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Background: Radix Sophorae flavescentis (Kushen), a Chinese herb, is widely used in the treatment of ulcerative colitis (UC) with damp-heat accumulation syndrome (DHAS) according to traditional Chinese medicine (TCM) theory.
Objective: The aim of this study was to illuminate the clinical efficacy and potential mechanisms of Kushen-based TCM formulations in the treatment of UC with DHAS.
Materials and Methods: A systematic literature search was performed in the PubMed, EMBASE, Chinese Biomedical Literature database, China National Knowledge Infrastructure database, Chongqing VIP Information database, and Wanfang database for articles published between January 2000 and July 2020 on randomized controlled trials (RCTs) that used Kushen-based TCM formulations in the treatment of UC with DHAS. A network pharmacology approach was conducted to detect the potential pathways of Kushen against UC with DHAS.
Results: Eight RCTs with a total of 983 subjects were included in the meta-analysis. Compared with the control subjects (5-aminosalicylic acid therapy), those who received Kushen-based TCM formulations for the treatment of UC showed a significantly higher clinical remission rate (RR = 1.20, 95% CI: [1.04, 1.38], p = 0.02) and lower incidence of adverse events (RR = 0.63, 95% CI [0.39, 1.01], p = 0.06). A component-target-pathway network was constructed, indicating five main components (quercetin, luteolin, matrine, formononetin, and phaseolin), three major targets (Interleukin-6, Myc proto-oncogene protein, and G1/S-specific cyclin-D1) and one key potential therapeutic pathway (PI3K-Akt signaling) of Kushen against UC with DHAS.
Conclusion: Kushen-based TCM formulations provide good efficacy and possess great potential in the treatment of UC. Large-scale and high-quality clinical trials and experimental verification should be considered for further confirmation of the efficacy of Kushen-based formulations.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel disease that primarily occurs in the colon or rectum. The incidence of UC is generally higher in Caucasian populations, with the incidence rate among this group being as high as 70 per 100,000 individuals (Ordas et al., 2012; Sharma et al., 2018). However, it is important to note that the incidence of UC among East Asia populations has risen steadily in recent years given continuously improving living standards, with the incidence rate in Hong Kong and China reaching 24.5 per 100,000 individuals and 11.60 per 100,000 individuals, respectively (Ng et al., 2013; Ng et al., 2016). Although drugs such as 5-aminosalicylic acid, glucocorticoids, and tumor necrosis factor (TNF) blockers are commonly used in the treatment of UC, different problems exist, including recurrence, multiple adverse reactions, and poor effectiveness. At present, it is generally believed that the onset of UC is associated with factors such as gut dysbiosis, gut flora disorders, and immune dysfunction. Dysbiosis causes abnormal reactions between certain intestinal flora and the immune system, inducing or prolonging chronic bowel inflammation (Levy et al., 2015; Naganuma et al., 2016; Sandborn et al., 2017).
Many herbal medicines have showed significant efficacy compared with 5-aminosalicylic acid therapy (5-ASA) (Langhorst et al., 2015; Naganuma et al., 2018; Naganuma, 2019). Based on the traditional Chinese medicine (TCM) theory, UC consists of several types of TCM syndromes, the most common of which (34.8%) being damp-heat accumulation syndrome (DHAS) (Ye et al., 2010). Radix Sophorae flavescentis (Kushen) is a monarch herb in TCM formulations (Kushen-based TCM formulations) used for the treatment of UC with DHAS which has achieved good effectiveness in clinical practice and effect studies (Tong et al., 2010; Tong et al., 2011; Gong et al., 2012; Fang et al., 2018; Chen et al., 2020). Kushen mainly contains the components matrine and oxymatrine, which are active ingredients against UC with significant inhibitory effects on invasive microbial populations such as Escherichia coli and Proteus mirabilis, as well as immunosuppressive effects against IL-1β and IL-17 in the intestinal epithelium (Lin et al., 2019; Xu et al., 2019; Ding et al., 2020). Based on these findings, meta-analysis and network pharmacology approaches were conducted to examine the published efficacies of Kushen-based TCM formulations compared to 5-ASA in the treatment of UC, detect and identify potential pathways of Kushen against UC with DHAS, and provide evidence-based scientific support for UC treatment in clinical practice (Figure 1).
[image: Figure 1]FIGURE 1 | Clinical evidence and potential mechanism of Kushen for the treatment of (ulcerative colitis) UC with (damp-heat accumulation syndrome) DHAS.
DATA AND METHODS
Inclusion and Exclusion Criteria for Studies
Selection of Studies
A systematic literature search was performed to identify randomized controlled trials (RCTs) that involved the use of Kushen-based TCM formulations alone or in combination with 5-ASA for the treatment of UC with DHAS. No exclusion criteria were defined for the publication language of the articles. Computer searches were performed in PubMed, EMBASE, Chinese Biomedical Literature (CBM) database, China National Knowledge Infrastructure (CNKI) database, Chongqing VIP Information (CQVIP) database, and Wanfang Database for the retrieval of relevant articles published from January 2000 up to July 2020. The search keywords we used included “UC” AND (“Sophora flavescens” OR “Radix Sophorae flavescentis” OR “kushen” OR “TCM”) AND (“randomized” OR “randomised” OR “RCT”), and the search strategy was confirmed after multiple preliminary searches.
Inclusion and Exclusion Criteria
Studies were required to fulfill the following inclusion criteria to be part of the meta-analysis: 1) studies with a prospective randomized controlled trial design; 2) studies that included UC patients whose clinical presentations, colonoscopy results, and mucosal biopsy results follow the diagnostic criteria stated in the Third European Evidence-based Consensus on Diagnosis and Management of UC (Magro et al., 2017); and 3) studies that included patients who fulfilled the criteria for the diagnosis of UC with DHAS under the Consensus on the Diagnosis and Treatment of UC in TCM (2017) (Zhang et al., 2017). Furthermore, the following exclusion criteria were set: 1) non-RCTs; 2) studies that included subjects with a history of infectious colitis, Crohn’s disease or colon tumors, severe complications such as intestinal obstruction, intestinal perforation or toxic megacolon, or other severe systemic diseases; 3) studies in which the baseline data of the observational and control groups were different and non-comparable; 4) articles from which remission rates or adverse events could not be acquired; 5) studies with a sample size <50.
Intervention
In the selected studies, the treatment regimen for the control group consisted of conventional 5-ASA for fever and pain relief. Interventions for the treatment group consisted of Kushen-based formulations in any form, including oral and rectal administration.
Data Screening and Extraction
Two researchers (Dr. Ding and Dr. Chen) independently retrieved articles from the databases under the inclusion and exclusion criteria described above and extracted the following data from each article: authors’ names, date of publication, intervention method, the composition of TCM formulation, routes of administration, remission rate, and adverse drug reactions. Disagreements in the included studies were resolved by cross-checking and discussion between the two researchers, seeking the opinion of a third researcher (Prof. Tong), or contacting the authors as necessary.
Assessment of the Risk of Bias of Included Studies
The risk of bias of the included RCTs in the aspects of randomization, allocation, and loss to follow-up were assessed following the Cochrane Handbook for Systematic Reviews of Interventions (Cumpston et al., 2019). Each risk of bias item was rated as “Yes” (low risk of bias), “No” (high risk of bias), or “Unclear” (lack of relevant information or unclear risk of bias). The two review authors (Dr. Ding and Dr. Chen) independently assessed the risk of bias in the included studies based on the following characteristics: randomized sequence generation, treatment allocation concealment, blinding, completeness of outcome data, selective outcome reporting, and other sources of bias. Disagreements between the review authors over the risk of bias in specific studies were resolved by discussion, with the involvement of a third review author (Prof. Tong) as needed.
Types of Outcome Measures
The primary outcome indicator of the included studies was clinical remission after treatment, which was defined as a total Mayo score of ≤2, with no sub-score ≥1 and a rectal bleeding sub-score of 0. Alternatively, the reported clinical remission rates were assessed based on the diagnostic criteria. The secondary outcome was the clinical response, Chinese medical syndrome scores, Mayo (endoscopy) scores, and incidence of adverse events. Clinical response was evaluated in terms of basic or complete disappearance of clinical symptoms. Adverse events during the intervention period included infections that required treatment, hospitalization or surgery, or death.
Statistical Analysis
The meta-analysis was performed with RevMan 5.3.5 (The Cochrane Collaboration) using the risk ratio (RR) and mean differences (MD). If heterogeneity (I2 > 50%) existed between different treatment groups in the included studies, the random-effects model was adopted for the calculation of overall mean differences and the corresponding 95% confidence intervals. Otherwise, calculations were performed using the fixed-effects model. Differences were considered statistically significant when p < 0.05.
Mechanisms of Network Pharmacology of Kushen Against Ulcerative Colitis With Damp-Heat Accumulation Syndrome
All components in Kushen were retrieved from the TCM Systems Pharmacology (TCMSP) database (Ru et al., 2014). Candidate component properties with a drug-likeness (DL) index ≥0.18 and oral bioavailability (OB) ≥30%, were selected in the present study to explore the potential bioactive components of Kushen (Wang P. et al., 2019; Guo et al., 2019). The corresponding targets of the bioactive components in Kushen were retrieved with further importation into the DrugBank database, and the data for UC-related target genes were identified from the GeneCards database (Gan et al., 2019). Target genes with a relevance score ≥1 were screened to be notable UC-associated expression targets (Wang et al., 2020). Then, the TCM syndrome of DHAS, including main TCM symptoms such as, “Fa Re” (Fever), “Fu Tong” (Abdominal Pain), “Fu Xie” (Diarrhea), “Fu Zhang” (Dilation), and “Kou Gan” (Xerostomia), were submitted to the SymMap database for transcription of their corresponding target genes (Wang T. et al., 2019).
The Component-Target (C-T) network of Kushen against UC/DHAS was established by using the Cytoscape v.3.7.0 software (Reimand et al., 2019). The features of the degrees were recognized as a critical parameter of the “Network Analyzer” tool for screening core nodes in the C-T network. Additionally, the common set of targets between Kushen and UC-related/DHAS-related targets derived from the previous identification were submitted to the STRING database for protein-interaction network mapping, and predicted direct and functional target genes in medium confidence (PPI score ≥0.4) were collected to establish PPI networks of UC-related and DHAS-related targets (Martin et al., 2010; Wang P. et al., 2019).
All the candidate components and genes were further assessed via pathway enrichment analysis (Kyoto Encyclopedia of Genes and Genomes, KEGG). The system R3.5.0 was utilized to detect the potential pathways of candidate genes of UC-related and DHAS-related targets. The top 20 terms of both highly enriched pathways were imported into Cytoscape for visualization of the Component-Target-Pathway (C-T-P) network of Kushen against UC/UC with DHAS. The “Network Analyzer” function of Cytoscape was also employed for exploration of the key targets, components, and pathways with the greatest degrees.
RESULTS
Results of Literature Search
A total of 1,108 articles were returned by the preliminary search. The title, abstract, and introduction of each article were read to exclude reviews, case reports, animal experiments, duplicate articles, and other articles that did not fulfill the inclusion and exclusion criteria. After the full text of the 22 articles that were preliminarily included had been read, eight published RCTs were ultimately included in the meta-analysis (Tong et al., 2010; Qu, 2011; Tong et al., 2011; Gong et al., 2012; He et al., 2012; Chen and He, 2014; Zhang et al., 2015; Zhao, 2017). The flow diagram and results of the literature screening and study selection process are shown in Figure 2 and Table 1.
[image: Figure 2]FIGURE 2 | Flow diagram of the literature screening and study selection.
TABLE 1 | Characteristics of included studies.
[image: Table 1]General Data of Included Studies
A total of 983 subjects were included in the selected RCTs. There were no differences in the baseline data of the treatment and control groups. The treatment regimens for the control and treatment groups were conventional Western drugs (5-ASA) and Kushen-based TCM formulations, respectively. Among all included trials, Kushen-based TCM formulations were prescribed with direct action on the local target tissues of the colon by oral administration of colon enteric-coated capsules (4 trials) or enema administration (4 trials). The general data of the included studies and the components and types of the TCM formulations used are detailed in Tables 1, 2. Subjects were randomized in all eight studies, and the strict enforcement of allocation concealment to ensure proper randomization was mentioned in three reports (Tong et al., 2010; Tong et al., 2011; Gong et al., 2012). Figure 3 shows the results of the risk of bias assessment.
TABLE 2 | Data regarding Kushen-containing TCM formulations.
[image: Table 2][image: Figure 3]FIGURE 3 | Risk of bias summary.
Clinical Remission Rates of the Treatment and Control Groups
The comparisons of clinical remission rates between the treatment and control groups were reported in all the included studies (Tong et al., 2010; Qu, 2011; Tong et al., 2011; Gong et al., 2012; He et al., 2012; Chen and He, 2014; Zhang et al., 2015; Zhao, 2017). There was no significant heterogeneity among the various studies (Chi2 = 13.86, p = 0.05, I2 = 49%). Results obtained with the fixed effects model indicate that the efficacy achieved in the treatment groups was significantly higher than those of the control groups (RR = 1.20, 95% CI [1.04, 1.38], p = 0.02, Figure 4).
[image: Figure 4]FIGURE 4 | Forest plot for the meta-analysis of clinical remission rates.
Clinical Response Rates of the Treatment and Control Groups
The comparisons of clinical response rates between the treatment and control groups were reported in all the included studies (Tong et al., 2010; Qu, 2011; Tong et al., 2011; Gong et al., 2012; Chen and He, 2014; Zhao, 2017). There was no significant heterogeneity among the various studies (Chi2 = 6.48, p = 0.26, I2 = 23%). Results obtained with the fixed effects model indicate that clinical response rates of the treatment groups were significantly higher than those of the control groups (RR = 1.09, 95% CI [1.01, 1.17, p = 0.02, Figure 5).
[image: Figure 5]FIGURE 5 | Forest plot for the meta-analysis of Clinical response rates.
Chinese Medical Syndrome Scores of the Treatment and Control Groups
Chinese medical syndrome scores were provided in three studies (Tong et al., 2011; He et al., 2012; Zhao, 2017). As no heterogeneity was found (Chi2 = 3.99, p = 0.14), the fixed effects model was employed. Results indicate that Chinese medical syndrome scores of the treatment groups were lower than those of the control groups (MD = −2.66, 95% CI [−3.14, −2.19, p < 0.00001, Figure 6).
[image: Figure 6]FIGURE 6 | Forest plot for the meta-analysis of Chinese medical syndrome scores.
Mayo (Endoscopy) Scores of the Treatment and Control Groups
Mayo (endoscopy) scores were provided in two studies (He et al., 2012; Zhao, 2017). No heterogeneity was found (Chi2 = 2.47, p = 0.12) across the studies, and results obtained with the fixed effects model indicate that Mayo (endoscopy) scores of the treatment groups were lower than those of the control groups (MD = −1.14, 95% CI [−1.28, −0.99, p < 0.00001, Figure 7).
[image: Figure 7]FIGURE 7 | Forest plot for the meta-analysis of Mayo (endoscopy) scores.
Adverse Events of the Treatment and Control Groups
The occurrence or non-occurrence of adverse events after treatment was reported in all studies. Non-occurrence of adverse drug reactions was reported in two studies (Qu, 2011; Chen and He, 2014), and a total of 72 adverse events were reported in the other six studies (Tong et al., 2010; Tong et al., 2011; Gong et al., 2012; He et al., 2012; Zhang et al., 2015; Zhao, 2017), with 44 occurring in the treatment groups and 28 in the control groups. Adverse events of the treatment groups included nausea, fatigue, abdominal pain, pain around the anus, indigestion, drug prototype discharge, pyrexia, mild indigestion, and menstrual disorders. Adverse events of the control groups included fatigue, insomnia, nausea and vomiting, pruritus, and a mild elevation of ALT. Severe adverse events were not reported in all studies. Furthermore, there was no significant heterogeneity among the various studies (Chi2 = 8.13, p = 0.15, I2 = 39%). Results obtained with the fixed-effects model indicate that the adverse drug reaction rate of the treatment groups was lower than that of the control groups (RR = 0.63, 95% CI [0.39, 1.01], p = 0.06, Figure 8).
[image: Figure 8]FIGURE 8 | Forest plot for the meta-analysis of adverse drug reaction rates.
Analysis of the Mechanisms of Network Pharmacology of Kushen Against Ulcerative Colitis With Damp-Heat Accumulation Syndrome
A total of 22 candidate bioactive components from Kushen were obtained from the TCMSP database (Table 3). About 201 component-target relationship data were detected from the Drugbank database (Supplementary Table S1), and 1,949 human target genes associated with UC were collected from the GeneCards database (relevance score ≥1, Supplementary Table S2). After the intersection, 63 consensus genes were found as potential therapeutic targets of Kushen against UC. Simultaneously, 463 human genes related to UC with DHAS TCM symptoms were retrieved from the SymMap database (Supplementary Table S3). Finally, 10 potential therapeutic targets of the common set of Kushen targets and UC with DHAS targets, together with the previous 63 consensus targets of Kushen against UC, were submitted to Cytoscape for the C-T network establishment (Figures 9A).
TABLE 3 | Chemical properties of the components of Kushen with OB ≥ 30% and a DL index ≥0.18.
[image: Table 3][image: Figure 9]FIGURE 9 | Overlapping targets of Kushen against (ulcerative colitis) UC and (damp-heat accumulation syndrome) DHAS related genes. (A) The number of common sets of targets between Kushen with UC and DHAS related targets were shown in the Venn diagram. There were 99 targets related to Kushen, 378 targets related DHAS, and 1949 targets related to UC. UC-related targets of Kushen shared 63 common targets, and DHAS shared 10 targets simultaneously. (B) The C-T network of Kushen against UC and DHAS-related targets containing 91 nodes and 292 edges. The yellow vees represent components of Kushen, the blue octagons represent the five TCM symptoms of UC with DHAS, the red diamond represents the disease UC, and the green ellipses represent the targets.
The C-T network contained 91 nodes (22 components, 63 gene targets, and six disease labels) and 292 edges, indicating the component-target interactions of Kushen against UC/UC with DHAS TCM symptoms (Figures 9B). Five main bioactive components were identified to occupy a crucial position in this network, with node degrees higher than 10, including quercetin, luteolin, matrine, formononetin, and phaseolin (Table 4). Meanwhile, the 63 UC-related targets and 10 UC with DHAS TCM symptoms targets regulated by Kushen were submitted to the STRING database for generation of the protein interactions and construction of PPI network, where 61 UC-related targets and nine DHAS-related targets were predicted with medium confidence with a calculated interaction confidence score ≥0.4. New PPI networks were constructed after the DHAS and UC targets were separately submitted into Cytoscape (Figures 10A,B). Among the DHAS-related targets of Kushen, interleukin-6 (IL-6) was identified as the major target with top node degrees via Network Analyzer. Meanwhile, the top three target genes of Kushen against UC, detected with the greatest degrees, were vascular endothelial growth factor A (VEGFA), Caspase-3 (CASP3), and IL-6. The detailed results are shown in Tables 5, 6.
[image: Figure 10]FIGURE 10 | PPI networks of (ulcerative colitis) UC and UC with (damp-heat accumulation syndrome) DHAS related targets. (A) The PPI network of target genes from Kushen against UC with DHAS related targets. (B) The PPI network of target genes from Kushen against UC-related targets. The ellipse nodes represented targets, and the colors of nodes were illustrated from blue to orange in descending order of degree values.
TABLE 4 | Top five components of Kushen in degrees from Network Analyzer.
[image: Table 4]TABLE 5 | The topological parameters of UC with DHAS targets of Kushen from the String database (Top 10 in degrees).
[image: Table 5]TABLE 6 | The topological parameters of UC targets of Kushen from the String database (Top 10 in degrees).
[image: Table 6]KEGG pathway enrichment analyses were performed using R3.5.0. Among the 103 enriched KEGG pathways of UC-related targets that met the requirements of Adjust p-Value < 0.05, the top 10 enriched pathways with higher Gene Ratio values were shown in Table 7. The top enriched pathways were further integrated into a Components-Targets-Pathways network analysis (Figure 11), and quercetin (degree = 69, component), IL6 (degree = 44, gene), PRSS1 (degree = 44, gene), CCND1 (degree = 37, gene), luteolin (degree = 31, component), BCL2 (degree = 30, gene), ICAM1 (degree = 30, gene), MYC (degree = 29, gene), PI3K-Akt signaling pathway (degree = 20, pathway), and Kaposi sarcoma-associated herpes virus infection (degree = 19, pathway) were indicated to be the top 10 core nodes of components, target genes, and pathways (Supplementary Table S4). The PI3K-Akt signaling pathway has appeared in the common set of UC/UC with DHAS with greatest degrees in the pathway and was inferred as the key potential therapeutic pathway of Kushen against UC with DHAS.
TABLE 7 | Detailed information of Kushen-related KEGG pathways against UC targets (Top 10 in Gene Ratio).
[image: Table 7][image: Figure 11]FIGURE 11 | Components-targets-pathways network of Kushen. The top 20 enriched KEGG pathways of (ulcerative colitis) UC and UC with (damp-heat accumulation syndrome) DHAS were integrally submitted to Cytoscape for Kushen C-T-P network constructions with nine common pathways of UC and DHAS, 11 unique UC-related pathways, and 11 unique DHAS-related pathways. The yellow, pink, and blue vees represent pathways of unique UC-related pathways, common pathways, and unique DHAS-related pathways, respectively. The red, blue, yellow, and green ellipses represent the disease UC, the TCM symptoms of DHAS, components of Kushen, and targets of Kushen, respectively.
DISCUSSION
UC is a disease featuring immunological disorders in the intestinal tract caused by chronic intestinal inflammation, characterized by recurring episodes of inflammation and a relatively long disease course. It is currently believed that a key factor in the onset and development of UC is immune dysfunction in the intestinal mucosa, which was widely recognized as being associated with multiple cellular immune responses and dysbiosis (Eisenstein, 2018). However, conventional therapies might lead to poor effects on multiple pro-inflammatory targets, pathways, and the safety of UC patients; thus, in recent decades, plenty of Chinese herbs were employed for the treatment of intractable UC (Chudnovskiy et al., 2016; Cao et al., 2019).
Based on the TCM theory, UC consists of several types of TCM syndromes, most of which (34.8%) are for the DHAS, and Kushen (Radix Sophorae flavescentis) is a standard herb for the treatment of UC with DHAS (Ye et al., 2010). DHAS, a standard TCM syndrome (“Zheng” in Chinese), is defined as the accumulation of damp-heat TCM pathogen in the large intestine, ultimately leading to the obstruction of internal transportation (Lu and Cong, 2012; Chen et al., 2018). DHAS is derived from the conversion of external pathological substances into moisture and heat, resulting in colitis and mucosal injury when accumulated in the gastrointestinal tract (Ye et al., 2010). DHAS is therefore determined as a biased constitution that needs to be eliminated and regulated for the successful treatment of UC (Wang et al., 2019a).
Kushen is a kind of Chinese herbal medicine commonly used to treat UC with DHAS that exerts extensive influence in anti-inflammatory, immunosuppression, and antibacterial functions (Holleran et al., 2020). Studies have shown that matrine, a major component of Kushen, possesses broad-spectrum antibacterial effects. When used in vitro, Kushen can inhibit E. coli, P. mirabilis, and Aerobacter species, with its inhibitory effects being superior compared to the effects of chloramphenicol. Other experiments have shown that Kushen used in vivo can significantly reduce the number of invasive microbial populations in the intestines of mice, thereby lowering animal mortality caused by E. coli and Clostridium perfringens type B. Besides, Kushen was validated to inhibit NK-1R expression, leading to a reduced secretion of inflammatory cytokines such as IL-1β and IL-8 in cells and the promotion of IFN-γ synthesis (Holleran et al., 2020; Ding et al., 2020). Consequently, this produces certain regulatory effects on abnormal immune responses in the intestinal mucosa. These findings suggest that Kushen-based TCM formulations provide an effective treatment by improving immune dysfunction in the intestinal mucosa, cell immunity, and intestinal flora, which are key links in the pathogenesis of UC with DHAS.
In the present meta-analysis, a total of eight studies were included, among which three were multi-center clinical studies. Kushen-based TCM formulations were delivered site-specifically to the disease focus of UC directly in all included trials (four studies utilized oral colon enteric-coated capsules, four studies utilized enema administration). Results of the analysis showed that Kushen-based TCM formulations used alone or in combination with 5-ASA for the treatment of UC with DHAS led to a significantly higher clinical remission rate and lower incidence of adverse events in the treatment groups than in the control groups.
However, among the eight studies analyzed in this work, it should be noted that only three had clearly stated the enforcement of blinding, allocation concealment, and the reasons for subject withdrawal. Other articles were of lower quality as blinding and subject withdrawal had not been reported. Moreover, the result of clinical remission rates showed relatively high heterogeneity (p = 0.05, I2 = 49%), which may be attributed to several reasons. First, clinical diagnosis and treatment by TCM practitioners require the combination of clinical diagnosis and TCM syndrome differentiation. Moreover, most of the studies included in our analysis utilized enemas for treatment, which are administered in a significantly different manner compared to oral formulations, such as mesalazine. Therefore, it would have been difficult to perform allocation concealment and blinding. Second, there were fewer studies that reported loss to follow-up and subject withdrawals, and the possibility that a higher number of positive results was due to subjective factors of the patients and investigators could not be ruled out. Finally, all of the included studies had small sample sizes and did not provide details on sample size estimation, which decreased the statistical power of the analyses.
Based on the evidence of this meta-analysis, a network pharmacology approach was employed to illuminate the exact mechanism underlying the effects of Kushen on UC with DHAS with multiple components and targets. Based on the data retrieved from the SymMap and GeneCards database, quercetin, luteolin, matrine, formononetin, and phaseolin from Kushen were detected to play a key role in the treatment of DASH-UC with higher degrees. Nevertheless, targets of VEGFA, CASP3, IL6, EGFR, ESR1, MYC, CCND1, ERBB2, FOS, and MDM2 all played an important role in Kushen against UC with DHAS as the common genes with top 10° in the PPI networks. The above components and the cytokines of Kushen could perform critical roles in acute inflammation regulation/pro-inflammatory induction (Hong and Piao, 2018; Wu et al., 2018; Wang C. et al., 2019; Zhu et al., 2019). Therefore, the main bioactive components of Kushen may ameliorate UC with DHAS through internal intercellular mechanisms of pro-inflammatory cytokines, inflammatory pathways, and intestinal mucosa protection. By the Network Analyzer on C-T-P network, PI3K-Akt signaling was identified as the top core node of the pathways in Kushen against UC with DHAS with the greatest degrees. As an important signal transduction pathway, PI3K-Akt signaling is involved in the release of multiple pro-inflammatory cytokines, such as NF-κB, IL-6, and IL-17, which could control key cellular processes involved in the immune inflammatory response in UC once activated by Akt, indicating that Kushen may have an anti-inflammatory effect on UC with DHAS through PI3K-Akt signaling and its downstream pathways by acting on these target genes (Li et al., 2019).
To the best of our knowledge, this was the first attempt to track targets of UC with DHAS for further analysis of its interaction with herbal bioactive components. This analysis was based on a recently presented database, SymMap, which integrates TCM with modern medicine both at the molecular and phenotypic levels (Wang et al., 2019b; Wu et al., 2019). By integrating the meta-analysis and network pharmacology analysis, we successfully identified the efficacies of Kushen-based TCM formulations and the potential characteristic targets of Kushen against UC with DHAS.
However, besides quality of evidence, several other limitations are included in the present study. First, some possibilities may exist that the supplementary herbal medicines (prescribed for secondary syndromes treatment or toxicity reduction with small dosage) in the Kushen-based TCM formulations may exert positive effects. Second, pharmacology analysis was mainly employed to show a synergistic action of herbal chemical components acquired through existing databases rather than experimental verification, which needs further validation in future research.
CONCLUSION
In conclusion, Kushen-based TCM formulations provide good efficacy and possess great potential in the treatment of UC. A major pathway (PI3K-Akt signaling pathway) of Kushen against DASH-UC was predicted from the results of network pharmacology analysis. This study presented an effective Chinese herbal medicine, Kushen, for UC with DHAS treatment, with a new prospect integrating meta-analysis and network pharmacology investigation for exploring the actual efficacies and mechanisms between diseases and TCM syndromes in more detail.
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