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Ulcerative colitis (UC), characterized by syndromes including abdominal pain, bloody stool, diarrhea, weight loss, and repeated relapse, is a non-specific inflammatory intestinal disease. In recent years, with the changing dietary habits in China, the incidence of UC has shown an upward trend. UC belongs to the category of recorded as “diarrhea,” “chronic dysentery,” and “hematochezia” in traditional Chinese medicine (TCM), and Shenling BaiZhu powder (SLBZP) is one of the most effective and commonly used prescriptions. In this review, we aim to systematically summarize the clinical application and pharmacological mechanism of SLBZP in the treatment of UC to provide a theoretical basis for its clinical use and experimental evaluation of SLBZP. Our results showed that both SLBZP and SLBZP in combination with chemical drugs, have a significant therapeutic effect against UC with few adverse reactions. Furthermore, combined therapy was better than western medicine. Further, pathophysiological studies indicated that SLBZP has anti-inflammatory, immunomodulatory, antioxidant effects, regulation relative cell signal transduction and regulation of gut microbiota. Although evidence suggests superior therapeutic efficacy of SLBZP for treating UC and the relative mechanism has been studied extensively, various shortcomings limit the existing research on the topic. There is a lack of UC animal models, especially UC with TCM syndromes, with no uniform standard and certain differences between the animal model and clinical syndrome. The dosage, dosage form, and therapeutic time of SLBZP are inconsistent and lack pharmacological verification, and clinical trial data are not detailed or sufficiently rigorous. In addition, SLSZP is composed of multiple Chinese drugs that contain massive numbers of ingredients and which or several components contribute to therapeutic effects. How they work synergistically together remains unknown. Therefore, on the one hand, large sample prospective cohort studies to clarify the clinical efficacy and safety of SLBZP in the treatment of UC are needed. In contrast, researchers should strengthen the study of the molecular biological mechanism of active ingredients and its synergistic actions, clarifying the mechanism of SLBZP in treating UC by multi-component, multi-target, and multi-pathway.
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1. INTRODUCTION
Ulcerative colitis (UC) is a non-specific inflammatory intestinal disease typically characterized by inflammation of the mucosa and submucosa of the rectum and colon (Ungaro et al., 2017). The primary clinical symptoms of UC include abdominal pain, bloody stools, diarrhea, weight loss, and repeated relapse and remission, which seriously affects the quality of life (Ungaro et al., 2017). Currently, the pathogenesis of UC is not adequately clarified and is considered to be associated with the genetic background, environmental factors, and immune dysregulation. In recent years, with changing dietary habits and lifestyle, the incidence of UC has increased in both developed and developing countries, for example in China (Kobayashi et al., 2020). Current treatments of UC mainly include pharmacotherapy and surgical treatment. The therapeutic options include corticosteroids, aminosalicylates, immunosuppressives, such as mesalazine, 5-aminosalicylates, sulfasalazine. Although these drugs could improve symptoms in patients with UC, long-term treatment can lead to vomiting and other adverse effects, resulting in poor compliance. Therefore, there is an urgent need to identify highly efficient drugs with less adverse effects to treat UC.
Traditional Chinese medicine (TCM) as a treatment option is widely used to manage UC. In recent years, numerous studies have confirmed that TCM has been characterized by multi-component, multi-target, and multi-pathway approaches for treating UC and does not carry side effects (Liu et al., 2022a). UC has not been defined in the classics of TCM, and UC falls under the category of “diarrhea,” “chronic dysentery,” and “hematochizia” in TCM(Liu et al., 2021a). With syndrome differentiation, TCM divides UC into seven categories: large intestine damp-heat type, heat toxin type, spleen deficiency and dampness type, cold-heat complex pattern type, liver depression and spleen deficiency type, spleen and kidney Yang deficiency type, and deficiency of both blood and yin type (Zhang et al., 2017). The spleen deficiency and dampness type is the common category of UC, and Shenling BaiZhu powder (SLBZP) is one of the effective remedies used for its treatment (Ma et al., 2019).
SLBZP is a TCM compound commonly used in Chinese clinical practice, originally documented in the Song Dynasty “Taiping Huimin Hejiju Fang” (Yang, 2018). The formula is composed of Atractylodes macrocephala Koidz. (Bai Zhu), Poria cocos (Schw.) Wolf (Fu Ling), Glycyrrhiza uralensis Fisch. (Gan Cao), Platycodon grandiflorum (Jacq.) A. DC. (Jie Geng), Panax ginseng C.A.Mey. (Ren Shen), Amomum villosum Lour. (Sha Ren), Dioscorea opposita Thunb. (Shan Yao), Coix lacryma-jobi L. var. mayuen (Roman.) Stapf (Yi Yi Ren), Nelumbo nucifera Gaertn. (Lian Zi) and Dolichos lablab L. (Bai Bian Dou), and stopping diarrhea, SLBZP has long been used to treat digestive system disease in clinical practice. Additionally, SLBZP is also used to treat disease such as chronic obstructive pulmonary disease (Mao et al., 2021a), non-alcoholic fatty liver disease (Zhang et al., 2018), diabetes (Zhou et al., 2019). Recently, numerous clinical and experimental studies have reported the efficacy and mechanism of SLBZP in the treatment of UC(Ma et al., 2019; Chen et al., 2020; Li et al., 2021a; Li et al., 2021b).
However, further in-depth research on SLBZP for the treatment of UC is needed, focusing on the molecular and cellular mechanism of action with more exhaustive pharmacological studies to substantiate the efficacy of this TCM. This review highlights the studies on the pharmacological properties and clinical applications of SLBZP for the treatment of UC. This review may help expand the application of SLBZP to treat UC in clinical practice, and also provide the reference for further study of classical formulas. Moreover, the review of pharmacological effects of single Chinese herb and its active ingredients from SLBZP for UC performed in this study, which may help clarify the effective ingredients and their synergistic actions when formulated in SLBZP.
2 ULCERATIVE COLITIS AND SHENLING BAIZHU POWDER
2.1 Understanding of UC in TCM
Combining with UC clinical manifestations, including abdominal pain, diarrhea, mucus pus, bloody stool, and tenesmus, UC belongs to the “diarrhea,” “chronic dysentery,” and “hematochezia” category in TCM(Zhang, 2010). Since UC is a chronic disease with recurrence, “chronic dysentery” can describe UC more precisely. Practitioners of TCM believe that the pathogenetic basis of UC is the deficiency of spleen qi, and the primary triggers include invasion of external evils, internal injury of emotions, improper diet, and stress (He et al., 2012a). The active phase of UC resembles the TCM excessive syndrome, and the primary pathogenesis is the intestinal accumulation of damp-heat and disturbance of qi and blood. The pathogenesis of severe UC is heat-toxic and stagnant heat, and refractory UC with relapse should be blood stasis and turbid phlegm. In remission periods, spleen deficiency is the primary pathogenesis of UC (Liu et al., 2021b). Based on the clinical manifestations and “dialectical treatment” of TCM outcomes, UC is classified into seven subtypes: large intestinal damp-heat syndrome, heat toxin syndrome, spleen deficiency and dampness syndrome, cold-heat complicated syndrome, liver depression and spleen deficiency, spleen and kidney yang deficiency, and yin and blood deficiency syndrome (Zhang et al., 2017). The process for the diagnosis and treatment of UC is shown in Figure 1.
[image: Figure 1]FIGURE 1 | The processes of diagnosis and treatment of UC.
2.2 Shenling Baizhu powder
SLBZP is composed of 10 Chinese herbal drugs, including Atractylodes macrocephala Koidz., Poria cocos (Schw.) Wolf, Glycyrrhiza uralensis Fisch., Platycodon grandiflorum (Jacq.) A. DC., Panax ginseng C.A.Mey., Amomum villosum Lour., Dioscorea opposita Thunb., Coix lacryma-jobi L. var. mayuen (Roman.) Stapf, Nelumbo nucifera Gaertn. and Dolichos lablab L., which are mainly targeted at spleen deficiency and dampness syndrome. Additionally, SLBZP is a representative prescription of “supplementing spleen to nourish lung” and can be used to treat cough and asthma caused by lung deficiency. The use of SLBZP is widespread in clinical practice and embraces internal medicine, surgery, and postoperative recovery (Lu et al., 2022). Currently, SLBZP is commonly employed to prevent and treat various diseases including UC, irritable bowel syndrome, diabetic gastroenteropathy, diabetic nephropathy, chronic obstructive pulmonary disease, allergic rhinitis, otitis media, non-alcoholic fatty liver disease (Zhang et al., 2018; Ma et al., 2019; Mao et al., 2021b), and in disease mainly involving digestive system, respiratory system, endocrine system, and skin diseases. As showed as in Figure 2.
[image: Figure 2]FIGURE 2 | Composition of prescription, clinical applications and therapeutic effects of SLBZP.
SLBZP is modified by Sijunzi Tang and comes from the “Taiping Huimin Hejiju Fang” (Song Dynasty) (Yang, 2018). In this prescription, Atractylodes macrocephala Koidz., Poria cocos (Schw.) Wolf, and Panax ginseng C.A.Mey., are the sovereign drugs, which can strengthen the spleen and eliminate dampness. As minister drugs, Dioscorea opposita Thunb. and Nelumbo nucifera Gaertn can help sovereign drugs strengthen the spleen, tonify the qi, and relieve diarrhea; Coix lacryma-jobi L. var. mayuen (Roman.) Stapf and Dolichos lablab L. can help sovereign drugs strengthen the spleen and excrete dampness. Amomum villosum Lour. and Platycodon grandiflorum (Jacq.) A. DC. are the assistant drugs; the former can enliven the spleen and regulate the stomach, promote qi, and relieve dyspepsia, and the latter can diffuse lung and facilitate qi, regulate waterways, take herbs bottom-up, and supplement spleen to nourish the lung. Glycyrrhiza uralensis Fisch., as the envoy drug, can invigorate the spleen and stomach and coordinate the drug’s actions (Ma et al., 2019). Based on the interactions of these medicines, SLBZP exerts the effects of tonifying the stomach and spleen, eliminating dampness and promoting qi, to achieve the aim of treating disease. Modern pharmacological studies have shown that SLBZP has anti-inflammatory (Sun et al., 2020a), antioxidant (Xiong et al., 2021), and immunomodulatory (Li et al., 2014a) effect. It helps regulate gut microbiota (Mao et al., 2021a) and gastrointestinal motility (Lv et al., 2022) and also has anti-tumor (Chen et al., 2018a) potential. Generally, SLBZP is composed of mixed powders of 10 drugs in definite proportions (Panax ginseng C.A.Mey.: Poria cocos (Schw.) Wolf: Atractylodes macrocephala Koidz.: Dioscorea opposita Thunb.: Dolichos lablab L.: Nelumbo nucifera Gaertn: Coix lacryma-jobi L. var. mayuen (Roman.) Stapf: Platycodon grandiflorum (Jacq.) A. DC.: Glycyrrhiza uralensis Fisch. = 100: 100: 100: 100: 75: 50: 50: 50: 50: 100) and is to be consumed orally 2–3 times a day at a dose of 3–9 g (Ma et al., 2019).
3 CLINICAL RESEARCH OF SLBZP IN TREATMENT OF UC
In the clinical prevention and treatment of UC, SLBZP can regulate immune function, decrease pro-inflammatory factors, increase anti-inflammatory factors, and regulate oxidative stress and the balance of gut microbiota (Ma et al., 2019). Additionally, SLBZP can reduce the MMP-2 and MMP-9 levels and ameliorate intestinal mucosal permeability (Wang, 2016). SLBZP, in combination with chemical drugs (such as mesalazine and sulfasalazine) and prescriptions (such as Tong Xie Yao Fang and Sishen pills), is generally prescribed in the current clinical practice. Studies indicated that SLBZP could enhance the therapeutic effects of chemical drugs and reduce side effects and recurrence rates (Xu et al., 2018; Tian et al., 2019). Moreover, powder and decoction are the most commonly used pharmaceutical dosage form of SLBZP, and there are fewer examples of SLBZP pills. Representative clinical studies and its pharmacological data including groups, dosage, treatment time and therapeutic effect are shown in Table 1.
TABLE 1 | Overview of clinical studies of SLBZP.
[image: Table 1]3.1 Monotherapy
Clinical research has shown that both SLBZP and flavored SLBZP can significantly alleviate the symptoms in UC patients, including diarrhea, abdominal pain, and hematochezia, without significant adverse reactions. Moreover, SLBZP has fewer adverse reactions and better efficacy than chemical drugs. Studies showed that the combined efficacy of SLBZP was significantly higher than sulfasalazine (Ren, 2010; Qin, 2012; Xie et al., 2015). For example, among 150 patients with UC, 75 cases were given SLBZP (treatment group, 1 dose per day, decocted in water, twice daily), while another 75 were treated with sulfasalazine (control group, sulfasalazine, 0.5, 4 times a day), 1 month is a course of treatment, both groups were given medication for 2 courses before reexamination of colonoscopy. The results showed that the total efficiency in treatment group (96.4%) was better than that in control group (80.4%) (Qin, 2012). In another study, 106 cases with UC randomly divided into treatment group (SLBZP, 1 dose per day, decocted in water, twice daily) and control group (sulfasalazine, 1 g, 4 times a day) for 8 weeks. The total effective rate of treatment in the treatment group was higher than the control group, and the recurrence rate in the treatment group was considerably lower than sulfasalazine (Xie et al., 2015). Meanwhile, researchers also compared the efficacy of SLBZP and mesalazine for use in UC(He, 2014; Quan and Tan, 2017; Yang, 2017; Yang et al., 2021). For instance, 48 cases with UC randomly divided into treatment group (SLBZP, according to the prescription powder the herbs and mixed, 6 g each dose, 3 times a day) and control group (mesalazine, 1 g/time, 4 times a day) for 90 days. The total effective rate of treatment in the treatment group (91.67%) was higher than the control group (70.83%) (He, 2014). In addition, flavored SLBZP (1 dose per day, decocted in water, twice daily) could decrease the levels of IL-17, TNF-α, IL-23, CRP, and ESR and increase the levels of IL-10 in UC patients, and these effects were superior to mesalazine (1 g/time, 4 times a day) (Xu, 2021). Furthermore, flavored SLBZP (1 dose per day, decocted in water, twice daily) could promote the growth of probiotics and inhibit the proliferation and colonization of pathogenic bacteria by improving the intestinal microecological environment and protecting intestinal mucosa (Yang et al., 2021). Similarly, several studies indicated that the therapeutical effects of flavored SLBZP (1 dose per day, decocted in water, twice daily) were better than other chemical medicines, including domperidone (Sun and Chen, 2014), sulfamethoxazole and tetracycline combination (Tian and Song, 2015), and norfloxacin (Wang, 2019). The above research showed that SLBZP was superior to chemotherapeutics in improving the pathological changes and clinical manifestations of UC by reducing the inflammatory factors and regulating the balance of gut mucosa. However, there are some differences in the treatment time and dosage form of SLBZP, which may affect the results of the evaluation of therapeutical effects. Meanwhile, the mechanism of action underlying SLBZP monotherapy needs further exploration.
3.2 Combination therapy
3.2.1 Combining with chemical drugs
Combination therapy is the most frequently used treatment modality of SLBZP, and mesalazine and sulfasalazine are the most commonly used chemical medicines combined with SLBZP in treating UC. In a trial, 96 cases of UC patients were randomly divided into control group and treatment group, and control group was treated with mesalazine (oral 1 g, 4 times a day) for 8 weeks, while treatment group was treated with the original treatment plan and combined with SLBZP (according to the prescription powder the herbs and mixed, 6 g each dose, 3 times a day) for 8 weeks. Results showed that the total effective rate of treatment in the treatment group was higher than the control group. While some adverse reactions were associated with SLBZP (powder, oral 6 g each dose, 3 times a day) and mesalazine (oral 1 g, 4 times a day) combination treatment, these were not significant (Chen et al., 2013). Meanwhile, numerous studies have now found that combined SLBZP and mesalazine could decrease the levels of CRP, ESR, IL-17, TNF-α, IL-23, IL-1β, IL-18, IL-2, IL-6, IFN-γ and increase the levels of IL-4 (Wei et al., 2013; Ma et al., 2015; Zhou et al., 2018; Tian et al., 2019; Li et al., 2021c). Meanwhile, SLBZP (powder, oral 6 g each dose, 3 times a day) and mesalazine (oral 1 g, 4 times a day) in combination could inhibit the expression of NLRP3, ASC, and caspase-1 mRNA in UC patients (Zhou et al., 2018). Studies showed that SLBZP (flavored SLBZP, 1 dose per day, decocted in water, twice daily) and mesalazine (oral 1 g, 4 times a day) in combination exerted the antioxidant effects by increasing the serum MDA and serum SOD levels (Shi et al., 2018a). Meanwhile, SLBZP (granule/powder, oral 6 g each dose, 3 times a day) and mesalazine (oral 1 g, 3–4 times a day) combination exert immunomodulatory effect by changing the serum IgA and IgM levels as well as the ratio of Th17, Treg, CD4+ T, and CD8+ T cells (Qian and Zhang, 2019; Tian et al., 2019). In addition, SLBZP (powder, oral 6 g each dose, 3 times a day) and mesalazine (oral 1 g, 3–4 times a day) in combination could decrease the serum MMP-2 and MMP-9 levels, ameliorate intestinal mucosa permeability, and improve the symptoms of UC patients (Wang, 2016).
