I 1

—

4
5
-__

100007
s

1

Absolute abundance
Absoiute abundance

N

| — 7| — §
Selenomonadales * Aeromonadales * Mycoplasmatales *
-
- - I 1
f [ - .
- -

i

Absohste atundance
20000 des Gee0b Besdd tesdd

Absolute abundance
SO 2eed7  Jee0l  desl?

00ee00

_

{
g1 i ?J —
s & c

Erysipelotrichales *

Absolute abundance
100008

Lactobacilius
Prevotelia

Unassigned
loprevotella
Paraprevotelia

EsOEs
=

28010

2.%0%10

Absolute Abundance

@ Bacteroides 0O Turicibacter

@ Rombdoutsia @ Clostridium_sensu_stricto
O Ruminococcus @ Others

@ Alobaculum @ No_Rank

| Eudacterium

E3

Erysipelotrichia
Negativicutes
Mollicutes

o

49651448.83
Absolute abundance of Community

261623074.67

|

T

L3¢ - - © o~ - - - o~ o~
w w w w w w w o w o a

8092563.83 178089586.83
Absolute abundance of Community

280+10
3

Absolute Abundance
140010

00000 70009 210490
i
y —I
. _

a
U
§

2304411939

Erysipelotrichales
Selenomonadales
Aeromonadales

Enterobacteriales

Mycoplasmatales

©
o

2304411939

@ uncultured_Clostridiales_bacterium
B unidentified_rumen_bacterium
Others





OPS/images/fnut-09-836500-g007.jpg
@ ES®F

00094 1:Flavonoid biosynthesis* [
| 1 1 I 1

95.0% confidence intervals

|—-o—-i' 0.048

| | | | I | |

0e+00 4e+07 8e+07-1.2e+08 -6.0e+07 0.0e+00

Mean frequency

Difference in mean frequency

p-value





OPS/images/fnut-09-836500-g004.jpg
Chao1
(p.value = 0.778801)

850

800

750

700

650

600

—_—
I

ACE
(p.value = 0.778801)

850 —

800

700

650 —

—
|
-
— -
|
PR
|
N T

Q < <

NMDS

T T
-0.02 0.00 0.02

MDS1
STRESS: 0.08

Axis.1

-0.02 -0.01 000 001 002 0.03

-0.03

Shannon
(p.value = 0.472367)
50 JR—
—_— |
: 1 —p—
|
4.5 l - -
—_
4.0 -
3.5
|
1
—
Q < L
PCoA S0 BEBE
° "’
@ *
) ¢ °
@
©
/L/ 0.02
3 i 0.01
?‘ T ? 0.00 (;5
Z0.01 ¢
; ; 20.02 ¥
-0.02 -0.01 0.00 0.01 0.02 0.03

-0.05





OPS/images/fnut-09-836500-g005.jpg
Cladogram

Bl 2: f_Rikenellaceae
Bl b: f__Leuconostocaceae
B c: f_Clostridiaceae_1
B d: f_Erysipelotrichaceae
Bl e: o_ Erysipelotrichales
B f: ¢ Erysipelotrichia
Bl o: f_Veillonellaceae
Bl h: o_Selenomonadales
Bl i: ¢ Negativicutes

Bl j: f_Succinivibrionaceae
Bl k: o__Aeromonadales
B |: f__Enterobacteriaceae
B m: o__Enterobacteriales

Bl n: f__Mycoplasmataceae

g__Schwartzia.s__uncultured_Firmicutes_bacterium
g__Schwartzia
g__Eubacterium.s__uncultured_Firmicutes_bacterium
g__Butyricicoccus
g__Oscillibacter.s__uncultured_Firmicutes_bacterium
g__Enterorhabdus
g__Enterorhabdus.s__uncultured_bacterium
g__Collinsella
g__Collinsella.s__uncultured_bacterium
S__uncultured_rumen_bacterium
g__Paraprevotella.s__uncultured_Bacteroidetes_bacterium
s__rumen_bacterium_NK2C32
g__Barnesiella.s__uncultured_Bacteroidetes_bacterium
s__uncultured_Bacteroidales_bacterium
coplasma_sualvi

__Mollicutes

f__Mycoplasmataceae

g__Mycoplasma

o__Mycoplasmatales

p__Tenericutes

g__Turicibacter

g__Anaerovibrio

s__Bifidobacterium_animalis

g__Anaerofustis
s__uncultured_Clostridiaceae_bacterium
f__Leuconostocaceae
g__Clostridium_XIVa.s__uncultured_bacterium
g__Weissella

g__Robinsoniella
g__Robinsoniella.s__uncultured_bacterium

D

N E

N F






OPS/images/fnut-09-836500-g002.jpg
“.&.
3

..mn.a.

—
~ ..\,..
2 D

. | _,,,V y
v, '.,\,,
A .

4

Node Fill Color Mapping

Edge Width Mapping

Drug






OPS/images/fnut-09-836500-g003.jpg
KEGG Pathway

G0:0042493: response to drug

G0:0008015: blood circulation
hsanan01: drug metabolism+ @ G0:0071407: cellular respons li d
9 G0:0043270: positive re;ulatlon of i |on tral n
: " " L " -~ " GO0:0051347: positive regulation of transferase activity
hsa05120: Epithelial cell signaling in Helicobacter pylori infection 4 G0:0072593: reactive oxygen species metabolic process
G0:0097190: apoptotic S|gnalln?j pathw. y
. . G0:0009611: response to woundin
ko04064: NF-kappa B signaling pathway 41 ® G0:0010942: pOS’I)tIVe regulation of cell death
G0:0008285: negatlve regulatlon of cell population prollferatlon
. — . . . d G0:0071880: | patt
hsa05202: Transcriptional misregulation in cancer @ G0:0040008: regulation of growth
G0:0032496: response to lipopolysaccharide
hsa04931: insulin resistance @ ggfgggggﬁzf regulation of transmembrane transport
o Gene number GO:0050801: ion homeostasis. _ N
hsa05020: Prion diseases - * G0:0045596: t gulation of cell differentiat
® 10 G0:0048732: gland developm
" . G0:0051046: regulation of secr et on
hsa04725: Chollnergic synapse - ] G0:0051272: positive regulation of cellular component movement
® 5 G0:0002521: leukocyte differentiation
. " GO0:0015844: monoamine transport
hsa04726: Serotonergic synapse - @ ‘ 20 G0:0070848: response to growth factor )
G0:0042391: regulation of membrane potential
s ) e : =) G0:0070482: response to oxygen levels
hsa05166: HTLV-I infection . . 25 GO0:0060627: regulation of vesicle-mediated transport
G0:0010469: regulation of signaling receptor activity
ko04022: cGMP-PKG signaling pathway ® ggfgggggi’& inflammatory response
G0:1901615: ic hyd f i I
ko04024: cAMP signaling pathway @ —Iog(p) G0:0051098: regulation of binding
G0:0032355: response to estradiol
. . G0:0038034: si ion in absence of ligand
hsa04066: HIF-1 signaling pathway - @ 25 G0:0030162: re‘dgulation of proteolysis
G0:0051090: regulation of DNA-umumg p activity
. . GO0:0009314: to radia
hsa04660: T cell receptor signaling pathway - 2] 20 GOG18ES.: reshonca to [,aep e
G0:0009636: response to tox:c substance
. i H 4 GO0:0009612: r I
hsa05014: Amyotrophic lateral sclerosis (ALS) @ 15 G0:0007623: circadian rhythm
G0:0035094: response to nlcotlne
ko04728: Dopaminergic synapse G0:0032102: t I stimul
P gic synap o 10 G0:0080135: regulation of cellular
G0:0048871: multlcellular organlsmal homeosta515
hsa05162: Measles - @ GO:0044706: mult-multcellua
G0:0051235: maintenance of location
s 5 G0:0070371: ERK1 and ERK2 cascade
ko05418: Fluid shear stress and atherosclerosis - . G0:0016049: cell growth
G0:0048608: devel t
. i i i i i G0:0045444: fat cell dlfferentlation
hsa04080: Neuroactive ligand-receptor interaction . GO:0045776: negative regulation of blood pressure
G0:0009266: response I
ko04933: AGE-RAGE signaling pathway in diabetic complications - & S 004800s. onoar e D mosialne dlate : draige
G0:0002573:
hsa05200: Pathways in cancer - . G0:0034764: positive regulatlon of transmembrane transport
G0:0051101: regulation of DNA binding
v v L ¥ ¥ G0:0051052: regulation of DNA metabolic proc:
5 10 15 20 25 G0:0006091: generation of precursor metabolltes and energy