Compared with mesalazine, the side effects of sulfasalazine were commonly observed in clinical practice (Ungaro et al., 2017). However, studies indicated that flavored SLBZP and sulfasalazine in combination could significantly decrease the side effects such as nausea, emesis, and inappetence, which were caused by sulfasalazine alone when treating UC. Among 56 patients with UC, 28 cases were given sulfasalazine (control group, 1 g/time, 4 times a day), while another 28 were treated with the original treatment plan and combined with flavored SLBZP (treatment group, flavored SLBZP, 1 dose per day, decocted in water, twice daily) for 30 days. The results showed that the total efficiency in treatment group was better than that in control group, and flavored SLBZP and sulfasalazine in combination could significantly decrease the side effects such as nausea, emesis, and inappetence, which were caused by sulfasalazine alone when treating UC (Zhang, 2017). Meanwhile, the recurrence rate was significantly lower than sulfasalazine alone (Yang, 2012; Ouyang, 2015; Yu, 2017). Further, SLBZP (pill, oral 6 g each dose, 3 times a day) and sulfasalazine (oral 1 g, 3–4 times a day) in combination could significantly decrease the levels of IL-2 and INF-γ, and increase the levels of IL-10 in older adults with UC(Zhao et al., 2017). Studies showed that SLBZP (1 dose per day, decocted in water, thice daily) and sulfasalazine (oral 1 g, 4 times a day) in combination could improve immune function and reduce inflammatory response by downregulating the levels of IL-6, IL-8, CD8+ T cells and upregulating the levels of CD3+, CD4+, CD4+/CD8+(Xu et al., 2018). In addition, SLBZP (granule, oral 6 g each dose, 3 times a day) and sulfasalazine (oral 1 g, 4 times a day) combination could downregulate the levels of IL-1β, IL-6, IL-8, TNF-α, INF-γ, HIF-α, IGF-1, and MMP-9, the expression of NF-κB p65, β2AR, and β-arrestin 2 protein, in turn, restore the injured intestinal mucosa and achieving therapeutic effects (Chen et al., 2020; Chen and Zhang, 2020).
Furthermore, in combination, SLBZP, lacteol fort, and sulfasalazine could improve the syndromes and promote intestinal mucosal repair, and it has no significant adverse effects (Xiang et al., 2017). Moreover, SLBZP combined with bifid triple viable capsule powder composed of Bifidobacterium, Lactobacillus, and Streptococcus faecalis has also been used to treat UC. Studies indicated that in combination, SLBZP and bifid triple viable capsule powder had good therapeutical effects on UC and were better than sulfasalazine (Zhu, 2012; Ma, 2019).
3.2.2 Combining with TCM prescriptions
Besides using a combination of chemical medicines, some studies have been conducted on the SLBZP combination with other TCM prescriptions for treating UC in the clinic. Studies showed that combining flavored SLBZP with TCM prescriptions such as Taohong Siwu decoction, Tong Xie Yao Fang, and Shaoyao Gancao decoction could improve the syndromes of UC patients and the therapeutic effects were superior to monotherapy with chemical medicines (Zhou, 2009; Li, 2013; Jiang, 2019).
Additionally, the different syndromes of UC patients in TCM, including spleen and kidney yang deficiency syndrome, hot and dampness syndrome, spleen deficiency and dampness syndrome, and liver depression and spleen deficiency syndrome, were respectively treated by combining SLBZP with Sishen pills (Ma, 2021; Shen et al., 2021), Shaoyao decoction (Luo et al., 2014), Gegenqinlian decoction (Zhang et al., 2022a), and Tong Xie Yao Fang (Zhu and Li, 2012). Meanwhile, researchers showed that SLBZP and Sishen pill in combination could significantly decrease CRP and ESR levels, reduce the number of Escherichia coli, decrease the levels of ET, D-lactate, and DAO in serum, and increase the numbers of Bifidobacterium and Lactobacillus, in turn decreasing the inflammatory response and improving the intestinal flora structure and promoting repair of intestinal mucosal barrier (Ma, 2021; Shen et al., 2021).
3.2.3 Combining with enema and acupuncture
Other than oral delivery of therapeutic agents, some studies have examined the combination of SLBZP with enema and acupuncture for treating UC in clinical practice. Treatments involving enema using the kangfuxin liquid (enema, 200 ml, once a day) combined with SLBZP (1 dose per day, decocted in water, twice daily) and mesalazine (oral 1 g, 4 times a day) showed that the effects of combination therapy were better, and the occurrence of adverse reactions was lower than mesalazine alone (Lai et al., 2014; Mu and Xiao, 2016). Meanwhile, combing SLBZP or other prescription enemas, SLBZP and mesalazine in combination for treating UC was widely used to treat UC, and it was found to be highly effective (Chen, 2014; Tian, 2019; Sun and Guo, 2022). Furthermore, a study found that flavored SLBZP (1 dose per day, decocted in water, twice daily), mesalazine (oral 1 g, 3 times a day), and enema (100 ml, once a day) could improve TCM syndrome score and Mayo score, decrease the levels of IL-2, IL-17, TNF-α, INF-γ, and increase the levels of IL-10 in UC patients (Yi et al., 2021). Additionally, warm acupuncture combined with flavored SLBZP (1 dose per day, decocted in water, twice daily) could decrease the serum 5-HT and SP, numbers of intestinal yeast, serum IL-6 and TNF-α levels, and increase the levels of IL-10, SS, and VIP, intestinal Bifidobacterium, Lactobacillus, and the number of Peptococcus, in turn improving the clinical symptoms that may be related to the correction of abnormal brain-gut axis and antagonistic inflammatory response (Zhou et al., 2021a). Meanwhile, flavored SLBZP (1 dose per day, decocted in water, twice daily) and acupuncture in combination exhibited immunomodulatory effects by regulating the levels of Th17, Treg, Th17/Treg, TNF-α, HMGB-1, HIF-1α, and IGF-1 (Hua, 2022).
3.3 Meta-analysis on effectiveness and safety of SLBZP in treatment of UC
Evidence based medicine (EBM) is the dominant paradigm in assessing the effectiveness of clinical treatments. The processes of EBM mainly contain several steps: 1) pose questions; 2) search relative data; 3) quantitative statistical analysis; 4) systematic evaluation; 5) promote the effective treatment methods and abandon ineffective, or even harmful, treatment methods (Djulbegovic and Guyatt, 2017). Systematic reviews, including a quantitative and qualitative evaluation, are currently considered to be the best evidences. Meta-analyses are the most common form of quantitative evaluation. Compare with traditional literature review, meta-analyses can improve the power of test by summarizing results and increasing sample size, and thus closer to reality (Hernandez et al., 2020). In recent years, several studies had been performed to evaluate the effectiveness and safety of SLBZP in treatment of UC by meta-analyses (Wu et al., 2017; Yang et al., 2018). For example, a meta-analysis conducted by Xiangtao Wen et al., included thirteen randomized controlled trials (RCTs) containing of 659 UC patients treated with SLBZP therapy and 598 patients treated with western medicine. The results showed the effectiveness of SLBZP was higher than that of western medicine (RR = 1.17, 95%CI [1.13, 1.22], p <0.001), could significantly improve time of diarrhea (RR = −12.32, 95%CI [−14.27, −10.37], p < 0.001), abdominal pain (RR = −8.06, 95%CI [−9.88, −6.24], p < 0.001), sepsis (RR = -9.89, 95%CI [−10.77, −9.00], p <0.001), and fever (RR = −8.29, 95%CI [−9.59, −6.98], p <0.001), and significantly decrease the adverse events (RR = 0.06, 95%CI [0.01, 0.40], p = 0.004) (Wen et al., 2017). In addition, another meta-analysis had been conducted by Yin et al., included seventeen RCTs with a total sample of 1263 UC treated with mesalazine (control group) and SLBZP combined with mesalazine (test group) (Yin et al., 2021). Results indicated that the total effective rate of patients in the combination group was higher than that in the mesalazine group (OR = 2.03, 95%CI [1.60, 2.58], p <0.05). And the level of IL-17 (MD = −88.29, 95%CI [-100.37, −76.21], p <0.00001), IL-23 (MD = −115.34, 95%CI [−130.69, -99.99], p <0.00001), TNF-α(MD = −10.64, 95%CI [−11.65, −9.64], p <0.00001), ESR (MD = −8.22, 95%CI [−9.31, −7.12], p <0.00001), and CRP (MD = −6.74, 95%CI [−9.99, −3.48], p <0.00001) in the combination group were significantly lower than those in the mesalazine group. Based on these findings, SLBZP or SLBZP combined with mesalazine proved superior to mesalazine in treating UC, and can also reduce inflammatory factors in UC. However, more large-sample-size double-blind RCTs shall be included to support this conclusion.
4 STUDIES ASSESSING THE MECHANISM OF SLBZP IN THE TREATMENT OF UC
SLBZP helps prevent and treat UC by exerting immunomodulatory and antioxidant effects, repairing the intestinal mucosal damage, protecting the gut mucosa barrier, regulating relative signal pathways (including MAPK signaling pathway, toll-like receptors (TLR)/NF-κB signaling pathway, JAK/STAT signaling pathway, endoplasmic reticulum stress, autophagy pathway, and pyroptosis), regulating the balance of gut microbiota, promoting the targeting of BMSCs to the colonic mucosa, and regulating the levels of AQPs.
4.1 Immunomodulatory effects
4.1.1 Immune cells
Immune cells, including cells of the innate and adaptive immune response, play a critical role in the processes of UC. In the case of innate immune response cells, dendritic cells (DCs) and macrophages have an important role in UC development (Kałużna et al., 2022). Antigen-presenting cells like macrophages and DCs, express a diverse repertoire of pattern recognition receptors, such as Toll-like receptors (TLRs), which play critical roles in the development of immune responses. So far, ten TLRs (TLR1-TLR10) have been identified in humans, which can recognize pathogens such as bacteria, viruses, LPS and endogenous DNA or RNA (Vijay, 2018). The mutation and maladjustment of TLRs is a key factor underlying susceptibility to UC(Kordjazy et al., 2018). According to some studies, higher levels of TLR2 and TLR4 mRNA and protein were observed in UC patients, suggesting that these receptors may play an important role in the pathogenesis of this disease (Fan and Liu, 2015; Kobayashi et al., 2020). Meanwhile, TLRs except for TLR3 activate the adaptor myeloid differentiation factor 88 (MyD88), resulting in NF-κB activation, cytokine secretion and inducing DCs maturation; these cytokines further activate TLRs/NF-κB signal pathway, which in turn further aggravate the inflammatory response (Dalod et al., 2014; Ungaro et al., 2017). Several studies showed that SLBZP efficiently inhibited the expression of TLRs and contributed to alleviate UC-induced inflammation. For example, the UC model mice (Kunming mice, SPF, male, weighing 34 ± 2 g) were induced by 3% dextran sodium sulfate (DSS), and oral administration with mesalazine (0.4 g/kg), SLBZP (31.2, 15.6, 7.8 g/kg, powder of SLBZP was dissolved in saline, the dose expression is equivalent to the weight of the original medicine, medicine, the dosage expression of SLBZS in the following is the same as this), and vehicle (water) once a day for 14 days. The results indicated that SLBZP could improve the symptoms of UC rats by decreasing the levels of TNF-α and MIF in serum, inhibiting the expression of TLR4 and NF-κB protein in colon tissue, and increasing the IL-10 and EGF levels (Sun et al., 2020a). Further, rats (Wistar rats, SPF, weighing 200 ± 20 g) were randomly divided into five groups: normal group, UC model group, SLBZP group, SLBZS + TLR2 agonist (Pam3csk4) group, and SLBZS + TLR2 antagonist (T2.5) group. All except the normal group were induced by environment and diet intervention combined with composite trinitrobenzene sulfonic acid (TNBS), ethanol in enema. Rats in normal group and UC model group orally given vehicle (0.9% sodium chloride injection, 10 ml/kg). Rats in SLBZP group orally given SLBZS (15.6 g/kg, concentrated water decoction). Prior to the oral administration with SLBZS (15.6 g/kg), rats in SLBZS + TLR2 agonist group and SLBZS + TLR2 antagonist group received respectively TLR2 agonist dose of 50 μg/mice and TLR2 antagonist dose of 2.4 μg/mice injected IV via the tail vein. Results showed that the IL-6, IL-1β, and TNF-α levels, the protein and mRNA expression of TLR2, MyD88, and COX-2 of UC rats were significantly increased in the UC model group; the levels significantly decreased in UC rats treated with SLBZP and TLR2 antagonist (Li et al., 2021a).
Macrophages also show significant functional differences depending on the tissue environment. During inflammation, the cytokines responsible for macrophage activation are secreted, and depending on the activation method, macrophages can be divided into classically activated (M1) or alternatively activated (M2). A murine model of experimental colitis showed that DSS increased the proportion of P1 peritoneal macrophages, which was restored by SLBZP (1.8, 3.6 g/kg) treatment. Moreover, a co-culturing system was established to decipher the interaction between BMDMs and NCM460 cells treated with TNF-α and/or SLBZP serum (the serum was obtained from colitis mice subjected to 3.6 g/kg SLBP treatment). Consistently, the proportion of P2-P4 macrophages was higher in the SLBZ group, concomitant with a decreased migration capacity, implying the transition to M2 macrophages (Yu et al., 2022).
Unlike the innate immune system, the adaptive immune system must be activated before a specific immune response can occur. Upon being stimulated by inflammatory cytokines, the naive T cells begin to differentiate into different lineages, including Th cells, Th1 cells, Th2 cells, Th17 cells, and Treg cells, which play a key role in the development and progression of UC. Depending on the expression of the CD4 and CD8 cell surface molecules, lymphocytes can be divided into T CD8+ (mainly cytotoxic cells) and T CD4+ cells (Rabe, et al., 2019). UC model mice (Kunming mice, SPF, male, weighing 20 ± 2 g) were induced by TNBS, and oral administration with dexamethasone (1 mg/kg), SLBZP (1.4, 2.8, 5.6 g/kg, powder of SLBZP was dissolved in saline), and vehicle (water) once a day for 10 days. Results indicated that high dosage of SLBZP (5.6 g/kg) could significantly increase the serum IL-10 level and the ratio of CD4+, CD25+, and Foxp3+ cells to CD4+ T cells and decrease serum IL-1β and TNF-α levels, in turn, treating UC mice (Li et al., 2014b). Further, a study showed that SLBZP (7.5, 15, 30 g/kg, concentrated water decoction) could regulate the balance of Th17/Treg and restore the immune function of UC rats by downregulating the levels of IL-17, IL-23, IL-6, TNF-α and upregulating the levels of IL-10 (Li et al., 2017). Another study also showed that after 21 days treatment of SLBZP (6, 12, 24 g/kg, concentrated water decoction), high dose of SLBZP could ameliorate the symptoms of UC rats by regulating the balance of Th17/Treg and decreasing the expression of c-fos in colon tissue (Yu et al., 2018). In addition, UC model rats were induced by TNBS, and oral administration with mesalazine (0.4 g/kg), SLBZP (11.3, 22.6, 45.2 g/kg, concentrated water decoction), and vehicle (0.9% sodium chloride injection) once a day for 14 days. Results showed that middle dosage and high dosage of SLBZP had a therapeutic effects on UC, and it was related to the regulation of expression of RORγt/FoxP3 and correction of the imbalance of Th17/Treg (Qi et al., 2022). As shown in Figure 3.
[image: Figure 3]FIGURE 3 | Regulation of Immune functions and intestinal permeability of SLBZP in UC.
4.1.2 Inflammatory factors
The imbalance of pro-inflammatory and anti-inflammatory cytokines remains one of the key factors causing UC (Xu et al., 2016). Lamina propria macrophages and T cells are activated when the intestinal mucosal barrier is damaged. These secrete pro-inflammatory cytokines such as IL-1, IL-6, IL-17, IL-23, and TNF-α. Meanwhile, these pro-inflammatory cytokines stimulate immune cells to secrete more pro-inflammatory cytokines. Ultimately, the balance of pro-inflammatory and anti-inflammatory cytokines is disturbed, leading to a cytokine storm, and causing continuous inflammation of intestinal mucosa and ulcer (Isidro et al., 2014). Studies showed that SLBZP (1.4, 2.8, 5.6 g/kg, powder of SLBZP was dissolved in saline) could downregulate TNF-α and IL-1β levels and upregulate IL-10 levels in the colon tissue of TNBS-induced rats (Li et al., 2014a). Another study indicated that the levels of IL-6, IL-8, TNF-α, and the expression of NF-κB and p65 increased significantly in UC rats; these levels decreased significantly in rats treated with SLBZP (12 g/kg, concentrated water decoction) (Li et al., 2015a). Additionally, a large amount of literature also suggests that SLBZP affects the levels of other cytokines (IL-3, IL-13, IL-33, TGF-β, IL-4, IL -17, IL-23) (Li et al., 2015b; Bi et al., 2017; Chen et al., 2018a; Ding et al., 2018), and the major cytokines involved in SLBZP treatment for UC are shown in Supplementary Table S1.
4.2 Gut mucosa barrier
The gut mucosal barrier, consisting of mechanical, chemical, immunological, and biological barriers, is an important system of intestinal defense and maintains the integrity of the intestinal barrier and gut homeostasis by isolating the harmful elements. The mechanical barrier includes intestinal mucosa epithelial cells (ICEs) covered with mucosal layer and intercellular tight junctions (with components such as occludin, claudin, and ZO-1) and is the structural foundation for protecting against pathogen invasion and maintaining the intestinal permeability. Intestinal lymph and secretion immune proteins, resident flora, glycoproteins, and digestive juices secreted by ICEs, respectively, are the components of chemical, immunological, and biological barriers. Research has confirmed that mechanical, chemical, immunological, and biological barriers are involved in the pathogenesis of UC (Actis et al., 2014). When the gut mucosa barrier is damaged in UC, many inflammatory factors are produced. These factors can not only induce the apoptosis of ICEs, but can also influence the expression and distribution of tight junction proteins through MLCK and PKC signaling pathways, damage the structure of the mechanical mucosal barrier, and induce intestinal immune response (Actis et al., 2014).
One study found that SLBZP SLBZP (3, 6, 12 g/kg, concentrated water decoction) could help heal the tight junction of UC mice by increasing the expression of colonic components such as occludin, claudin, ZO-1, as well as JAM gene and protein (Liu et al., 2015). Another study showed that the expression levels of occludin in the colonic tissue were significantly downregulated and expression levels of P65, MLCK, MLC2, P-MLC were significantly upregulated in UC mice. Following treatment with sulfasalazine (0.52 g/kg) and SLBZP (7.8, 15.6, 31.2 g/kg, concentrated water decoction), these indicators improved significantly, in particular, high dosage of SLBZP (Liu et al., 2018a). These results indicated that SLBZP downregulates the expression of occludin, claudin, ZO-1, and JAM protein in the colon tissue, thus maintaining the normal permeability of the intestinal mucosa and repairing the intestinal mucosal damage, which may involve inhibition of the MLCK/MLC signaling pathway. Additionally, extracellular matrix degradation can increase intestinal permeability and decrease the barrier function of the intestinal mucosa, which plays an important in the pathogenesis of UC (Kirov et al., 2019). Matrix metalloproteinases (MMPs) are proteolytic enzymes that degrade ECM proteins. The pro-inflammatory factor can stimulate the proteolytic enzymes, and activated MMPs can further aggravate the inflammatory response of the intestinal tract (Bai et al., 2020). MMP-2 and MMP-9 are the major gelatinases among MMPs, which can degrade collagen type IV to prevent cell infiltration and inflammatory proliferation. A clinical study indicated that SLBZP (1 dose per day, decocted in water, twice daily) could improve the symptoms of UC patients, and the mechanism may involve a decrease in the expression of MMP-2 and MMP-9 (Wang, 2016).
4.3 Mesenchymal stem cells and cell adhesion molecules
Repair and reconstruction of the damaged colonic mucosa are central to UC treatment. The repair and reconstruction of colonic mucosa rely primarily on colonic mucosa stem cells that can differentiate into mature colonic mucosa cells (He et al., 2012b). Bone mesenchymal stem cells (BMSCs) have good immune regulatory effects and homing feature that promotes migration to the injury site, adhesion, and colonization, in turn repairing and reconstructing the colonic mucosal tissue of UC (Zheng and Wang, 2022). The differentiation, growth, migration, and homing of BMSCs are regulated by a combination of various factors, including several chemokines and adhesion molecules (such as ICAM-1, VCAM-1, and VLA-4) (He et al., 2012a). The study revealed that inflammatory damage to UC could promote homing of BMSCs to colon tissue; however, it did not play a role in the repair and regeneration of the tissue injured due to UC. Research indicated that SLBZP (22.6 g/kg, concentrated water decoction) could not only promote BMSCs homing to colon tissue but also help repair and regenerate tissue injured due to UC, which may involve the enhancement of the SDF-1/CXCR4 signaling pathway (Cui et al., 2020). Meanwhile, studies have shown that SLBZP (22.6 g/kg, concentrated water decoction) could promote the proliferation and migration of BMSCs and increase the adhesion properties by regulating the expression of VCAM-1 and VLA-4 (Liu et al., 2018b; Shi et al., 2018a).
4.4 Antioxidant effect
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are produced during oxygen metabolism, and low-to medium-concentration ROS and RNS are molecular signals of mitogenic response or defense responses against invasion by pathogens; excessive expression of these factors can induce oxidative stress (Li et al., 2020a). Oxidative stress altering the inflammatory response causes damage to lipids, proteins, and DNA, and also results in cell apoptosis and cancer cell transformation, which is potentially dangerous. Research showed that oxidative stress is a key factor involved in the progression of many diseases such as UC (Piechota-Polanczyk and Fichna, 2014). Antioxidants inhibit the process of cell oxidation or scavenge ROS, such as free radicals. When antioxidants are inadequate or exhibit lower activity, oxidant molecules can prevail, disrupting the cell functions and leading to cell death. The endogenous cellular antioxidant defense system consists of enzymatic antioxidants (SOD, CAT, GSH-Px, and GR) and non-enzymatic antioxidants (antioxidant vitamins, trace elements, coenzymes, and cofactors) (Wang et al., 2019). Abnormal free radical metabolism is generally observed in UC patients, and the ROS can induce excess lipid oxidation in UC, exacerbating the damage to intestinal mucosa (Pavlick et al., 2002). Therefore, maintaining the oxidant/antioxidant status balance is critical to treating UC and SOD, and MDA plays a significant role in balancing the system. SOD represents the ability to scavenge free radicals and can inhibit the response of excess lipid peroxidation. MDA levels reflect the degree of lipid peroxidation in the body and indirectly reflect the degree of cellular damage (Deng et al., 2016). In a study UC model rats were induced by environment and diet intervention combined with composite TNBS and ethanol, and oral administration with sulfasalazine (0.5 g/kg), SLBZP (12 g/kg, concentrated water decoction), and vehicle (0.9% sodium chloride injection) once a day for 14 days results showed that SLBZP could increase the SOD levels and decrease MDA levels, subsequently leading to clinical benefits in UC rats (Li et al., 2012). In another study, UC model rats were treated with SLBZP (0.472, 0.945, 1.89 g/kg, granule of SLBZP was dissolved in water). Compared with the control group, the levels of PCT, CRP, EPO, and HIF-1α were significantly upregulated, and levels of iNOS, MPO, SOD, and MDA were significantly downregulated in the model group. Compared with the model group, the levels of PCT, CRP, EPO, and HIF-1α were significantly downregulated, and levels of iNOS, MPO, SOD, and MDA were significantly upregulated in the SLBZP group, in particular, high dosage SLBZP group (Xiong et al., 2021).
4.5 Regulation of signaling pathways
4.5.1 MAPK signaling pathway
MAPK is a highly conservative signal-transducing module in eukaryotic cells and is an important member involved in the interaction between the inner and outer in cell reaction, which can mediate extracellular signals stimulation to intracellular and regulate the progress of cell growth, differentiation, migration, and inflammation. The MAPK family is composed of the extracellular regulated kinase (ERK) 1/2, JNK, and p38 MAPK. MAPK pathway can be activated by several stimuli such as inflammatory cytokines, growth factors, and cellular stress. MAPK pathway can activate the c-Jun and c-fos through a cascade of ERK, JNK, and p38 MAPK, which regulate the expression of inflammatory cytokines including IL-1, TNF-α, and IL-6 and contribute to intestinal mucosal inflammation (Jing et al., 2019). In an animal experiment, UC rats were induced by the environment and diet intervention combined with composite TNBS and ethanol in enema and treated with SLBZP (12 g/kg, concentrated water decoction). ERK and p38MAPK protein expression were significantly increased in the model group, while SLBZP could reserve those indicators (Li et al., 2013). Another experiment showed that the expression of p38 MAPK, and TNF-α levels were significantly downregulated, and IL-4 protein of UC rats were significantly upregulated in the SLBZP group (24 g/kg, concentrated water decoction) (Bi et al., 2017). These findings indicated that upregulation of IL-4 concentration as well as downregulation of TNF-α concentration by the MAPK pathway might be a part of the mechanism of SLBZP to treat UC.
4.5.2 TLRs/NF-κB signaling pathway
Studies have confirmed that the expression of relative genes (TLR4, MyD88, NF-κB), mRNA, and proteins from the TLR/MyD88-dependent pathway were significantly upregulated in UC. In contrast, negative regulation of the TLRs/NF-κB signaling pathway was effectivein alleviating UC clinical syndromes (Li et al., 2019). Under normal physiological conditions, NF-κB is inhibited by binding IκB and is retained in the cytoplasm. Upon cellular stimulation, the active signal of NF-κB can activate the IKK to induce phosphorylation and degradation of IκB, so as to prevent the inhibition of NF-κB by IκB. Thus, NF-κB protein when activated, facilitates the transcription and expression of downstream genes, playing a regulatory role in body immunity, cell inflammatory, cell survival, cell growth, cell differentiation, and apoptosis (Wullaert et al., 2011). Studies also showed that SLBZP could ameliorate clinical syndromes of UC by upregulating serum IL-10 and EGF levels, downregulating serum TNF-α and MIF levels, and the expression of TLR4 and NF-κB proteins (Sun et al., 2020b). Another study indicated that SLBZP (15.6 g/kg, concentrated water decoction) could decrease the levels of serum TNF-α, IL-6, IL-1β, and the expression of TLR2, MyD88, COX-2 mRNA and proteins in UC rats (Li et al., 2021b). Moreover, SLBZP (15.6 g/kg, concentrated water decoction) could decrease the concentrations of IL-17, IL-23, IL-6, TNF-α, and IL-1β, decrease the expression of NF-κB p65, IκKβ, and increase the expression of IκBα protein in the UC (Chen et al., 2018b; Li et al., 2020b). These results indicated that SLBZP could reduce the inflammatory response through the negative regulation of the TLRs/NF-κB signaling pathway, which might be an important mechanism through which SLBZP helps treat UC.
4.5.3 JAK/STAT signaling pathway
JAK/STAT signaling pathway consists of tyrosine kinase-associated receptor, JAK/STAT, and tyrosine kinase-coupled receptors is a common pathway underlying numerous cellular signal transduction pathways. It plays an important role in physiology and pathology, including immune defense, cell differentiation, cell growth, cell apoptosis, and tumorigenesis (Xin et al., 2020). The JAK family includes JAK1, JAK2, JAK3, and TYK2. JAK1, JAK2, and TYK2 are present in various cells and tissues, while JAK3 only exists in the bone marrow and lymphatic system. STATs, a family of latent cytoplasmic proteins, are the substrate of JAK, which can couple with the signaling pathway of tyrosine phosphorylation, thus exerting biological effects through transcription control (Xin et al., 2020). JAK plays a role in the inflammatory response, while JAK inhibitor can relieve the UC to some extent, a potential therapeutic approach to treat UC (Cordes et al., 2020). According to current research, STAT3 is known to be related to colonic inflammation and activated by different cytokines and growth factors (Jin et al., 2017). Increased STAT3 phosphorylation at tyrosine residues is found in the UC model induced by DSS and in the epithelial tissue and lamina propria cells of UC patients (Aggarwal et al., 2009). Animal experiments showed that the concentration of serum IL-6, and the expression of STAT3 and JAK2 protein in SLBZP (12, 24 g/kg, concentrated water decoction) and mesalazine (0.3 g/kg) groups were significantly lower than those in the model group. In comparison, the concentration of serum IL-10 was significantly higher than that in the UC model group. It showed that the mechanism of SLBZP in treating UC might involve inhibition of the JAK/STAT3 signal pathway (Tong, 2021). As shown in Figure 4.
[image: Figure 4]FIGURE 4 | Relative cell signal transduction including MAPK signaling pathway, TLR/NF-κB signaling pathway, JAK/STAT signaling pathway were regulated by SLBZP.
4.5.4 Endoplasmic reticulum stress pathway and autophagy
The endoplasmic reticulum (ER) is an important subcellular organelle involved in protein synthesis, post-translational modification, and proper folding. When the intracellular environment changes, the endoplasmic reticulum stress (ERs) is activated to combat the protein misfolding and synthesis damage through multiple ways. While holding the balance of the endoplasmic reticulum, excessive ERs will induce cell apoptosis. ERs alleviate the cell burden in two ways: they strengthen the ability of folding and processing to relieve the accumulation of protein and also relieve the synthesis of new protein. The process is finished by unfolded protein responses (UPR) that can activate the unfolded protein receptors, including IRE1, PERK, and ATF-6. Under the normal conditions, IRE1, PERK, and ATF-6 exhibit an inactive state by binding to the glucose-regulated protein 78 (GRP78). UPR can disaggregate the three proteins from GRP78, thus receiving and inhibiting ERs through the IREl-XBP1 pathway, PERK-el F2α-ATF-4 pathway, and ATF-6 pathway. In addition, the CHOP pathway, IRE1-TRAF2-ASK1 pathway, and caspase pathway are pathways mediated by ERs and lead to cell apoptosis (Yap et al., 2021). ERs as a regulation mechanism widely exist in the body, which similarly plays an essential role in the pathological process of IBD (Bogaert et al., 2011). Research has shown that the expression of GRP78 and XBP1 increased significantly in UC patients (Shkoda et al., 2007; Tréton et al., 2011). ERs can activate NF-κB to promote the inflammatory response, which can also induce ERs by active oxygen and TNF-α. A study found that phosphorylation of GRP78, IRE1, and the levels of CHOP were upregulated, and the cell apoptosis was increased in ATF6α−/− mice, ultimately exhibiting severe damage of intestinal epithelial mucosa (Brandl et al., 2009). In cell and animal experiments, ERS of IEC-6 cells and UC mice were induced by LPS, and 5% DSS, respectively. The former was administered with the serum containing SLBZP (the serum was obtained from colitis mice subjected to 3.6 g/kg SLBP treatment), and the latter was administered with SLBZP (3, 6, 12 g/kg, concentrated water decoction). The results indicated that the expression of GRP78, IRE1, P-IRE1, PERK, pJNK, P-eIF2α, and CHOP proteins were significantly increased in ERS of IEC-6 cell and UC mice while they decreased significantly in ERs of IEC-6 cell and UC mice treated with SLBZP (Xu, 2020). This suggests that SLBZP could regulate the ERs level of colon tissue through ERs pathways such as IRE1-XBP1, PERK -EIF2α, and ATF-6 pathways, to alleviate intestinal injury in UC.
Autophagy involving the formation of autophagosomes, fusion with lysosomes, and degradation, is a ubiquitous phenomenon in eukaryotic cytoplasmic and plays a role in maintaining the cell survival and update, re-utilizing materials, and maintaining cellular environmental homeostasis (Zhao and Zhang, 2018). Autophagy-related genes (ATG), such as ATG5, ATG6, ATG8, and ATG12, play a very important role in autophagy (Lee and Tournier, 2011). The PI3K/Akt/mTOR pathway is a classical signal pathway involved in the regulation of autophagy. The PI3K is divided into three types: I, II, and III. The activation of PI3K type Ⅰ can activate the downstream signaling pathway to block autophagy. Beclin1 (ATG6) activation by PI3K type III is an important step in the initiation of autophagy. p62 is an autophagic substrate protein that can bind to LC3, forming a complex followed by autophagic degradation (Liu et al., 2018c). LC3 converts to LC3-I and distributes in autophagic vesicle and autophagosome under normal conditions. When autophagy is induced, LC3-I is modified to LC3-II, which is integrated into the autophagosome membrane (Liu et al., 2016). In the IBD pathologic process, damage to the intestinal epithelial barrier and increased mucosal permeability lead to swelling and alimentary deficiency of intestinal epithelial cells, inhibiting autophagy (Liu et al., 2016). In a cell-based study, IEC-6 injury induced by LPS was treated with the serum containing SLBZP (the serum was obtained from rats subjected to 41.6 g/kg SLBP treatment). Results showed that the concentrations of IL-1β, IL-8, and the expression of ATG5, ATG13, and ATG16 mRNA were significantly increased, and the level of IL-10 was significantly decreased in the model group compared with the blank group. These indicators were reversed in the SLBZP group, indicating that SLBZP could induce the inflammatory damage to IEC-6 cells through the autophagy pathway (Liu et al., 2019). In another animal experiment, UC was induced in mice by dosing with 5% DSS, and oral administration with mesalazine (2 g/kg), rapamycin (4 mg/kg), SLBZP (3, 6, 12 g/kg, concentrated water decoction), and vehicle (water) once a day for 15 days. The results showed that SLBZP could ameliorate UC syndrome by increasing the LC3-Ⅱ, beclin1 phosphorylation, and 4EBP protein expression and inhibiting PI3K, mTOR, p-p62 phosphorylation, and ULK1 protein expression. These results were observed in mesalazine group and rapamycin group. The above indicated that SLBZP helps treat UC by regulating the phosphorylation of PI3K, mTOR, and p-p62 proteins in the autophagy pathway of intestinal epithelial cells (You et al., 2019). These findings indicate that SLBZP regulates the ERs and autophagy signaling pathways, thus contributing to healing in UC (As shown in Figure 5).
[image: Figure 5]FIGURE 5 | Autophagy and endoplasmic reticulum stress were regulated by SLBZP.
4.5.5 Pyroptosis
Pyroptosis is a caspase1-dependent (classical pathway) and caspase11, 4/5-dependent (non-classical pathway) pathway of programmed cell death. It is characterized by the cytoplasmic membrane rupture in a short period and the release of cellular content and pro-inflammatory mediators, including IL-1β, IL-18, and HMGB-1 (Walle and Lamkanfi, 2016). The pyroptosis process relies on caspase-1, -11, -4/5, vesicular shedding, and the cleavage of proteins like GSDMD that create pores in the cell membrane, which leads to cellular rupture and discharge of contents under osmotic pressure and cell membrane movement (Ding et al., 2016). Caspase-11 cleaves GSDMD and generates amino-terminal fragments, increasing the reliance on caspase-1 for pyroptosis and NLRP3 dependence in a cell-intrinsic manner. GSDMD-N is considered a key target of caspase-11 and a critical mediator of the host to gram-negative bacteria (Kayagaki et al., 2015). Demon D et al. found that caspase-1, -11, -4/5, and NLRP were highly expressed in intestinal cells and positively correlated with the severity of inflammation in UC(Demon et al., 2014). LPS from the wall of gram-negative bacteria could enter the cell, specifically activating the reliance on caspase 11 and IL-18 secretion of pyroptosis, resulting in cell death. Similarly, both caspase 1 and caspase 11 could lead to cell death. These results showed that caspase-11 and GSDMD-N drove the pro-immunogenic cell death signal (Shi et al., 2014). Animal experiments showed that SLBZP (1.18 g/kg, powder of SLBZP was dissolved in saline) could significantly decrease the levels of serum IL-18, TNF-α caspase-1, caspase-11, and the expression of GSDMD-N and NLRP3 protein in UC mice induced with DSS. These results indicated that the mechanism of SLBZP was related to the regulation of classical (caspase-1) and non-classical (caspase-11) pathways in pyroptosis, in which the non-classical (caspase-11) pathways may play a significant role (Li, 2019).
4.6 Aquaporins
The expression of aquaporins (AQPs) in the intestinal tissue is closely related to UC pathogenesis. Studies indicated that the low expression of AQPs was observed in the early stage of UC before the appearance of intestinal epithelial injury. AQPs are distributed extensively in the intestinal tract and play an important in regulating water transport, permeability, secretion, and absorption of fluid in the intestinal tract (Cohly et al., 2008). Evidence showed that inhibiting the expression of AQP3 and AQP4 could cause diarrhea, leading to an inflammatory response, ultimately resulting in UC(Hardin et al., 2004; Planell et al., 2013). Additionally, the MAPK pathway consists of p38MAPK, ERK, and JUK, which can regulate cell growth, differentiation, and apoptosis, and take part in the regulation of AQP3 and AQP4 (Li et al., 2015c). Animal experiments indicated that SLBZP (12 g/kg, concentrated water decoction) could increase the expression of AQP3 and AQP4 in UC, and this effect was partially inhibited by U0126 (ERK1/2 inhibitor) or SB203580 (p38MAPK inhibitor). This suggests that SLBZP can ameliorate UC by increasing the expression of AQP3 and AQP4 through ERK/P38MAPK pathway (Li et al., 2015a).
4.7 Regulation of gut microbiota
Gut microbiota has important immune, metabolic, and intestinal protective functions. Moreover, gut microbiota can inhibit the growth of potentially pathogenic bacteria by producing antibacterial factors and colonization resistance. Gut microbiota in healthy individuals is in a dynamic equilibrium state. In contrast, UC patients or mice showed imbalance, manifested as the abundance of enteropathogenic bacteria and lack of beneficial bacteria in the intestinal tract (Yu, 2018). Studies have shown that Escherichia/Shigella and especially Escherichia coli, which belongs to the family Enterobacteriaceae, are enriched in patients or mice with UC. At the same time, firmicutes are in reduced quantity, particularly Blautia, Clostridium, Coproccocus, and Roseburia (Bian et al., 2020). In recent years, regulation of gut microbiota for UC treatment has added a new therapeutic strategy and has increased the possibility of curing UC patients (Chen et al., 2014). Animal experiments have shown that high dosage of SLBZP (24 g/kg, concentrated water decoction) could increase Prevotella and Oscillospira that produce SCFAs and decrease the opportunistic pathogens, including Desulfovibrio and Bilophila, which reduce the diversity of gut microbiota and increase abundance (Gu et al., 2021). Another clinical experiment showed that SLBZP combined mesalamine with (6 g of SLBZP particles three times a day; 6 g of mesalamine a day for 8 weeks) could improve the clinical syndrome of UC by regulating the gut microbiota and increasing the microbial levels of tryptophan metabolites, including indole-3-propionic acid and indole-3-acetic acid (Jiao et al., 2022). Only a few studies have assessed the effect of SLBZP on gut microbiota, and more in-depth and comprehensive research on gut microbiota and SLBZP in UC is needed in the future.
5 PHARMACOLOGICAL STUDIES OF A SINGLE CHINESE HERB AND ITS ACTIVE INGREDIENTS OF SLBZP ON UC
SLBZP contains 10 Chinese drugs derived from roots, rhizomes, seeds, seed kernels, fruits, and sclerotium. Over the years, the active components of these Chinese drugs, including triterpenoids, polysaccharides, volatile, flavonoids, alkaloids, and organic acids, have been studied by various researchers. The specific attributes of drugs are shown in Supplementary Table S2, and their mechanisms are summarized in Figure 6. The structures of prototype and metabolites components of herbs in SLBZP are shown in Figure 7.
[image: Figure 6]FIGURE 6 | Effects of single Chinese herb and its active ingredients from SLBZP in treatment of UC.
[image: Figure 7]FIGURE 7 | The structures of prototype and metabolites components of herbs in SLBZP.
5.1 Atractylodes macrocephala Koidz. (Bai Zhu)
Atractylodes macrocephala Koidz., a common drug in TCM, possesses the effects of tonifying qi and strengthening the spleen. It is used to cure patients with splenic asthenia, anorexia, edema, excessive perspiration, and abnormal fetal movement. Modern research showed that the major constituents of Atractylodes macrocephala Koidz. were sesquiterpenes, polyacetylenes, polysaccharides, and organic acids, exhibiting pleiotropic biological activities, including anti-inflammatory, anti-tumor, regulation of gastrointestinal function and immune function (Yao et al., 2019). In recent studies, Atractylodes macrocephala Koidz. and its constituents have demonstrated potential efficacy in different experimental models of UC. A study reported that the water extract of Atractylodes macrocephala Koidz. (10 g/kg, concentrated water decoction) could protect against the acetic acid and dinitrochlorobenzene-induced colitis in a rat model by regulating the levels of IL-2, IL-10, and IL-17 cytokines in serum (Zhu et al., 2014). Meanwhile, another study showed that Atractylodes macrocephala Koidz. (10 g/kg, concentrated water decoction) could reduce the expression of TNF-α, IL-6, and IL-1β and regulate the balance of gut microbiota to treat the DSS-induced UC rats (Ye et al., 2014a). Similarly, the active ingredients of Atractylodes macrocephala Koidz., including polysaccharides, atractylenolide III, and atractylenolide I, exhibited potential efficacy in treating UC mice induced with DSS. Feng et al. reported that polysaccharides from Atractylodes macrocephala Koidz. (10, 20, 40 mg/kg) could regulate the balance of gut microbiota and its metabolism to achieve the therapeutic effects of UC(Feng et al., 2020). Additionally, polysaccharides from Atractylodes macrocephala Koidz. (540 mg/kg) could not only promote BMSC homing to the injured tissue and regulate cytokines such as IL-6, IL-10, IL-17 A, and TGF-β for preventing TNBS-induced rats colitis but also promote the migration of IEC in vitro and influence multiple genes (Zheng and Wang, 2022). Han and colleagues reported that atractylenolide III (5, 10 mg/kg) could ameliorate DSS-induced colitis inflammatory and oxidative stress by regulating the MDA and GSH contents, SOD activity, and the expression of TNF-α, IL-6, COX-2, and iNOS mRNA. Additionally, the intestinal epithelial barrier destruction and mitochondrial dysfunction were decreased. LPS-treated IEC-6 cells and DSS-induced colitis mouse model revealed that the expression of p-AMPK, SIRT1, and PGC-1α, along with acetylated PGC-1α, was facilitated by atractylenolide III (40 and 80 μM) (Han et al., 2022). Linghang Qu et al. demonstrated that atractylenolide I (50 mg/kg) could improve the induction of mucoprotein MUC2, tight junction proteins (ZO-1, Occludin), and inflammatory factors TNF-α, IL-6, IL-1β in DSS-induced colitis mice. Meanwhile, atractylenolide I could regulate the diversity and abundance of gut microbiota and its metabolism. Furthermore, they found that two genes, SPHK1 and B4GALT2, relating to the metabolism of fructose and galactose, and the activation of the PI3K-AKT pathway, were inhibited in UC mice treated using atractylenolide I (Qu et al., 2022a).
5.2 Poria cocos (SchW.) Wolf. (Fu Ling)
Poria cocos (SchW.) Wolf. can promote diuresis, eliminate dampness, invigorate the spleen, and calm the heart. The polysaccharides of Poria cocos (SchW.) Wolf. are its major bioactivity component and account for approximately 70–90% of dry sclerotium, which has proven therapeutic activities such as anti-tumor, anti-inflammatory, and immunomodulation (Deng et al., 2020). A study reported that a carboxymethyl polysaccharide CMP33 from Poria cocos (SchW.) Wolf. (100, 300 mg/kg) could improve the syndrome of TNBS-induced colitis mice by regulating the MPO and MDA contents and the levels of pro-inflammatory (TNF-α, IL-6, L-1β, IL-12, IFN-γ, IL-2, IL-17) cytokines and anti-inflammatory cytokines (IL-4, IL-10). The results of proteomic and metabolomic studies showed that 2-hydroxybutyric acid-(GPT, GGH)-glutathione-ALB-testosterone-TTR-dihydrotestosterone and (PYY, FABP2, HMGCS2)-oleic acid-TTR-dihydrotestosterone were the key protein–metabolite pathways (Liu et al., 2018d). Tonger Liang et al. reported that polysaccharides from Poria cocos (SchW.) Wolf. (50, 100, 200 mg/kg) could protect against the TNBS-caused colitis in a rat model by decreasing the levels of IL-33, IL-5, IL-13, IL-6 cytokines and expression of IL-33 and ST2 proteins to inhibit the IL-33/ST2 signaling pathway (Liang et al., 2020).
5.3 Glycyrrhiza uralensis Fisch. (Gan Cao)
Glycyrrhiza uralensis Fisch. primarily contains triterpenoids, polysaccharides, flavonoids, and coumarins. Modern research has showed that Glycyrrhiza uralensis Fisch. has various pharmacological activities, including anti-tumor, anti-inflammatory, antibacterial, and anti-viral properties (Deng et al., 2021). An animal experiment suggested that Glycyrrhiza uralensis Fisch. extract (50, 100 mg/kg) is effective against DSS-induced colitis in mice. It functions by decreasing the levels of inflammatory factors, including IL-6 and TNF-α, and suppressing the expression of COX-2, NF-κB, and PGE2 proteins (Jeon et al., 2016a). Qin Lu and colleagues found that Glycyrrhiza uralensis Fisch. extract could inhibit apoptosis by regulating the expression of apoptotic or anti-apoptotic proteins, including muc3, BAX, muc1, bcl-2, FGF-15, P-gp, SHP, and regulating the immune function through FXR/P-gp pathway (Lu et al., 2021). In addition, triterpenoids, polysaccharides, and flavonoids from Glycyrrhiza uralensis Fisch. are considered to have a potential therapeutic role in UC. A study reported that glycyrrhetic acid (10, 50 mg/kg) could decrease the levels of IL-6, IL-1β, and TNF-α, and suppress the expression of COX-2, NF-κB, and PGE2 protein for treating the DSS-induced colitis mice (Jeon et al., 2016b). Nahla E. El-Ashmawy et al. reported that glabridin (50 mg/kg) exhibits anti-inflammatory and antioxidant effects in DSS-induced colitis mice by regulating the levels of TNF-a and cAMP, the activity of MPO, and gene expression of iNOS in the colon (El-Ashmawy et al., 2018). A report suggested that licochalcone A (20, 40, 80 mg/kg) could reverse the increases in relative levels of inflammatory factors, including TNF-α, IL-1β and IL-6, MPO activity, and NO level and decrease GSH and SOD levels via the NF-κB signaling pathway and Nrf2 signaling pathway in DSS-induced colitis mice (Liu et al., 2018e). A report by Juan Zhang et al. suggested that licoflavone B (120 mg/kg) could repair the damage to the colonic barrier by inhibiting colonic cell apoptosis, protecting the expression of occludin, claudin-1, and ZO-1, and suppressing harmful bacteria (such as Enterococcus) and boosting beneficial microorganisms (such as Bacteroides). Furthermore, licoflavone B could suppress the expression of MAPK pathway-related proteins, including perk, p-p38, and pJNK(Zhang et al., 2022b). In vitro experiments have revealed that a flavonoid-rich extract of Glycyrrhiza uralensis Fisch. (6.25, 12.5, 25 mg/kg) could prevent and restore the intestinal barrier dysfunction induced by TNF-α in Caco-2 cell monolayers. Moreover, a flavonoid-rich extract of glycyrrhiza glabra could repair intestinal barrier damage by increasing the expression of occluding and ZO-1 protein in TNBS-induced colitis rats (Murugan et al., 2022). Chunying Huang et al. reported that polysaccharides from Glycyrrhiza uralensis Fisch. (100, 200, and 400 mg/kg) or the positive control drug sulfasalazine (200 mg/kg) could reduce intestinal permeability and inhibit the inflammatory response (IL-1, IL-6, TNF-α, IL-10 levels) in DSS-induced UC mice (Huang et al., 2022).
5.4 Platycodon grandiflorum (Jacq.) A. DC (Jie Geng)
Platycodon grandiflorum (Jacq.) A. DC is commonly used to relieve cough and asthma in clinical practice. The primary components of Platycodon grandiflorum (Jacq.) A. DC contain triterpenoid saponins, polysaccharides, and flavonoids, exhibiting antitussive, antiasthmatic, anti-inflammatory, antioxidant, and anti-tumor (Zuo et al., 2019). Platycodin D is a representative triterpenoid saponin component of Platycodon grandiflorum (Jacq.) A. DC. A study reported that platycodin D (10 mg/kg) was beneficial in DSS-induced colitis mice, which was related to macrophages. Further, platycodin D (2.5, 5 μM) could inhibit M1 macrophage polarization and promote M2 macrophage polarization in LPS-stimulated RAW 264.7 cells by PI3K/Akt, NF-κB, and AMPK-dependent signaling pathways (Guo et al., 2021). In a report by Yang liu et al., the MPO activity, contents of MDA, and expression of IL-1, IL-6, and TNF-α cytokines were inhibited significantly, and expression of IL-10 cytokine and levels of SOD were increased dramatically in UC mice treated with polysaccharides (100, 200, and 400 mg/kg) from Platycodon grandiflorum (Jacq.) A. DC (Liu et al., 2022b). In addition, Platycodon grandiflorum (Jacq) A. DC root fermentation broth (0.5, 1 ml per head per day) was suggested to improve UC prognosis by regulating the AMPK/NF-κB/NLRP3 signaling pathway (Wang et al., 2022).
5.5 Panax ginseng C.A.Mey. (Ren Shen)
Panax ginseng C.A.Mey. is a Chinese drug with a high medicinal value. It has the effects of invigorating vital energy, strengthening the spleen, tonifying the lung, engendering liquid, allaying thirst, AND tranquilizing the mind. Modern studies showed that Panax ginseng C.A.Mey. has various pharmacological effects such as anti-aging, antioxidant, anti-tumor, and immune enhancement (Yu et al., 2019a). Ginsenosides are the main activity components of Panax ginseng C.A.Mey., exhibiting immunomodulatory and anti-inflammatory activity against UC(Shi, 2011). A study reported that ginsenoside Rd (10, 20 and 40 mg/kg) could improve the syndrome of TNBS-induced colitis rats by enhancing the oxidation resistance of injured colons and inhibiting neutrophil infiltration (Yang et al., 2012). Meanwhile, ginsenoside Rd (10, 20 and 40 mg/kg) could inhibit the NLRP3 inflammasome through the AMPK/ULK1-autophagy signaling pathway in DSS-induced colitis mice (Liu et al., 2018f). In addition, ginsenoside Rd (20 mg/kg) could reduce the levels of TNF-α, IFN-γ, IL-6, IL-12/23p40, IL-17 A, and the expression of relative proteins including pJNK, p-p38, pIκBα, and p65 of NF-κB and p38 MAPK pathways, which eventually improve the condition of UC mice (Qu et al., 2022b). Weiwei hao et al. reported that ginsenoside Rg1 (50 and 200 mg/kg) could improve the hypercoagulability and microcirculation in DSS-induced colitis mice (Hao et al., 2013). Further, ginsenoside Rg1 (200 mg/kg) could ameliorate the symptoms in DSS-induced UC mice by regulating M1/M2 macrophage polarization associated with inhibition of the Nogo-B/RhoA signaling pathway, microbiota composition, and the balance of Treg/Th9 cells (Long et al., 2022a; Long et al., 2022b). Ginsenoside Rh2 (20 mg/kg) exhibited a potential therapeutic effect on UC, decreasing the mRNA expression of IL-6, TNFa, and INFc in the DSS-treated colon, and augmenting the TGFb signaling pathway (Ye et al., 2014b). Xuanqing Chen and colleagues suggested that ginsenoside Rh2 (50 mg/kg) is potentially valuable for treating UC, and its mechanism involves the downregulation of STAT3/miR-214 levels (Chen et al., 2021). Meanwhile, Yu Xu et al. successfully encapsulated ginsenoside Rh2 to form Rh2 nanoparticles that exhibit strong anti-inflammatory activity via significantly inhibiting the overproduction of nitric oxide (NO) and inflammatory cytokines (TNF-α, IL-1β and IL-6). Further, the Rh2 nanoparticles could regulate the oxidant stress levels and intestinal flora of UC mice (Xu et al., 2022). Zhiwei miu et al. reported that ginsenoside Rg3 (40 mg/kg) has significant therapeutic effects on DSS-induced colitis mice. It could regulate the imbalance of Th1/Th2 by decreasing TNF-α and IL-6 levels, increasing IL-10 levels, and suppressing the NF-κB signaling pathway by decreasing the expression of p-NF-κB p65 and NF-κB p65 (Miao et al., 2019). Evelyn Saba and colleagues found that ginsenoside Rg3 (20 mg/kg) could decrease the expression of pro-inflammatory mediators and cytokines including NO, IL-1β, IL-5, IL-13, and TNF-α, and levels of NLRP3 inflammasome in DSS-induced colitis mice (Saba et al., 2020). Mi Tian et al. reported that ginsenoside RK3 (20, 40 and 60 mg/kg) protected intestinal barrier function and inhibited NLRP3 inflammasome expression in DSS-induced colitis mice by regulating the MPO and iNOS activities and expression of TNF-α, IL-1β, IL-6, NLRP3, ASC, and Caspase-1 (Tian et al., 2020).
5.6 Amomum villosum Lour. (Sha Ren)
Amomum villosum Lour. mainly contains volatile oil, flavonoids, and phenolic acid, exhibiting various pharmacology activities, including gastrointestinal protection, antioxidant, antibacterial, and blood pressure-lowering effects (Qu et al., 2021). Among these, volatile oil and flavonoids from Amomum villosum Lour. are the potential drugs used to treat peptic colitis (Qu et al., 2021). Studies reported that volatile oil (0.84, 1.6 g/kg) from Amomum villosum Lour. could alleviate the oxidative damage caused by increasing SOD activity and levels of GSH-Px, decreasing the levels of NOS and expression of iNOS, decreasing colonic cell-to-cell adhesion by inhibiting the expression of ICAM, and suppressing inflammatory response by decreasing the expression of TNF-α and NF-κB p65 (Zhao, 2009; Zhu et al., 2009).
5.7 Dioscorea opposita Thunb. (Shan Yao)
Dioscorea opposita Thunb. can help tonify spleen and stomach, benefit the lung and generating fluid, tonify the kidney and essence. Modern studies showed that the chemical composition of yam majorly included polysaccharides, amino acid, fatty acid, dioscin, and polyphenols (Chen et al., 2020). A study showed that polyphenols (240 mg/kg) from Dioscorea opposita Thunb. could protect against the DSS-induced colitis mice. Administering Dioscorea opposita Thunb. before modeling markedly mitigated colitis as well as intestinal mucosal damage and apoptosis of colonic epithelial cells by regulating the expression of occludin, caspase-8, and COX-2 (Li et al., 2021c).
5.8 Coix lacryma-jobi L.var. mayuen (Roman.) Stapf (Yi Yi Ren)
Coix lacryma-jobi L. var. mayuen (Roman.) Stapf, as a TCM with a homology of medicine and food, has anti-inflammatory, anti-obesity, anti-tumor, and antiallergic activity. It primarily contains lipid acid, polysaccharides, lignans, and phenols (Li et al., 2020c). A study showed that the extract (1.5 g/kg) of Coix lacryma-jobi L. var. mayuen (Roman.) Stapf has a protective effect on DSS-induced UC rats, which may be related to the antioxidant potential (Hao et al., 2012). Further, Qilyu Zhou and colleagues found that the feed of Coix lacryma-jobi L. var. mayuen (Roman.) Stapf could not only relieve inflammatory cytokine secretion and alleviate oxidative stress but also change the innate immune cell proportion, which eventually ameliorated immune function disorders for treating UC mice (Zhou et al., 2021a).
5.9 Metabolites of herbs in SLBZP
Therapeutic effects of many constituents of herbs may depend on the transformative components after metabolism in vivo rather than prototype components (Yu et al., 2019b). In recent years, in addition to prototype components, metabolites of herbs can often be one of the substances that contribute to the efficacy of the herbs or prescriptions (Kang et al., 2020). Nowadays, lots metabolites of Chinese herbal medicines, such as ginsenoside compound K (CK), have shown various beneficial therapy effects on UC. Ginsenoside CK is the main metabolite of the protopanaxadiol type of ginsenoside (Liu et al., 2022c). Juan Li et al. and colleagues found that Ginsenoside CK (5, 10 and 20 mg/kg) could promote the recovery of the progression of UC and inhibit the inflammatory responses by suppressing NF-kB activation or regulating the activation of macrophages (Li et al., 2014b). Meanwhile, studies have found that the gut microbial metabolite CK had significant anti-inflammatory effects on UC even at low concentrations, compared to its parent ginsenoside Rb1 (Wang et al., 2018a). In addition, Hao Cai et al. found that the metabolites (Structures were shown in Figure 7) of Atractylodes macrocephala Koidz. including atractylenolide I-M1, atractylenolide I-M2, atractylenolide III-M1, atractylenolide III-M2, atractylenolide III-M3 and atractylenolide II-M1 were high degree correlated with the levels of TNF-α, IL-6, IL-10, and TGF-β1, demonstrating strong anti-UC effects (Cai et al., 2019). And further study is required to verify the effectiveness of Metabolites of Atractylodes macrocephala Koidz. for treating UC. Nevertheless, no data on the metabolites of SLBZP are currently available. Prototype components and metabolites of SLBZP that contribute to the therapeutic effects of UC and the mechanism need to be further investigated.
6 SUMMARY AND OUTLOOK
As one of the classic prescriptions for strengthening the spleen and clearing dampness, SLBZP has beneficial effects on the prevention and treatment of UC. Numerous studies have demonstrated that SLBZP alleviates the symptoms and decreases the recurrence rate of UC, thereby improving the quality of life. The mechanism of action of SLBZP could be attributed to anti-inflammatory, antioxidant, and immunomodulatory effects, as well as repair of intestinal mucosal damage and protection of gut mucosal barrier, promotion of BMSCs migration to the colonic mucosa, regulation of some signal pathways, and regulation of the balance of gut microbiota. These studies not only provide a theoretical basis for the clinical application of SLBZP in the treatment of UC and further research on UC mechanisms but also provide more choices for the prevention and treatment of UC, improving the possibility of curing UC. However, these studies still have some limitations and ambiguities. According to the current research, eight herbs and their ingredients have been reported to exert therapeutic effects, suggesting a multi-component, multi-target, and multi-pathway mode of action of SLBZP in treating UC (As shown in Figure 6).
However, the ingredients that contribute to the therapeutic effects and the mechanism underlying their synergistic activity remain unclear. Moreover, only characterized components (such as ginsenoside Rg1, Rb1, Re, and atractylenolide III) and HPLC fingerprint of SLBZP were analyzed and reported in some studies (Liu and Zhu 2018; Wang et al., 2018b), and the overall components of SLBZP and its pharmacological effects and mechanism remains to be further investigated. Additionally, since the mechanism of SLBZP has not yet been elucidated, further large-scale evaluations assessing the efficacy and safety of SLBZP and its combination with other drugs to prevent and treat UC are required. Furthermore, the ideal dosage form and treatment duration of SLBZP was inconsistent in the clinic. There may be a difference in the quality of Chinese drugs, which could affect the accuracy of our findings. Furthermore, several animal models that have been developed accurately represent certain aspects of UC. However, they do not completely mimic the human UC pathology, especially the TCM syndromes of UC, which can affect our evaluation of the therapeutic effects of SLBZP in the treatment of UC.
In a sum, SLBZP has shown a broad prospect in the prevention and treatment of UC, and further research is required in the future. That should mainly focus on the following aspects: 1) Large sample prospective cohort studies are performed to clarify the clinical efficacy and safety of SLBZP and combination with other drugs in treatment of UC; 2) Researchers should strengthen the study of molecular biological mechanism of active ingredients and its synergistic actions, clarifying the mechanism of SLBZP in treatment of UC by multi-component, multi-target and multi-pathway.
AUTHOR CONTRIBUTIONS
JC analyzed the data and wrote the article. JC, BS, ZJ collect the literature and summarize the results. JC and ZJ modified the final article.
FUNDING
These studies were supported by funding obtained from Zhejiang Province Science and Technology Project of TCM (2020ZQ050), scientific researching fund of Taizhou Enze Medical Center (Group) (19EZA5) and the Doctoral Start-up Fund of Taizhou Enze Medical Center (Group) (2018BSKYQDJJ06).
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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.978558/full#supplementary-material
REFERENCES
 Actis, G. C., Pellicano, R., and Rosina, F. (2014). Inflammatory bowel diseases: Current problems and future tasks. World J. Gastrointest. Pharmacol. Ther. 5 (3), 169–174. doi:10.4292/wjgpt.v5.i3.169
 Aggarwal, B. B., Kunnumakkara, A. B., Harikumar, K. B., Gupta, S. R., Tharakan, S. T., Koca, C., et al. (2009). Signal transducer and activator of transcription-3, inflammation, and cancer: How intimate is the relationship?Ann. N. Y. Acad. Sci. 1171, 59–76. doi:10.1111/j.1749-6632.2009.04911.x
 Bai, X., Bai, G., Tang, L., Liu, L., Li, Y., and Jiang, W. (2020). Changes in MMP-2, MMP-9, inflammation, blood coagulation and intestinal mucosal permeability in patients with active ulcerative colitis. Exp. Ther. Med. 20 (1), 269–274. doi:10.3892/etm.2020.8710
 Bi, D., Jia, Y., and Cheng, Y. (2017). Effects of Shenling Baizhu Powder on expression of IL-1β, IL-4 and p38MAPK gene protein in rats with ulcerative colitis induced by spleen deficiency and dampness. Pharmacol. Clin. Chin. Materia Medica 33 (01), 7–11. doi:10.13412/j.cnki.zyyl.2017.01.002
 Bian, X., Yang, L., Wu, W., Lv, L., Jiang, X., Wang, Q., et al. (2020). Pediococcus pentosaceus LI05 alleviates DSS-induced colitis by modulating immunological profiles, the gut microbiota and short-chain fatty acid levels in a mouse model. Microb. Biotechnol. 13 (4), 1228–1244. doi:10.1111/1751-7915.13583
 Bogaert, S., Vos, M. D., Olievier, K., Peeters, H., Elewaut, D., Lambrecht, B., et al. (2011). Involvement of endoplasmic reticulum stress in inflammatory bowel disease: A different implication for colonic and ileal disease?PloS one 6 (10), e25589. doi:10.1371/journal.pone.0025589
 Brandl, K., Rutschmann, S., Li, X., Du, X., Xiao, N., Schnabl, B., et al. (2009). Enhanced sensitivity to DSS colitis caused by a hypomorphic Mbtps1 mutation disrupting the ATF6-driven unfolded protein response. Proc. Natl. Acad. Sci. U. S. A. 106 (9), 3300–3305. doi:10.1073/pnas.0813036106
 Cai, H., Xu, Y., Xie, L., Duan, Y., Zhou, J., Liu, J., et al. (2019). Investigation on spectrum-effect correlation between constituents absorbed into blood and bioactivities of baizhu Shaoyao san before and after processing on ulcerative colitis rats by UHPLC/Q-TOF-MS/MS coupled with gray correlation analysis. Mol. Basel, Switz. 24 (5), E940. doi:10.3390/molecules24050940
 Chen, T., and Zhang, M. (2020). Efficacy of Shenling Baizhu Powder in the treatment of chronic recurrent ulcerative colitis and its mechanism based on β2 AR/β-arrestin2/NF-κB signal transduction pathway. J. Chin. Med. Mater. 43 (04), 996–999. doi:10.13863/j.issn1001-4454.2020.04.040
 Chen, G., Huang, H., and Liu, R. (2013). Clinical effect analysis of Shenling baizhu powder combined with mesalazine treating ulcerative colitis of spleen stomach qi deficiency. China Med. Pharm. 3 (17), 120–121. 
 Chen, W., Ren, L., and Shi, R. (2014). Enteric microbiota leads to new therapeutic strategies for ulcerative colitis. World J. Gastroenterol. 20 (42), 15657–15663. doi:10.3748/wjg.v20.i42.15657
 Chen, M., Xie, S., and Dai, W. (2018a). Applications and research progresses of shenling baizhu decoction in digestive system diseases. J. liaoning Univ. Traditional Chin. Med. 20 (10), 164–166. doi:10.13194/j.issn.1673-842x.2018.10.042
 Chen, S., Gong, Y., and Zhang, D. (2018b). Effects of shenling baizhu san and mesalazine on the protein expression of NF-κBp65 of colon tissue and inflammatory reaction in the mice of ulcer colitis of spleen deficiency and damp retention type. World J. Integr. Traditional West. Med. 13 (11), 1532–1536. doi:10.13935/j.cnki.sjzx.181112
 Chen, M., Liu, W., Yu, G., and Zhao, F. Z. (2020). Incidence of lymph node metastasis at each station in siewert types Ⅱ/Ⅲ adenocarcinoma of the esophagogastric junction: A systematic review and meta-analysis. Surg. Oncol. 48 (02), 62–70. doi:10.1016/j.suronc.2020.08.001
 Chen, X., Xu, T., Lv, X., Zhang, J., and Liu, S. (2021). Ginsenoside Rh2 alleviates ulcerative colitis by regulating the STAT3/miR-214 signaling pathway. J. Ethnopharmacol. 274, 113997. doi:10.1016/j.jep.2021.113997
 Chen, H. (2012). Observation on curative effect of Shenling Baizhu Powder combined with Kangfuxin liquid in treating chronic colitis. Strait Pharm. J. 24 (10), 130–131. doi:10.3969/j.issn.1006-3765.2012.10.062
 Chen, H. (2014). Effect of Shenling Baizhu Powder retention enema combined with mesalazine oral treatment on chronic nonspecific ulcerative colitis. Hebei J. Traditional Chin. Med. 36 (11), 1643–1644. doi:10.3969/j.issn.1002-2619.2014.11.021
 Cohly, H. H. P., Isokpehi, R., and Rajnarayanan, R. V. (2008). Compartmentalization of aquaporins in the human intestine. Int. J. Environ. Res. Public Health 5 (2), 115–119. doi:10.3390/ijerph5020115
 Cordes, F., Foell, D., Ding, J. N., Varga, G., and Bettenworth, D. (2020). Differential regulation of JAK/STAT-signaling in patients with ulcerative colitis and Crohn's disease. World J. Gastroenterol. 26 (28), 4055–4075. doi:10.3748/wjg.v26.i28.4055
 Cui, S., Liu, X., and Li, G. (2020). Effects of Shenling Baizhu Powder and Tongxie Yaofang on homing of BMSCs to colonic mucosa in rats with ulcerative colitis. Chin. Tradit. Pat. Med. 42 (2), 480–484. doi:10.3969/j.issn.1001-1528.2020.02.040
 Dalod, M., Chelbi, R., Malissen, B., and Lawrence, T. (2014). Dendritic cell maturation: Functional specialization through signaling specificity and transcriptional programming. EMBO J. 33 (10), 1104–1116. doi:10.1002/embj.201488027
 Demon, D., Kuchmiy, A., Fossoul, A., and LaMkanfiM., (2014). Caspase-11 is expressed in the colonic mucosa and protects against dextran sodium sulfate-induced colitis. Mucosal Immunol. 7 (6), 1480–1491. doi:10.1038/mi.2014.36
 Deng, Q., Deng, D., Che, J., Zhao, H. R., Yu, J. J., and Lu, Y. Y. (2016). Hypothalamic paraventricular nucleus stimulation reduces intestinal injury in rats with ulcerative colitis. World J. Gastroenterol. 22 (14), 3769–3776. doi:10.3748/wjg.v22.i14.3769
 Deng, T., Peng, D., and Yu, N. (2020). Research progress on chemical composition and pharmacological effects of Poria cocos and predictive analysis on quality markers. Chin. Traditional Herb. Drugs 51 (10), 2703–2717. doi:10.7501/j.issn.0253-2670.2020.10.013
 Deng, T., Peng, C., Peng, D., Yu, N. J., Chen, W. D., and Wang, L. (2021). [Research progress on chemical constituents and pharmacological effects of Glycyrrhizae Radix et Rhizoma and discussion of Q-markers].Radix et Rhizoma and discussion of Q-markers. China J. Chin. Mtaeria Medica 46 (11), 2660–2676. doi:10.19540/j.cnki.cjcmm.20210304.201
 Ding, J., Wang, K., Liu, W., She, Y., Sun, Q., Shi, J., et al. (2016). Pore-forming activity and structural autoinhibition of the gasdermin family. Nature 535 (7610), 111–116. doi:10.1038/nature18590
 Ding, L., Jia, Y., and Cheng, Y. (2018). Effect of shenling baizhu san on expressions of IL-13, IL-23 and COX-2, CREB in ulcerative colitis rats with spleen deficiency and dampness. Chin. J. Exp. Traditional Med. Formulae 24 (11), 67–72. doi:10.13422/j.cnki.syfjx.20181058
 Djulbegovic, B., and Guyatt, G. H. (2017). Progress in evidence-based medicine: A quarter century on. Lancet (London, Engl. 390 (10092), 415–423. doi:10.1016/s0140-6736(16)31592-6
 El-Ashmawy, N. E., Khedr, N. F., El-Bahrawy, H. A., and El-Adawy, S. A. (2018). Downregulation of iNOS and elevation of cAMP mediate the anti-inflammatory effect of glabridin in rats with ulcerative colitis. Inflammopharmacology 26 (2), 551–559. doi:10.1007/s10787-017-0373-9
 Fan, Y., and Liu, B. (2015). Expression of Toll-like receptors in the mucosa of patients with ulcerative colitis. Exp. Ther. Med. 9 (4), 1455–1459. doi:10.3892/etm.2015.2258
 Feng, W., Liu, J., Tan, Y., Ao, H., Wang, J., and Peng, C. (2020). Polysaccharides from Atractylodes macrocephala Koidz. Ameliorate ulcerative colitis via extensive modification of gut microbiota and host metabolism. Food Res. Int. 138 (B), 109777. doi:10.1016/j.foodres.2020.109777
 Gu, D., Zhou, S., Yao, L., Tan, Y., Chi, X., Shi, D., et al. (2021). Effects of ShenLing BaiZhu san supplementation on gut microbiota and oxidative stress in rats with ulcerative colitis. Evid. Based. Complement. Altern. Med. 2021, 3960989. doi:10.1155/2021/3960989
 Guo, R., Meng, Q., Wang, B., and Li, F. (2021). Anti-inflammatory effects of Platycodin D on dextran sulfate sodium (DSS) induced colitis and E. coli Lipopolysaccharide (LPS) induced inflammation. Int. Immunopharmacol. 94, 107474. doi:10.1016/j.intimp.2021.107474
 Han, J., Li, W., Shi, G., Huang, Y., Sun, X., Sun, N., et al. (2022). Atractylenolide III improves mitochondrial function and protects against ulcerative colitis by activating AMPK/SIRT1/PGC-1α. Mediat. Inflamm. 2022, 9129984. doi:10.1155/2022/9129984
 Hao, Y., Li, X., and Liu, N. (2012). Effects of coix lacryma-jobi seed extract on the antioxidation in colitis in rats. China Prev. Med. 13 (3), 177–180. doi:10.16506/j.1009-6639.2012.03.011
 Hao, W., Wen, H., and Ma, G. (2013). Ginsenoside-Rg1regulates blood coagulation in DSS-induced colitis mice. Chin. J. Integr. Traditional West. Med. Dig. 21 (05), 238–242. doi:10.3969/j.issn.1671-038X.2013.05.004
 Hardin, J. A., Wallace, L. E., Wong, J. F. K., O'Loughlin, E. V., Urbanski, S. J., Gall, D. G., et al. (2004). Aquaporin expression is downregulated in a murine model of colitis and in patients with ulcerative colitis, Crohn's disease and infectious colitis. Cell Tissue Res. 318 (2), 313–323. doi:10.1007/s00441-004-0932-4
 He, H., Shen, H., and He, B. (2012a). Pathogenesis and therapeutic methods of the active stage of ulcerative colitis. J. nanjing Univ. Tradit. Chin. Med. 28 (06), 504–505+512. doi:10.14148/j.issn.1672-0482.2012.06.008
 He, X., He, X., Lian, L., Wu, X. J., and Lan, P. (2012b). Systemic infusion of bone marrow-derived mesenchymal stem cells for treatment of experimental colitis in mice. Dig. Dis. Sci. 57 (12), 3136–3144. doi:10.1007/s10620-012-2290-5
 He, K. (2014). Ulcerative colitis spleen qi deficiency parallel randomized controlled study Shenling baizhu casual treatment. J. Pract. Traditional Chin. Intern. Med. 28 (11), 58–59. doi:10.13729/j.issn.1671-7813.2014.11.27
 Hernandez, A. V., Marti, K. M., and Roman, Y. M. (2020). Meta-analysis. Chest 158, S97–s102. doi:10.1016/j.chest.2020.03.003
 Hua, H. (2022). Clinical observation opposing needling combined with modified shenling baizhu powder in the treatment of ulcerative colitis of damp-heat due to spleen deficiency type. J. Guangzhou Univ. Traditional Chin. Med. 39 (03), 586–593. doi:10.13359/j.cnki.gzxbtcm.2022.03.021
 Huang, C., Luo, X., Li, L., Xue, N., Dang, Y., Zhang, H., et al. (2022). Glycyrrhiza polysaccharide alleviates dextran sulfate sodium-induced ulcerative colitis in mice. Evid. Based. Complement. Altern. Med. 2022, 1345852. doi:10.1155/2022/1345852
 Isidro, R. A., Bonilla, F. J., Pagan, H., Cruz, M. L., Lopez, P., Godoy, L., et al. (2014). The probiotic mixture VSL#3 alters the morphology and secretion profile of both polarized and unpolarized human macrophages in a polarization-dependent manner. J. Clin. Cell. Immunol. 5 (3), 1000227. doi:10.4172/2155-9899.1000227
 Jeon, Y.-D., Bang, K.-S., Shin, M.-K., Lee, J. H., Chang, Y. N., and Jin, J. S. (2016a). Regulatory effects of glycyrrhizae radix extract on DSS-induced ulcerative colitis. BMC Complement. Altern. Med. 16 (1), 459. doi:10.1186/s12906-016-1390-8
 Jeon, Y.-D., Kang, S.-H., Bang, K.-S., Chang, Y. N., Lee, J. H., and Jin, J. S. (2016b). Glycyrrhetic acid ameliorates dextran sulfate sodium-induced ulcerative colitis in vivo. Mol. Basel, Switz. 21 (4), 523. doi:10.3390/molecules21040523
 Jiang, B. (2019). Effect of taohua decoction and shenling baizhu powder on ulcerative colitis. Guide China Med. 17 (33), 223. doi:10.15912/j.cnki.gocm.2019.33.188
 Jiao, C., Zhang, Q., Yang, M., Ma, J., Zhao, X., Tang, N., et al. (2022). Shenling baizhu san ameliorates ulcerative colitis by regulating the gut microbiota and its tryptophan metabolites: A complementary medicine to mesalamine. J. Ethnopharmacol. 291, 115145. doi:10.1016/j.jep.2022.115145
 Jin, B.-R., Chung, K.-S., Cheon, S.-Y., Lee, M., Hwang, S., Noh Hwang, S., et al. (2017). Rosmarinic acid suppresses colonic inflammation in dextran sulphate sodium (DSS)-induced mice via dual inhibition of NF-κB and STAT3 activation. Sci. Rep. 7, 46252. doi:10.1038/srep46252
 Jing, M., Wang, Y., and Xu, L. (2019). Andrographolide derivative AL-1 ameliorates dextran sodium sulfate-induced murine colitis by inhibiting NF-κB and MAPK signaling pathways. Oxid. Med. Cell. Longev. , 6138723. doi:10.1155/2019/6138723
 Kałużna, A., Olczyk, P., and Komosińska-Vassev, K. (2022). The role of innate and adaptive immune cells in the pathogenesis and development of the inflammatory response in ulcerative colitis. J. Clin. Med. 11 (2), 400. doi:10.3390/jcm11020400
 Kang, D., Ding, Q., Xu, Y., Yin, X., Guo, H., Yu, T., et al. (2020). Comparative analysis of constitutes and metabolites for traditional Chinese medicine using IDA and SWATH data acquisition modes on LC-Q-TOF MS. J. Pharm. Anal. 10 (6), 588–596. doi:10.1016/j.jpha.2019.11.005
 Kayagaki, N., Stowe, I. B., Lee, B. L., O'Rourke, K., Anderson, K., Warming, S., et al. (2015). Caspase-11 cleaves gasdermin D for non-canonical inflammasome signalling. Nature 526 (7575), 666–671. doi:10.1038/nature15541
 Kirov, S., Sasson, A., Zhang, C., Chasalow, S., Dongre, A., Steen, H., et al. (2019). Degradation of the extracellular matrix is part of the pathology of ulcerative colitis. Mol. Omics 15 (1), 67–76. doi:10.1039/c8mo00239h
 Kobayashi, T., Siegmund, B., Le Berre, C., Wei, S. C., Ferrante, M., Shen, B., et al. (2020). Ulcerative colitis. Nat. Rev. Dis. Prim. 6 (1), 74. doi:10.1038/s41572-020-0205-x
 Kordjazy, N., Haj-Mirzaian, A., Haj-Mirzaian, A., Rohani, M. M., Gelfand, E. W., Rezaei, N., et al. (2018). Role of toll-like receptors in inflammatory bowel disease. Pharmacol. Res. 129, 204–215. doi:10.1016/j.phrs.2017.11.017
 Lai, J., Lin, Q., and Chen, C. (2014). 30 cases of ulcerative colitis treated by Shenling Baizhu Powder combined with Kangfuxin liquid. Fujian J. TCM 45 (04), 11–12. doi:10.13260/j.cnki.jfjtcm.010697
 Lee, E.-J., and Tournier, C. (2011). The requirement of uncoordinated 51-like kinase 1 (ULK1) and ULK2 in the regulation of autophagy. Autophagy 7 (7), 689–695. doi:10.4161/auto.7.7.15450
 Li, L., and Wang, Y. (2021). Clinical observation on shenling baizhu powder and mesalazine in treating ulcerative colitis. West. J. Traditional Chin. Med. 34 (10), 124–126. doi:10.12174/j.issn.2096-9600.2021.10.31
 Li, Z., Wang, J., and Cai, R.(2012). Effect of shenling baizhu powder on superoxide dismutase and malondialdehyde in ulcerative colitis rats. J. Traditional Chin. Med. 53 (20), 1764–1767. doi:10.13288/j.11-2166/r.2012.20.025
 Li, Z., Wang, J., and Cai, R. (2013). Effects on expression of ERK, p38 MAPK in ulcerative colitis rats with syndrome of dampness stagnancy due to spleen deficiency treated with shenlinbaizhu powder. J. Yunnan Univ. Traditional Chin. Med. 36 (06), 7–10. doi:10.19288/j.cnki.issn.1000-2723.2013.06.003
 Li, J., Zhong, W., Wang, W., Hu, S., Yuan, J., Zhang, B., et al. (2014a). Ginsenoside metabolite compound K promotes recovery of dextran sulfate sodium-induced colitis and inhibits inflammatory responses by suppressing NF-κB activation. PloS one 9 (2), e87810. doi:10.1371/journal.pone.0087810
 Li, X., Cui, L., and Chen, Y. (2014b). Effect of Shenlingbaizhu Powder on immune regulation of intestinal regulatory T cells in mice with ulcerative colitis. Chin. Tradit. Pat. Med. 36 (06), 1295–1297. doi:10.3969/j.issn.1001-1528.2014.06.041
 Li, F., Huang, L., Dong, C., Wang, J. P., Wu, H. J., and Shuang, S. M. (2015a). Down-regulation of aquaporin3 expression by lipopolysaccharide via p38/c-Jun N-terminal kinase signalling pathway in HT-29 human colon epithelial cells. World J. Gastroenterol. 21 (15), 4547–4554. doi:10.3748/wjg.v21.i15.4547
 Li, Z., Wang, J., and Cai, R. (2015b). Effects of Shenling Baizhu Powder on the expressions of AQP3 and AQP4 in UC rats via EK/p38 MAPK signal pathway. Chin. Tradit. Pat. Med. 37 (09), 1883–1888. doi:10.3969/j.issn.1001-1528.2015.09.002
 Li, Z., Wang, J., and Cai, R. (2015c). Effects of Shenling Baizhu San on the protein expression of NF-κB p65 and the serum level of related inflammatory cytokines in the colon tissue of rats with ulcerative colitis due to dampness retention and spleen deficiency. J. Beijing Univ. Traditional Chin. Med. 38 (05), 315–317+360361. doi:10.3969/j.issn.1006-2157.2015.05.006
 Li, Y., Liu, Y., and Yan, S. (2017). Effect of the classical three prescriptions for regulating intestinal function on cytokines as IL-17, IL-23, IL-6, IL-10 and TNF-α in colonic of ulcerative colitis rat. Mod. J. Integr. Traditional Chin. West. Med. 26 (09), 920–924. doi:10.3969/j.issn.1008-8849.2017.09.003
 Li, Y., Liu, Q., Tang, J. H., Wen, J. J., and Zhu, J. Q. (2019). Regulatory mechanism of mesalazine on TLR4/MyD88-dependent pathway in mouse ulcerative colitis model. Eur. Rev. Med. Pharmacol. Sci. 23 (15), 6637–6644. doi:10.26355/eurrev_201908_18553
 Li, X., Gu, K., and Liang, M (2020a). Research progress on chemical constituents and pharmacological effects of Coicis Semen. Chin. Traditional Herb. Drugs 51 (21), 5645–5657. doi:10.7501/j.issn.0253-2670.2020.21.031
 Li, Z., Cai, R., and Sun, J. (2020b). Effect of shenling baizhusan on protein and mRNA expression of NF-κ B p65, iκ bα iκ kβ in ulcerative colitis rats with syndrome of dampness stagnancy due to spleen deficiency. Chin. J. Exp. Traditional Med. Formulae 26 (19), 108–113. doi:10.13422/j.cnki.syfjx.20201936
 Li, Z., Feng, H., Han, L., Ding, L., Shen, B., Tian, Y., et al. (2020c). Chicoric acid ameliorate inflammation and oxidative stress in Lipopolysaccharide and d-galactosamine induced acute liver injury. J. Cell. Mol. Med. 24 (5), 3022–3033. doi:10.1111/jcmm.14935
 Li, K., Liao, S., and Li, Q. (2021a). Study on preventive effect of Chinese yam peel polyphenols on intestinal mucosal injury in colitis mice. J. Food Sci. Technol. 39 (04), 46–54. doi:10.12301/j.issn.2095-6002.2021.04.005
 Li, S., Hao, X., Gong, Y., Liu, S., Niu, W., Jia, J., et al. (2021b). Effect of shenling baizhu powder on the serum TH1 cytokines of elderly patients with ulcerative colitis complicated by bloody purulent stool. Am. J. Transl. Res. 13 (8), 9701–9707.
 Li, Z., Cai, R., and Suan, J. (2021c). Effect of Shenlin Baizhu San on expressions of TLR2, MyD88, COX-2 in ulcerative colitis rats with spleen deficiency and dampness stagnation pattern. J. Beijing Univ. Traditional Chin. Med. 44 (01), 45–53. doi:10.3969/j.issn.1006-2157.2021.01.008
 Li, D., Zhang, Y., Zhang, Y., Zhou, X., and Guo, S. (2013). Fabrication of bidirectionally doped β-Bi2O3/TiO2-NTs with enhanced photocatalysis under visible light irradiation. J. Hazard. Mat. 32 (19), 42–49. doi:10.1016/j.jhazmat.2013.02.058
 Li, Z. (2019). Effect of shenlingbaizhu powder on pyroapoptosis pathway in C57bl/6J mice induced by DSS in ulcerative colitis. [master's thesis]. China: South China Agricultural University. doi:10.27152/d.cnki.ghanu.2019.001238
 Liang, T., Liu, Y., and Wang, X. (2020). Study on mechanisms of Poria cocos polysaccharide regulating mast cell activation in rats with ulcerative colitis based on IL-33/ST2 signaling pathway. Chin. J. Immunol. 36 (11), 1324–1329+1337. doi:10.3969/jissn.1000-484X.2020.11.009
 Liu, C., and Zhu, Q. (2018). Study on HPLC characteristic fingerprint of shenlingbaizhu powder and simultaneous determination of its five indicative components. China Pharm. 27 (15), 12–16. doi:10.3969/j.issn.1006-4931.2018.15.004
 Liu, Y., Hu, J., and Yi, W. (2015). Effect of shenling baizhu san on regulation of tight junction in DSS-induced IBD mice. Chin. J. Exp. Traditional Med. Formulae 21 (03), 130–133. doi:10.13422/j.cnki.syfjx.2015030130
 Liu, X., Tang, Y., Cui, Y., Zhang, H., and Zhang, D. (2016). Autophagy is associated with cell fate in the process of macrophage-derived foam cells formation and progress. J. Biomed. Sci. 23 (1), 57. doi:10.1186/s12929-016-0274-z
 Liu, C., Shi, J., and Huang, J. (2018a). Effects of shenling-baizhu-san on the tight junction and MLCK/MLC pathway in mice with ulcerative colitis. J. Chin. Med. Mater. 41 (09), 2180–2184. doi:10.13863/j.issn1001-4454.2018.09.036
 Liu, C., Wang, J., Yang, Y., Liu, X., Zhu, Y., Zou, J., et al. (2018b). Ginsenoside Rd ameliorates colitis by inducing p62-driven mitophagy-mediated NLRP3 inflammasome inactivation in mice. Biochem. Pharmacol. 155, 366–379. doi:10.1016/j.bcp.2018.07.010
 Liu, D., Huo, X., Gao, L., Zhang, J., Ni, H., and Cao, L. (2018c). NF-κB and Nrf2 pathways contribute to the protective effect of Licochalcone A on dextran sulphate sodium-induced ulcerative colitis in mice. Biomed. Pharmacother. = Biomedecine Pharmacother. 102, 922–929. doi:10.1016/j.biopha.2018.03.130
 Liu, X., Cui, G., and Dong, J. (2018d). Comparative study on mobilization of endogenous MSCs in treatment of ulcerative colitis rats by shenling baizhu powder and tongxie yaofang decoction. Chin. J. Inf. TCM 25 (11), 41–45. doi:10.3969/j.issn.1005-5304.2018.11.010
 Liu, X., Yu, X., Xu, X., Zhang, X., and Zhang, X. (2018e). The protective effects of Poria cocos-derived polysaccharide CMP33 against IBD in mice and its molecular mechanism. Food Funct. 9 (11), 5936–5949. doi:10.1039/c8fo01604f
 Liu, Y., Ding, Y., Gao, C., Li, L. S., Wang, Y. X., and Xu, J. D. (2018f). Functional macrophages and gastrointestinal disorders. World J. Gastroenterol. 24 (11), 1181–1195. doi:10.3748/wjg.v24.i11.1181
 Liu, Y., Xu, W., and Zeng, L. (2019). Shen ling baizhu powder regulates intestinal crypt epithelial cell damage by autophagy. Traditional Chin. Drug Res. Clin. Pharmacol. 30 (10), 1165–1171. doi:10.19378/j.issn.1003-9783.2019.10.003
 Liu, Q., Cheng, Z., and Chen, G. (2021a). Progress in TCM treatment of ulcerative colitis. J. Basic Chin. Med. 27 (07), 1191–1194. doi:10.19945/j.cnki.issn.1006-3250.2021.07.039
 Liu, R., Zhou, C., and Du, X. (2021b). Stage treatment of ulcerative colitis. Chin. J. Integr. Traditional West. Med. Dig. 29 (1), 67–71. doi:10.3969/j.issn.1671-038X.2021.01.15
 Liu, T., Zhu, L., and Wang, L. (2022a). A narrative review of the pharmacology of ginsenoside compound K. Ann. Transl. Med. 10 (4), 234. doi:10.21037/atm-22-501
 Liu, Y., Li, B., Su, Y., Zhao, R. X., Song, P., Li, H., et al. (2022b). Potential activity of traditional Chinese medicine against ulcerative colitis: A review. J. Ethnopharmacol. 289, 115084. doi:10.1016/j.jep.2022.115084
 Liu, Y., Rui, X., and Li, J. (2022c). Effects of Platycodon grandiflorum polysaccharide on ulcerative colitis. Chin. Tradit. Pat. Med. 44 (04), 1093–1099. doi:10.3969/j.issn.1001-1528.2022.04.010
 Long, J., Kang, Z., and Zhong, Y. (2022a). Ginsenoside Rg1 regulates cell balance of Treg/Th9 in mice with DSS-induced colitis. Traditional Chin. Drug Res. Clin. Pharmacol. 33 (01), 20–26. doi:10.19378/j.issn.1003-9783.2022.01.004
 Long, J., Liu, X., Kang, Z., Wang, M. X., Zhao, H. M., Huang, J. Q., et al. (2022b). Ginsenoside Rg1 ameliorated experimental colitis by regulating the balance of M1/M2 macrophage polarization and the homeostasis of intestinal flora. Eur. J. Pharmacol. 917, 174742. doi:10.1016/j.ejphar.2022.174742
 Lu, Q., Wu, X., Han, W., Zhang, W., Wang, Y., Kong, D., et al. (2021). Effect of Glycyrrhiza uralensis against ulcerative colitis through regulating the signaling pathway of FXR/P-gp. Am. J. Transl. Res. 13 (8), 9296–9305.
 Lu, G., Xing, X., Wang, J., et al. (2022). Research progress of Shenling Baizhu San and predictive analysis on quality markers. China J. Chin. Materia Medica 04, 1–13. doi:10.19540/j.cnki.cjcmm.20220421.201
 Luo, L., Shao, J., and Sun, Y. (2014). Clinical observation on the treatment of ulcerative colitis with Shaoyao decoction and shenling baizhu powder. Shanxi J. Traditional Chin. Med. 30 (10), 39–40+60. doi:10.3969/j.issn.1000-7156.2014.10.018
 Lv, Y., Bao, R., and Zhang, L. (2022). Effect of modified shenling baizhusan on gastrointestinal dysfunction and protein-energy wasting in continuous ambulatory peritoneal dialysis patients. Chin. J. Exp. Traditional Med. Formulae 28 (03), 116–122. doi:10.13422/j.cnki.syfjx.20220393
 Ma, H., Qin, Y., and Wang, L. (2015). Observation on curative effect of Shenling Baizhu Powder and Aidisha in the treatment of ulcerative colitis and its effect on inflammatory factors. Guid. J. Traditional Chin. Med. Pharm. 21 (04), 71–72. doi:10.13862/j.cnki.cn43-1446/r.2015.04.024
 Ma, Q., Ouyang, Y., Meng, F., Noolvi, M. N., Avvaru, S. P., More, U. A., et al. (2019). A review of pharmacological and clinical studies on the application of Shenling Baizhu San in treatment of Ulcerative colitis. J. Ethnopharmacol. 244, 112105. doi:10.1016/j.jep.2019.112105
 Ma, Y., Zhang, L., Wu, Y., and Zhou, P. (2019). Changes in milk fat globule membrane proteome after pasteurization in human, bovine and caprine species. Food Chem. 32 (02), 209–215. doi:10.1016/j.foodchem.2018.12.015
 Ma, J. (2021). Effect of Sishen wan combined with Shenling Baizhu san on ulcerative colitis of spleen kedney yang deficiency type. [master's thesis]. China: Anhui University of Chinese Medicine. doi:10.26922/d.cnki.ganzc.2021.000333
 Mao, M., Lin, P., and Xiong, L. (2021a). Changes in diversity of intestinal butyrate-producing bacteria during treatment with shenling baizhusan and lizhongtang in animal model of AAD. Chin. J. Exp. Traditional Med. Formulae 27 (22), 23–30. doi:10.13422/j.cnki.syfjx.20212106
 Mao, Y., Hu, G., Meng, Q., Li, X., Sun, X., Zhou, J., et al. (2021b). Efficacy of shenling baizhu san on stable chronic obstructive pulmonary disease patients: A systematic review and meta-analysis. J. Ethnopharmacol. 272, 113927. doi:10.1016/j.jep.2021.113927
 Miao, Z., Yan, J., and Gu, M. (2019). The effects of ginsenoside g3 on the Th1/Th2 imbalance in DSS induced colitis mice. Pharmacol. Clin. Chin. Materia Medica 35 (01), 47–51. doi:10.13412/j.cnki.zyyl.2019.01.011
 Mu, L., and Xiao, M. (2016). Long-term efficacy and safety of shenling baizhu powder treating ulcerative colitis. Liaoning J. Traditional Chin. Med. 43 (02), 309–311. doi:10.13192/j.issn.1000-1719.2016.02.034
 Murugan, S. K., Bethapudi, B., Raghunandhakumar, S., Purusothaman, D., Nithyanantham, M., Mundkinajeddu, D., et al. (2022). A flavonoid rich standardized extract of Glycyrrhiza glabra protects intestinal epithelial barrier function and regulates the tight-junction proteins expression. BMC Complement. Med. Ther. 22 (1), 38. doi:10.1186/s12906-021-03500-1
 Ouyang, Z. (2015). Parallel randommized controlled study of chronic enteritis Shenglingbaizhu powder combined Western medicine. J. Pract. Traditional Chin. Intern. Med. 29 (04), 96–97. doi:10.13729/j.issn.1671-7813.2015.04.42
 Pavlick, K. P., Laroux, F. S., Fuseler, J., Wolf, R. E., Gray, L., Hoffman, J., et al. (2002). Role of reactive metabolites of oxygen and nitrogen in inflammatory bowel disease. Free Radic. Biol. Med. 33 (3), 311–322. doi:10.1016/s0891-5849(02)00853-5
 Piechota-Polanczyk, A., and Fichna, J. (2014). Review article: The role of oxidative stress in pathogenesis and treatment of inflammatory bowel diseases. Naunyn. Schmiedeb. Arch. Pharmacol. 387 (7), 605–620. doi:10.1007/s00210-014-0985-1
 Planell, N., Lozano, J. J., Mora-Buch, R., Masamunt, M. C., Jimeno, M., Ordas, I., et al. (2013). Transcriptional analysis of the intestinal mucosa of patients with ulcerative colitis in remission reveals lasting epithelial cell alterations. Gut 62 (7), 967–976. doi:10.1136/gutjnl-2012-303333
 Qi, Y., Niu, M., and Zhang, L. (2022). Effect of Shenling Baizhu Powder on Th17/Treg immune balance in rats with ulcerative colitis. China's Naturop. 30 (06), 88–92. doi:10.19621/j.cnki.11-3555/r.2022.0631
 Qian, W., and Zhang, W. (2019). Effect of shenlingbaizhu powder combined with mesalamine on inflammatory factors and immune function in children and adolescents with ulcerative colitis. Her. Med. 38 (05), 584–588. doi:10.3870/j.issn.1004-0781.2019.05.011
 Qin, L. (2012). Clinical observation on treating 75 cases of ulcerative colitis with Shenling Baizhu San. Clin. J. Chin. Med. 4 (13), 76–77. doi:10.3969/j.issn.1674-7860.2012.13.042
 Qu, H., Ou, H., and Lin, K. (2021). Research progress on chemical constituents and pharmacological activities of Amomum longiligulare. J. Hainan Medical Univ. (05), 1–8. doi:10.13210/j.cnki.jhmu.20210524.001
 Qu, B., Cao, T., Wang, M., Wang, S., Li, W., and Li, H. (2022a). Ginsenosides Rd monomer inhibits proinflammatory cytokines production and alleviates DSS-colitis by NF-κB and P38MAPK pathways in mice. Immunopharmacol. Immunotoxicol. 44 (1), 110–118. doi:10.1080/08923973.2021.2012482
 Qu, L., Shi, K., Xu, J., Liu, C., Ke, C., Zhan, X., et al. (2022b). Atractylenolide-1 targets SPHK1 and B4GALT2 to regulate intestinal metabolism and flora composition to improve inflammation in mice with colitis. Phytomedicine. 98, 153945. doi:10.1016/j.phymed.2022.153945
 Quan, L., and Tan, J. (2017). Clinical study of shenling baizhu san for ulcerative colitis. J. new Chin. Med. 49 (08), 42–44. doi:10.13457/j.cnki.jncm.2017.08.013
 Rabe, H., Malmquist, M., Barkman, C., OStman, S., Gjertsson, I., Saalman, R., et al. (2019). Distinct patterns of naive, activated and memory T and B cells in blood of patients with ulcerative colitis or Crohn's disease. Clin. Exp. Immunol. 197 (1), 111–129. doi:10.1111/cei.13294
 Ren, T. (2010). Treating 49 cases of chronic ulcerative colitis with shenlingbaizhu Decoction. Fujian J. TCM 41 (02), 39–40. doi:10.13260/j.cnki.jfjtcm.009912
 Saba, E., Lee, Y. Y., Rhee, M. H., and Kim, S. D. (2020). Alleviation of ulcerative colitis potentially through th1/th2 cytokine balance by a mixture of rg3-enriched Korean red ginseng extract and persicaria tinctoria. Mol. (Basel, Switz. 25 (22), 5230. doi:10.3390/molecules25225230
 Shen, L., Liu, J., Qian, Z., et al. (2021). Clinical effect of sishen pills and shenling baizhu powder combined with mesalazine for ulcerative colitis and its effect on intestinal flora and intestinal barrier function. J. new Chin. Med. 53 (16), 34–38. doi:10.13457/j.cnki.jncm.2021.16.010
 Shi, J., Zhao, Y., Wang, Y., Gao, W., Ding, J., Li, P., et al. (2014). Inflammatory caspases are innate immune receptors for intracellular LPS. Nature 514 (7521), 187–192. doi:10.1038/nature13683
 Shi, K., Li, Y., and Deng, T. (2018a). Effect of shenling baizhu san on expressions of ICAM-1and VCAM-1in colon mucosal tissues of ulcerative colitis rats. Pharm. J. Chin. People's Liberation Army 34 (05), 390–393. doi:10.3969/j.issn.1008-9926.2018.05.003
 Shi, W., Sun, D., and Hu, Y. (2018b). Effect of shenling baizhu powder on ulcerative colitis patients serum SOD and MDA. J. Yunnan Univ. Traditional Chin. Med. 41 (03), 65–68. doi:10.19288/j.cnki.issn.1000-2723.2018.03.015
 Shi, J. (2011). Ginsenoside Rd inhibits the activation of NF-κB signal transduction pathways in colonic tissues of rats with ulcerative colitis in the acute phase. 
 Shkoda, A., Ruiz, P. A., Daniel, H., Kim, S. C., Rogler, G., Sartor, R. B., et al. (2007). Interleukin-10 blocked endoplasmic reticulum stress in intestinal epithelial cells: Impact on chronic inflammation. Gastroenterology 132 (1), 190–207. doi:10.1053/j.gastro.2006.10.030
 Sun, X., and Chen, T. (2014). Shenling Baizhu Powder treating 43 cases of diarrhea with spleen deficiency and dampness of irritable bowel syndrome. Chin. Med. Mod. Distance Educ. China 12 (03), 23–24. doi:10.3969/j.issn.1672-2779.2014.03.012
 Sun, H., and Guo, X. (2022). Clinical effect of modified Shenling Baizhu powder combined with self-made traditional Chinese medicine enema formula in the treatment of ulcerative colitis of spleen deficiency and dampness type and its influence on the levels of inflammatory factors. Clin. Res. Pract. 7 (17), 151–154. doi:10.19347/j.cnki.2096-1413.202217041
 Sun, J., Ge, Y., and Li, Z. (2020a). Shenling Baizhu San ameliorated murine ulcerative colitis based on TLR4/NF-κB pathway. Chin. J. Immunol. 36 (03), 294–298+304. doi:10.3969/j.issn.1000-484X.2020.03.008
 Sun, J., Ge, Y., and Li, Z. (2020b). Shenling Baizhu San ameliorated murine ulcerative colitis based on TLR4/NF-κB pathway. Chin. J. Immunol. 36 (03), 294–298+304. doi:10.3969/j.issn.1000-484X.2020.03.008
 Tian, T., and Song, Q. (2015). Therapeutic eggect analysis of Shenlingbaizhu Powder in treating chronic enteritis. Clin. J. Chin. Med. 7 (36), 111–112. doi:10.3969/j.issn.1647-7860.2015.36.052
 Tian, Y., Chen, X., and Zhang, H. (2019). The effect of Shenling Baizhu granule combined with mesalazine on Th17/Treg balance in patients with ulcerative colitis and its clinical efficacy. Chin. J. Integr. Traditional West. Med. Dig. 27 (09), 703–706. doi:10.3969/j.issn.1671-038X.2019.09.13
 Tian, M., Ma, P., Zhang, Y., Mi, Y., and Fan, D. (2020). Ginsenoside Rk3 alleviated DSS-induced ulcerative colitis by protecting colon barrier and inhibiting NLRP3 inflammasome pathway. Int. Immunopharmacol. 85, 106645. doi:10.1016/j.intimp.2020.106645
 Tian, L. (2019). Clinical evaluation of Shenling Baizhu powder and lavaging with traditional Chinese medicine in the treatment of chronic nonspecific ulcerative colitis. 14(30), 108–109.DOI: doi:10.14163/j.cnki.11-5547/r.2019.30.064
 Tong, J. (2021). Study on the inhibitory effect of Shenling Baizhu powder on inflammation of ulcerative colitis model rats based on Janus kinase 2/signal transduction and transcription activator 3 signaling pathway. Shaanxi J. Traditional Chin. Med. 42 (08), 1010–1015. doi:10.3969/j.issn.1000-7369.2021.08.006
 Tréton, X., Pédruzzi, E., Cazals-Hatem, D., Grodet, A., Panis, Y., Groyer, A., et al. (2011). Altered endoplasmic reticulum stress affects translation in inactive colon tissue from patients with ulcerative colitis. Gastroenterology 141 (3), 1024–1035. doi:10.1053/j.gastro.2011.05.033
 Ungaro, R., Mehandru, S., Allen, P. B., Peyrin-Biroulet, L., and Colombel, J. F. (2017). Ulcerative colitis. Lancet (London, Engl. 389 (10080), 1756–1770. doi:10.1016/s0140-6736(16)32126-2
 Vijay, K. (2018). Toll-like receptors in immunity and inflammatory diseases: Past, present, and future. Int. Immunopharmacol. 59, 391–412. doi:10.1016/j.intimp.2018.03.002
 Walle, L. V., and Lamkanfi, M. (2016). PyroptosisCurrent Biol.26 (13), R568–R572. doi:10.1016/j.cub.2016.02.019
 Wang, C., Xue, L., Wang, Y., Huang, Q., and Zhang, B. (2016). Substituent distribution changes the pasting and emulsion properties of octenylsuccinate starch. Carbohydr. Polym. 46 (08), 64–71. doi:10.1016/j.carbpol.2015.08.044
 Wang, C. Z., Yao, H., Zhang, C. F., Chen, L., Wan, J. Y., Huang, W. H., et al. (2018a). American ginseng microbial metabolites attenuate DSS-induced colitis and abdominal pain. Int. Immunopharmacol. 64, 246–251. doi:10.1016/j.intimp.2018.09.005
 Wang, X., Li, Y., and Song, Y. (2018b). Determination of ginsenosides in ShenlingBaizhu powder based on HPLC fingerprint. World Chin. Med. 13 (11), 2876–2879+2883. doi:10.3969/j.issn.1673-7202.2018.11.052
 Wang, M., Hu, R., Wang, Y., Liu, L., You, H., Zhang, J., et al. (2019). Atractylenolide III attenuates muscle wasting in chronic kidney disease via the oxidative stress-mediated PI3K/AKT/mTOR pathway. Oxid. Med. Cell. Longev. , 1875471. doi:10.1155/2019/1875471
 Wang, Z., Li, C., He, X., Xu, K., Xue, Z., Wang, T., et al. (2022). Platycodon grandiflorum root fermentation broth reduces inflammation in a mouse IBD model through the AMPK/NF-κB/NLRP3 pathway. Food Funct. 13 (7), 3946–3956. doi:10.1039/d1fo03969e
 Wang, X., Ning, Y., Wang, L., Zhang, J., Wang, Y., and Shen, H. (2016). Treatment of one case with cryoglobulinaemia secondary to connective tissue disease with small doses of rituximab. West Indian Med. J. 9 (04), 398–400. doi:10.7727/wimj.2014.384
 Wang, X. (2019). Shenling baizhu san modified in the treatment of chronic enteronitis :effect observation on 55 cases. Chin. J. Coloproctology 39 (01), 29–30. doi:10.3969/j.issn.1000-1174.2019.01.015
 Wei, G., Zhen, X., Zhou, Y., et al. (2013). Efficacy of Shenling Baizhu Powder combined with Mesalazine in the treatment of ulcerative colitis with spleen and stomach Qi deficiency and its effect on serum IL-17, TNF - α and IL-23 levels. Guangdong Med. J. 34 (01), 143–145. doi:10.13820/j.cnki.gdyx.2013.01.015
 Wen, X., Hu, Y., liao, L., et al. (2017). Meta-analysis on effectiveness and safety of modified shenling baizhu san and western medicines in treating ulcerative colitis. Chin. J. Exp. Traditional Med. Formulae 23 (10), 205–210. doi:10.13422/j.cnki.syfjx.2017100205
 Wu, R., Luo, J., and Wu, J. (2017). Meta- analysis of shenling baizhu powder combined with aminosalicylic acid preparation in the treatment of ulcerative colitis. China Pharm. 28 (36), 5119–5122. doi:10.6039/j.issn.1001-0408.2017.36.21
 Wullaert, A., Bonnet, M. C., and Pasparakis, M. (2011). NF-κB in the regulation of epithelial homeostasis and inflammation. Cell Res. 21 (1), 146–158. doi:10.1038/cr.2010.175
 Xiang, W., Liu, J., and Yang, W. (2017). Observation on treating ulcerative colitis with the Shenling Baizhu granules plus lacteol fort and mesalazine. Clin. J. Chin. Med. 9 (25), 42–44. doi:10.3969/j.issn.1674-7860.2017.25.021
 Xie, J., Wu, F., and Liu, C. (2015). Efficacy and safety analysis of Shenling Baizhu Powder in treating colitis. J. Med. Theory Pract. 28 (06), 760–761. doi:10.19381/j.issn.1001-7585.2015.06.032
 Xin, P., Xu, X., Deng, C., Liu, S., Wang, Y., Zhou, X., et al. (2020). The role of JAK/STAT signaling pathway and its inhibitors in diseases. Int. Immunopharmacol. 80, 106210. doi:10.1016/j.intimp.2020.106210
 Xiong, Y., Zhong, Y., Chen, Y., et al. (2021). Anti-inflammatory and antioxidant mechanism of shenling baizhu granules on experimental ulcerative colitis rats with dampness stagnancy due to spleen deficiency. Traditional Chin. Drug Res. Clin. Pharmacol. 32 (02), 149–157. doi:10.19378/j.issn.1003-9783.2021.02.001
 Xu, A. T., Lu, J. T., Ran, Z. H., and Zheng, Q. (2016). Exosome in intestinal mucosal immunity. J. Gastroenterol. Hepatol. 31 (10), 1694–1699. doi:10.1111/jgh.13413
 Xu, Y., Chen, X., and Huang, H. (2018). Clinical effects of the Shenling Baizhu Jianpi granule on chronic colitis and immune function. Clin. J. Chin. Med. 10 (04), 1–3. doi:10.3969/j.issn.1674-7860.2018.04.001
 Xu, Y., Zhu, B., Li, X., Li, Y. F., Ye, X. M., and Hu, J. N. (2022). Glycogen-based pH and redox sensitive nanoparticles with ginsenoside Rh(2) for effective treatment of ulcerative colitis. Biomaterials 280, 121077. doi:10.1016/j.biomaterials.2021.121077
 Xu, J., Xue, H. L., Wang, Z., Fan, C., Wu, M., and Xu, L. X. (2021). Estrogen receptor 2 mediates intraspecific aggressive behaviors of the female Cricetulus barabensis in the estrous cycle. J. Integr. Neurosci. 18 (06), 77–85. doi:10.31083/j.jin.2021.01.302
 Xu, W. (2020). Effect of shenling baizhu powder on the treatment of inflammatory bowel disease by regulating endoplasmic reticulum stress. [master's thesis]. China: Jiangxi University of Traditional Chinese Medicine. doi:10.27180/d.cnki.gjxzc.2020.000175
 Yang, X., Guo, T., Wang, Y., Gao, M. T., Qin, H., and Wu, Y. J. (2012). Therapeutic effect of ginsenoside Rd in rats with TNBS-induced recurrent ulcerative colitis. Arch. Pharm. Res. 35 (7), 1231–1239. doi:10.1007/s12272-012-0714-6
 Yang, L., Song, Y., Jin, P., Liu, Y., Wang, Y., Qiao, H., et al. (2018). Shen-Ling-Bai-Zhu-San for ulcerative colitis: Protocol for a systematic review and meta-analysis. Medicine 97 (38), e12337. doi:10.1097/md.0000000000012337
 Yang, L., Song, Y., and Niu, J. (2021). The influence of ginseng and Poria and white Atractylodes powder on intestinal flora of patients with ulcerative colitis. Henan Tradit. Chin. Med. 41 (09), 1357–1361. doi:10.16367/j.issn.1003-5028.2021.09.0308
 Yang, W. (2012). Clinical effect of Shenlingbaizhu Powder combined with sulfasyridine salazide on chronic colitis. Guide China Med. 10 (10), 644–645. doi:10.15912/j.cnki.gocm.2012.10.321
 Yang, H. (2017). Effect evaluation of Shenling Baizhu Powder on ulcerative colitis patients with spleen and stomach Qi deficiency. World Latest Medicne Inf. 17 (80), 98. doi:10.19613/j.cnki.1671-3141.2017.80.084
 Yang, F. (2018). Clinical research progress of shenling baizhu powder. J. New Chin. Med. 50 (10), 38–42. doi:10.13457/j.cnki.jncm.2018.10.010
 Yao, Z., Chen, W., Yang, Z., et al. (2019). Research progress in Atractylodes macrocephala and predictive analysis on Q-marker. Traditional Herb. Drugs 50 (19), 4796–4807. doi:10.7501/j.issn.0253-2670.2019.19.031
 Yap, K. N., Yamada, K., Zikeli, S., Kiaris, H., and Hood, W. R. (2021). Evaluating endoplasmic reticulum stress and unfolded protein response through the lens of ecology and evolution. Biol. Rev. Camb. Philos. Soc. 96 (2), 541–556. doi:10.1111/brv.12667
 Ye, H., Chen, C., and Zhu, S. (2014a). Effects of baizhu decoction on ulcerative colitis model rats and the serum IL-6, IL-17. J. Shaanxi Coll. Traditional Chin. Med. 37 (1), 69–71. doi:10.13424/j.cnki.jsctcm.2014.01.036
 Ye, H., Wu, Q., Zhu, Y., Guo, C., and Zheng, X. (2014b). Ginsenoside Rh2 alleviates dextran sulfate sodium-induced colitis via augmenting TGFβ signaling. Mol. Biol. Rep. 41 (8), 5485–5490. doi:10.1007/s11033-014-3422-0
 Yi, P., Guo, M., and Song, J. (2021). The clinical efficacy of mesalazine combined with Shenlingbaizhu powder in treatment of ulcerative colitis. Hebei Med. J. 29 (1), 3741–3744. doi:10.3969/j.issn.1002-7386.2021.24.014
 Yin, Y., Zhan, M., and Hua, D. (2021). Meta-analysis of shenling baizhu powder combined with mesalazine in the treatment of ulcerative colitis. Guid. J. Traditional Chin. Med. Pharmacol. 27 (08), 176–181. doi:10.13862/j.cnki.cn43-1446/r.2021.08.037
 You, Y., Liu, Y. H., and Liao, W. D. (2019). Effect of shenling baizhu san on murine model of IBD induced by DSS in mice through regulating of autophagy. Chin. J. Exp. Traditional Med. Formulae 25 (5), 43–49. doi:10.13422/j.cnki.syfjx.20190504
 Yu, H., Jia, Y., Cheng, Y., et al. (2018). Effect of Shenling Baizhu Powder on expression of IL-6, IL-10 and C-FOS gene in colon tissue of UC rats with spleen deficiency and dampness. Lishizhen Med. meteria medica Res. 29 (05), 1049–1052. doi:10.3969/j.issn.1008-0805.2018.05.008
 Yu, L., Xing, Z. K., Mi, S. L., and Wu, X. (2019a). Regulatory effect of traditional Chinese medicine on intestinal microbiota. Zhongguo Zhong yao za zhi = Zhongguo zhongyao zazhi = China J. Chin. materia medica 44 (1), 34–39. doi:10.19540/j.cnki.cjcmm.20181101.013
 Yu, X., Feng, X., and Zhang, J. (2019b). Research progress on chemical constituents and pharmacological effects of Panax ginseng. Ginseng Res. 31 (01), 47–51. doi:10.19403/j.cnki.1671-1521.2019.01.012
 Yu, W., Wang, G., Lu, C., Liu, C., Jiang, L., Jiang, Z., et al. (2022). Pharmacological mechanism of Shenlingbaizhu formula against experimental colitis. Phytomedicine. 98, 153961. doi:10.1016/j.phymed.2022.153961
 Yu, B. (2017). Clinical observation of Shenlingbaizhu Powder combined with sulfasyridine salazide in the treatment of chronic colitis with spleen and stomach weakness. J. Pract. Traditional Chin. Med. 33 (03), 254. doi:10.3969/j.issn.1004-2814.2017.03.022
 Yu, L. C.-H. (2018). Microbiota dysbiosis and barrier dysfunction in inflammatory bowel disease and colorectal cancers: Exploring a common ground hypothesis. J. Biomed. Sci. 25 (1), 79. doi:10.1186/s12929-018-0483-8
 Zhang, S., Shen, H., Zheng, K., et al. (2017). Consensus on diagnosis and treatment of ulcerative colitis with integrated Chinese and western medicine (2017). China J. Traditional Chin. Med. Pharm. 32 (08), 3585–3589. doi:10.3969/j.issn.1671-038X.2018.02.01
 Zhang, Y., Tang, K., Deng, Y., Chen, R., Liang, S., Xie, H., et al. (2018). Effects of shenling baizhu powder herbal formula on intestinal microbiota in high-fat diet-induced NAFLD rats. Biomed. Pharmacother. 102, 1025–1036. doi:10.1016/j.biopha.2018.03.158
 Zhang, J., Xu, X., Li, N., Cao, L., Sun, Y., Wang, J., et al. (2022a). Licoflavone B, an isoprene flavonoid derived from licorice residue, relieves dextran sodium sulfate-induced ulcerative colitis by rebuilding the gut barrier and regulating intestinal microflora. Eur. J. Pharmacol. 916, 174730DOI: doi:10.1016/j.ejphar.2021.174730
 Zhang, Y., Gao, H., Zheng, J., et al. (2022b). Shenling baizhu powder combined with gegen qinlian decoction in treating ulcerative colitis for 30 cases. Chin. Med. Mod. Distance Educ. China 20 (02), 84–86. doi:10.3969/j.issn.1672-2779.2022.02.031
 Zhang, S. (2010). Consensus on TCM diagnosis and treatment of ulcerative colitis. China J. Traditional Chin. Med. Pharm. 30 (05), 527–532. 
 Zhang, Z., Liu, H., Shi, Y., Xu, N., Wang, Y., Li, A., et al. (2017). Increased circulating Th22 cells correlated with Th17 cells in patients with severe preeclampsia. Hypertens. Pregnancy 9 (16), 100–107. doi:10.1080/10641955.2016.1239737
 Zhao, Y. G., and Zhang, H. (2018). Formation and maturation of autophagosomes in higher eukaryotes: A social network. Curr. Opin. Cell Biol. 53, 29–36. doi:10.1016/j.ceb.2018.04.003
 Zhao, C., Wang, F., Xiao, L., et al. (2017). Influence of adjunctive therapy with shenling baizhu powder on the immune function and clinical effect of elderly patients with colitis gravis and bloody purulent stool. Prog. Mod. Biomed. 17 (15), 2906+2920–2922. doi:10.13241/j.cnki.pmb.2017.15.031
 Zhao, J. (2009). Effect of volatile from A.longiligulare T.L.Wu on experimental ulcerative colitis and its safety assessment. [dissertation/master's thesis]. China: ChongQing Medical University. doi:10.7666/d.Y1546988
 Zheng, Z., and Wang, J. (2022). Bone marrow mesenchymal stem cells combined with Atractylodes macrocephala polysaccharide attenuate ulcerative colitis. Bioengineered 13 (1), 824–833. doi:10.1080/21655979.2021.2012954
 Zhou, T., Yang, S., and Wang, J. (2018). Effects of Shenlingbaizhu powder combined with mesalazine in the treatment of ulcerative colitis and the influence of NLRP3 inflammasome. Chin. J. Clin. Pharmacol. Ther. 23 (03), 319–324. doi:10.12092/j.issn.1009-2501.2018.03.013
 Zhou, D., Zhang, H., and Ge, S. (2019). The level changing of serum MCP-1, IL-6, TNF-αfrom type 2 diabetic nephropathy patients administrated with metformin and shen Qin baizhu powder. J. Gansu Sci. 31 (1), 5. doi:10.16468/j.cnki.issn1004-0366.2019.01.014
 Zhou, L., Zeng, L., and Ji, X. (2021a). Effect of warm acupuncture combined with Shenling Baizhu Powder for brain - gut interactions and inflammatory factors in patients with ulcerative colitis of spleen dampness. Hebei J. Traditional Chin. Med. 43 (09), 1483–1487+1524. doi:10.3969/j.issn.1002-2619.2021.09.018
 Zhou, Q., Yu, R., Liu, T., Li, Y., Zhong, J., Zhang, T., et al. (2021b). Coix seed diet ameliorates immune function disorders in experimental colitis mice. Nutrients 14 (1), 123. doi:10.3390/nu14010123
 Zhou, M. (2009). Shenling baizhu powder and tongxie yaofang treat irritable bowel syndrome. Zhejiang J. Integr. traditional Chin. West. Med. 19 (06), 359–360. doi:10.3969/j.issn.1005-4561.2009.06.015
 Zhu, S., and Li, M. (2012). Treating ulcerative colitis with tongxie yaofang and shenling baizhu powder. Inn. Mongol J. Traditional Chin. Med. 03 (11), 36–37. doi:10.16040/j.cnki.cn15-1101.2012.03.018
 Zhu, Y., Zhao, J., Chen, G., et al. (2009). Therapeutic effect of volatile oil from A. longiligulare T.L.Wu on ulcerative colitis induced by 2, 4-dinitrobenzene-1- chlorobenzene and acetic acid in rats. Chin. J. Pharmacol. Toxicol. 23 (05), 388–394. doi:10.3867/j.issn.1000-3002.2009.05.009
 Zhu, H., Zhu, H., Chen, W., et al. (2014). Effect of water extract of Atractylodes macrocephala on inflammatory factors in rats with ulcerative colitis. Zhejiang J. Traditional Chin. Med. 49 (01), 51–53. doi:10.13633/j.cnki.zjtcm.2014.01.043
 Zhu, C. (2012). Efficacy observation on treating chronic colitis shenling Baishu San and Bifico. Clin. J. Chin. Med. 4 (02), 42–43. doi:10.3969/j.issn.1674-7860.2012.02.027
 Zuo, J., Yi, B., and Hu, X. (2019). Research progress in the chemical constituents and modern pharmacology of Platycodon. J. Liaoning Univ. Traditional Chin. Med. 21 (01), 113–116. doi:10.13194/j.issn.1673-842x.2019.01.031
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.
Copyright © 2022 Chen, Shen and Jiang. 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/fphar-13-978558-g005.gif





OPS/images/fphar-13-978558-g006.gif





OPS/images/fphar-13-978558-g003.gif





OPS/images/fphar-13-978558-g004.gif





OPS/images/fphar-13-978558-g007.gif
(rb*"[ Tho vg, /IZ-XX_

p—

pibey

T : \
R oot






OPS/images/fphar-13-978558-t001.jpg
Maeaing [oee 1 At s ey

42 cases; SLBZP (according to the
prescription powder the herbs and.

mixed, 6 g each dose, thrice daily) and
Mesalazine (oral 1 g, 4 times a day)

6 cases; SLBZP (granule, 6 g each
dose, thrice daily) and Mesalazine
(oral 1 g, 3 times a day)

40 cases; SLBZP (according to the
prescription powder the herbs and

mixed, g each dose, thrice daily) and
Mesalazine (oral 1 g, 4 times a day)

50 cases; SLBZP (according to the
prescription powder the herbs and.

mixed, 6 geach dose,thrice daily) and
Mesalazine (oral 1 g, 4 times a day)

49 cases; Flavored SLBZP (1 dose per
day, decocted in water, twice daily)

31 cases; SLBZP (according to the
prescription powder the herbs and.

mixed, 6 g each dose, thrice daily) and
Mesalazine (oral 1 g, 4 times a day)

45 cases; Flavored SLBZP (1 dose per
day, decocted in water, twice daily)

51 cases; SLBZP (1 dose per day,
decocted in water, thrice daily) and
Sulfasalazine (oral 0.5, 3 times aday)

47 cases; SLBZP (1 dose per day,
decocted in water, twice daily) and
Sulfasalazine (oral 0.5, 3 times aday)

26 cases; SLBZP (according to the
prescription powder the herbs and
mixed, 6 g each dose, thrice daily) and
Sulfasalazine (enema 3 g/50 ml, one
time a day)

25 cases; Flavored SLBZP (1 dose per
day, decocted in water, thrice daily)
and Sulfasalazine (oral 1 g, 4 times
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and Sulfasalazne (oral 1 g, 4 times
a day)
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decocted in water, thrice daily) and
Sulfasalazine (oral 1 g 4 times a day)
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dose, thrice daily) and Sulfasalazine
(ol 1 g 4 times a day)

57 cases; Flavored SLBZP + Tao hua
decoction (1 dose per day, decocted in
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64 cases; Flavored SLBZP + Tong Xie
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30 cases;Sishen Pill + SLBZP (1 dose
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Kangfuxin solution (Enema, 50 mi)
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59 cases; Favored SLBZP (1 dose per
day, decocted in water, thrice daily) +
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acupuncture

47 cases; Flavored SLBZP (1 dose per
day, decocted in water, thrice daily) +
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warm acupuncture
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66 casess Meslazine (orl 1 3 tmes
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a day)
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3 timesa day)

51 cases; Sulfasalazine (oral 05 g
3 times a day)
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3 times a day)

26 cases; Sulfasalazine (enema 3 ¢/
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4 times a day)

31 cases; Sulfasalazine (oral 1 g,
4 times a day)

46 cases; Sulfasalazine (oral 1 g,
4 times a day)

53 cases; Sulfasalazine (oral 1 g,
4 times a day)
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40 cases; Compound Diphenoxylate
‘Tablets (oral 50 mg, 3 timesa day) and
oryzanol (oral 20 mg, 3 times a day)

16 cases; Sulfasalazine (oral 1 g
3 times a day)

30 cases; Mesalazine (oral 1 g, 4 times
aday)
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30 cases; Sulfasaazine (oral 1 g,
3 times a day)

55 cases; Sulfasaazine (oral 0.5,
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37 cases; enema (100 ml, 2 times
aday)

59 cases; Mesalazine (oral 1 g, 3
a day)

46 cases; Mesalazine (oral 1 g 3 times
a day)
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Clinical efficacy and
inflammatory factors

3) 1t could reduce the levels of IL-17, TNE-
@andIL-23, CRP, ESR, IL- 1, IL-6and IL.
18, 112, TEN-y and increase levels of IL-4

4) Tt could inhibit the expression of
NLRP3, ASC and caspase-1 mRNA.

5) It could reduce the serum MDA and
increase the serum SOD levels

)1t could reduce percentage of Thi7 cells,
TgA, TgM levels and increase the ratio of
CD4, CD4'/CDS" T cells, the percentage
of Treg cells

7) It could reduce the MMP-2, MMP-9
levels of UC patients

1) The response in the treatment group is
higher than control group

2) The recurrence rate and incidence of
adverse reactions in the treatment group is
Lower than control group

3) It could reduce the levels of TNF-, IL-
1f, L2, L6, IL-8, TNF.q, INF-y, HIF-a,
IGF-1 and MMP-9 an
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rease levels of

4) It could inhibit the expression of NF-xB
P65 and promote the expression of P2AR
and parrestin? of intestinal mucosa

5) It could increase the CD3', CD4', CD8*
T cels levels

1) The response in the treatment group is
higher than control group

1) The response in the treatment group s
higher than control group (p <0.05)

2) It could increase the numbers of
bifidobacterium and lactobacillus and.
reduce the number of escherichia coli and.
the levels of ET, D-lactate and DAO in

1) The total effects of two groups have no
significantly difference

2) Recurrence rate in reatment group were
lower than in control group

1)The response in the treatment geoup is
higher than control group

‘The response in the treatment group is
higher than control group

1) The response in the treatment group i
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3) It exhibited immunomodulatory effects
by regulating the levels of Thi7, Treg,
Th17/Treg, HMGB-1, HIF-la, IGF-1
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