= G0:1902532: intracellular
o, g
RlCh factor ( /°) G0:0033555: multicellular organismal response to stress
G0:0048545: response to steroid hormone
i G0:0010506: regulation of auto
hsa05200: Pathways in cancer G0:0060047: heart contractio
004933: AGE-RAGE signaling pathway in diabetic complications G0:1903034: regulation of response to wounding
hsa04080: Neuroactive ligand-receptor interaction G0:0010039: response to iron ion
005418 Flu d shear stress and atherosclerosis G0:0051781: positive regulation of cell division
sa05162: Measles G0:1904645: response to amylou:i beta
G0:0030879: mammar p
°°47 8: D°Pam'"ef9'c syna G0:0060078: regulation of p pi b tential
1sa 05014: Amyotrophic Iateral scler05|s (ALS) G0:0031663: i i
5a04660: T cell receptor signaling pa G0:0034612: response to tumor necrosis factor
'\saO 066: HIF-1 signalin: ay G0:1901654: response to ketone
004024: cAMP signaling pat GO0:0038127: ERBB signaling pathway
G0:0035690: cellular response to drug
DAL e ey G0:0080900: leukocyte migration
‘ hsa04726: Serotonergic synapse G0:0010660: regulation of muscle cell apoptotic process
hsa04725: Cholinergic synapse G0:0060322: head develop
hsa05020: Pri ise: G0:0060485:
hsa04931: insulin resi G0:0034976: response to endoplasmic reticulum stress
= hsa05202: Transcnptional mlsregulatuon in cancer o0 oo poste [eadlation o cellulasamide: metatiolc ffodess
ko04064: NF-kappa B signaling pat G0:0031623: receptor internalization
hsa05120: Epithellal ceII sngnahng |n Helicobacter pylori infection G0:0021782: glial cell development
hsanan01: drug metabolism G0:0042311: vasodilati
hsa05204: Chemical carcinogenesis G0:0018107: peptidyl threonine phosphorylation
hsa04211: Longevity regulating pathway (G;g:gggsgg: { ptid involved in apoptotic process
hsa04310: Wnt signaling pathw. ] ‘ yonciordal Gevelobment . o .. o
hsa04350: TGF-beta S|gnaI|ng pathway ggggggg% Ce" ; NESIs INVe 5
hsa04152: AMPK signaling pathway G0:0001763: oz hi
== hsa04144: Endocytosis GO:0014805: oth n le adaptat
= hsa04721: Synaptic vesicle cycle Go 0046677: response to antibiotic
L 004141: Protein processing in endoplasmic reticulum é o
= hsa04670: Leukocyte transendothelial migration Go 0045981: positive regulation of nucleotid
; T T T T G0:0035637: multicellular | |
0 5 10 15 25 G0:0051899: rane depolanzatlon
G0:0014074: response to purin i
-log10(P) GO0:0061419: positive regulatlon of transcrlptlon from RNA polymerase Il promoter in response to hypoxia

5 20
-log10(P)






OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Network Pharmacology
and Absolute Bacterial
Quantification-Combined
Approach to Explore
the Mechanism of Tianqi
Pingchan Granule Against
6-OHDA-Induced Parkinson’s
Disease in Rats





OPS/images/fnut-09-836500-g001.jpg
63 active ingredients TTD, OMIM,

GeneCardsand
DrugBank

767 PD-related
235 targets of TPG target genes

compound-target GO and KEGG
network ERUnotwork enrichment

m ELISA assay Immunohistochemistry

M= I--i'
il e P [P I A als

TR lll il Lk Al il
L .l I . :
i i

Step1. targets
identification

Step2. Network
analysis

Step3.Experimental
Validation






OPS/images/fnut-09-836500-i001.jpg









OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition





