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Background: Accumulated evidence indicates that astragalus polysaccharide (APS) may have a beneficial impact on ulcerative colitis (UC) by suppressing inflammation and decreasing oxidative stress. Nevertheless, the credibility of the evidence for this practice is unclear. Therefore, we intended to conduct a systematic review and meta-analysis of animal studies to assess the anti-inflammatory and antioxidant activity of APS when used in the treatment of UC.
Methods: Electronic bibliographic databases including PubMed, EMBASE, Web of Science, Chinese Biomedical Literature (CBM), Wanfang Database, CQVIP Database and China National Knowledge Infrastructure (CNKI) were retrieved for relevant animal studies. The methodological quality of animal studies was evaluated based on the SYstematic Review Center for Laboratory animal Experimentation (SYRCLE’s RoB tool). A meta-analysis was performed according to the Cochrane Handbook for Systematic Reviews of Interventions by using STATA 12.0 software. This study was registered with PROSPERO, number CRD42021272595.
Results: Twenty qualified publications involving 591 animals were included in this study. There was a significant association of APS with levels of disease activity index (DAI), colon macroscopic damage index (CMDI), colon histopathologic score (CHS), myeloperoxidase (MPO), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), interleukin-1β (IL-1β), superoxide dismutase (SOD) and malondialdehyde (MDA) compared with that in the control group. Sensitivity analysis that eliminated one study at each stage did not change these results. Egger’s test and funnel plot showed that publication bias was existed.
Conclusion: In this meta-analysis, APS treatment significantly mitigated colonic damage by reducing the levels of MPO, TNF-α, IL-6, IL-1β, and MDA and recovering the SOD activity. These results demonstrated a protective role of APS in the treatment of UC and showed that the anti-inflammatory and antioxidant activity were implicated in the underlying mechanisms. Hence, APS may represent a promising candidate for treating UC. However, due to potential publication bias, a cautious interpretation is needed.
Systematic Review Registration: (https://www.crd.york.ac.uk/PROSPERO/).
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INTRODUCTION
Ulcerative colitis (UC) is an idiopathic, chronic inflammatory bowel disease affecting rectum and colon (Kobayashi et al., 2020), and it is characterized by remitting and relapsing mucosal inflammation starting in the rectum and extending proximally in the colon in a continuous way (Ungaro et al., 2017). Multiple factors, such as mucosal immune dysregulation, genetic predisposition and environmental factors, have been suggested to contribute to UC pathogenesis (Danese and Fiocchi, 2011; Jostins et al., 2012; Liu et al., 2015; Bernstein et al., 2016). The incidence of UC ranges from 1.2 to 20.3 cases per 100,000 persons per year, and its prevalence is 7.6–246.0 cases per 100,000 persons per year (Loftus, 2004). Because of higher incidence and prevalence, the burden of UC on society and families will continue to grow worldwide. Current treatments for UC patients rely on the 5-aminosalicylates, corticosteroids, thiopurines (azathioprine or 6-mercaptopurine), biological drugs (anti-TNF-α or anti-integrin agents) and surgery (Kornbluth and Sachar, 2010; Bressler et al., 2015; Harbord et al., 2017). However, these strategies are insufficient to achieve better effectiveness in a substantial proportion of patients and often lead to adverse effects. Anti-TNF-α agents could increase the risk of pulmonary tuberculosis and non-melanoma skin cancer (Duan et al., 2021). Thiopurines are associated with liver toxicity, increased risk of non-melanoma skin cancer and lymphoma (Harbord et al., 2017). Tofacitinib (JAK inhibitors) could increase the risk of severe infection and malignant tumor (Olivera et al., 2017). Moreover, patients remain reluctant to accept surgical management due to complicated complications and considerably high cost. Given the limitations and disadvantages of current UC therapy, it is imperative to establish the novel treatment approaches for the management of UC.
As one of the primary contemporary alternative medicines, Chinese botanical drug (CBD) and its active components as a promising candidate become the focus of UC drug research. In contrast to Western medicine, CBD and its active components have been shown to target multiple pathogenic mechanisms that are crucially involved in the occurrence and development of UC. In addition, CBD and its active components provide the advantages of less adverse reactions, wide availability, low cost and good tolerance. Therefore, identifying CBD and its active components exhibiting colonic protective effects may be the important direction of drug research.
Astragalus polysaccharide (APS) is the major bioactive ingredient isolated from the CBD Astragalus mongholicus Bunge (Fabaceae; Astragalus mongholicus radix), has been traditionally used for the treatment of hypoimmunity, chronic fatigue and tumour (Shan and Ye, 2007; Yan et al., 2017; Wang et al., 2021). Currently, an increasing number of preclinical animal studies focus on the therapeutic effects and mechanisms of APS on experimental UC. Several animal studies indicated that APS treatment could alleviate UC by reducing MDA and increasing SOD levels in UC mice models (Song et al., 2021a; Tang et al., 2021). In addition, APS was suggested to relieve colon damage via regulating MPO activity in the rats with TNBS-induced UC (Zang et al., 2017; Zang et al., 2018). Furthermore, APS also could attenuate the TNBS- mediated UC symptoms in animals through a decrease in the inflammatory cytokines, including TNF-α, IL-1β and IL-6 (Li and Gong, 2016; Zang et al., 2017). Results of these animal experiments revealed a beneficial therapeutic effect of APS in the treatment of UC and indicated that the anti-inflammatory and antioxidant activity were implicated in the pivotal mechanism. However, these findings of individual animal experiment are often influenced by various factors, such as dosage, intervention duration, small sample sizes and different methods of APS preparation, thus it is insufficient to draw definitive conclusions about the anti-inflammatory or antioxidant properties of APS in the management of UC based on this poor evidence. In addition, time-response effects and dose-response effects play an important role in the treatment of UC, but it is hard to determine the appropriate intervention duration and dosage of APS based on individual animal study. Furthermore, methodological quality and publication bias in animal studies are still unclear, which may exaggerate the therapeutic effects of APS. These problems should be clarified in order to enhance the therapeutic effects of APS and lower drug-induced risks.
Therefore, we conducted a systematic review and meta-analysis of preclinical animal studies to assess APS for the treatment of UC. The purposes of this study were to 1) provide reasonable evidence to confirm the anti-inflammatory and antioxidant activity of APS in the treatment of UC, 2) explore the appropriate intervention duration and dosage of APS on UC, and 3) provide an assessment of methodological quality and publication bias of the animal studies.
METHODS
This systematic review and meta-analysis was performed according to the Cochrane Handbook for Systematic Reviews of Interventions and reported based on Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines. The protocol for this meta-analysis was registered with the PROSPERO (CRD42021272595).
Search strategies
Electronic bibliographic databases including PubMed, EMBASE, Web of Science, CBM, Wanfang Database, CQVIP Database and CNKI were searched for relevant animal studies published from January 2000 to December 2021. Furthermore, the language was limited to Chinese and English. Medical subject headings (MeSH) with free words were employed in English databases. The relevant terms were as follows: Participants (Colitis, Ulcerative [MeSH], Ulcerative colitis, Ulcer colonitis, Colitis gravis, UC; Intervention (Astragalus Polysacharin, Astragalus polysaccharide, APS). Moreover, Chinese database were searched using the aforementioned search terms in Chinese.
Inclusion criteria
1) Participants: all animal models with UC; 2) Intervention: all dosage and duration of APS are eligible for inclusion; 3) Control group: same solvent, no intervention, etc.; 4) Outcomes: DAI, CMDI and CHS were the primary outcomes, TNF-α, IL-6, IL-1β, MPO, SOD, and MDA were the secondary outcome measures; 5) Study design: randomized controlled studies; 6) Language: Chinese and English.
Exclusion criteria
1) Participants: clinical trials, in vitro studies, etc.; 2) Control group: other Chinese botanical drug; 3) Study design: case report, case-control studies, studies without a separate control group and cross-over studies; 4) Not an original full research paper (e.g., conference proceedings, review, abstracts); 5) Animal studies without full text; 6) Duplicate publication.
Study selection and data extraction
Screening were conducted in two phases. In the first phase, title and abstract of study were screened independently by two reviewers to identify study that potentially meet the inclusion criteria outlined above. In the second phase, full text of these potentially eligible studies were independently assessed for eligibility by two reviewer authors. Disagreements about whether a controversial study should be included were resolved with a third reviewer through discussion.
Two reviewers extracted the following data independently from included studies: 1) Basic characteristics: first author’s surname and year of publication; 2) Information on participants: species, sample size, weight and UC models in the experimental group and control group; 3) Information on APS treatment: dosage and intervention duration; 4) Outcome measures: DAI, CMDI, CHS, SOD, MDA, MPO, TNF-α, IL-6, and IL-1β. All the outcome measures were continuous variable, so the mean and the standard deviation for experimental group and control group were extracted. For study with multiple experimental groups sharing one control group, then this control group was divided up approximately evenly among the comparisons and each pair-wise comparison was entered into the meta-analysis (Higgins et al., 2019). In case outcome measures were presented at multiple time points, then the data was extracted from the last time point. Any controversy between reviewer authors over the data extraction was resolved with a third reviewer through discussion.
Quality assessment
The methodological quality of included animal studies was evaluated on the basis of the SYRCLE’s RoB tool. The SYRCLE’s RoB tool for animal experiments involves 10 entries based on six types of bias: 1) Sequence generation (selection bias); 2) Baseline characteristics (selection bias); 3) Allocation concealment (selection bias); 4) Random housing (performance bias); 5) Blinding (performance bias); 6) Random outcome assessment (detection bias); 7) Blinding (detection bias); 8) Incomplete outcome data (attrition bias); 9) Selective outcome reporting (reporting bias); 10) Other sources of bias (other). The results of the evaluation are “yes,” “no” and “unclear,” representing “low risk of bias,” “high risk of bias” and “insufficient details have been reported to assess the risk of bias properly” (Hooijmans et al., 2014).
Two reviewers conducted methodological quality evaluation independently. Moreover, disagreement between reviewers over the quality assessment was resolved with a third reviewer through discussion.
Statistical analysis
All the outcome measures were continuous variable (e.g., DAI, CMDI, and CHS), so standardized mean difference (SMD) was considered to describe the effect sizes of the intervention effect. Random-effects (DerSimonian and Laird) method was employed for this meta-analysis because this model incorporated between-study variability and provided more conservative pooled estimates (Becic and Studenik, 2018). To identify and measure between-study heterogeneity, the chi-squared test and I2 statistics (I2 describes the percentage of the variability in effect estimates) were implemented. The chi-squared test with a significance level of α = 0.1 was used as statistical measure of heterogeneity. 0% < I2 < 40%: might not be important; 30% < I2 < 60%: may represent moderate heterogeneity; 50% < I2 < 90%: may represent substantial heterogeneity; 75% < I2 < 100%: considerable heterogeneity (Higgins et al., 2019). Subgroup analysis was performed to explore the potential sources of heterogeneity and the influence of several factors on the pooled effect sizes based on following variables if there were adequate studies: intervention duration (≤ 7 days, > 7 days), dosage (low ≤ 100 mg/kg, 100 < medium ≤ 200 mg/kg, high > 200 mg/kg), species (rat, mice), UC models (DSS, DNCB, and TNBS). Sensitivity analysis was performed to assess the robustness of the pooled results by removing a single study at each stage. Publication bias was assessed using the funnel plot as well as the Egger’s test (Egger et al., 1997) if there were at least 10 studies for each outcome. With regard to Egger’s test, a p-value < 0.05 was considered as statistically significant (Egger et al., 1997). Meta-analysis, subgroup analysis and sensitivity analysis were performed by using STATA 12.0 software.
RESULTS
Study inclusion
A total number of 262 animal studies were identified based on the databases searching for systematic review and meta-analysis. After removing duplicates, 158 publications remained. While screening titles and abstracts, 115 animal studies were eliminated due to the following reasons: 1) review articles; 2) clinical trials; 3) case report; 4) not APS or UC; 5) others (e.g., research on the design, preparation and evaluation of pharmaceutical preparations and extraction of active ingredients of the drug). Then, the full-text screening of the 43 remaining publications revealed that 23 studies were unqualified because of the following reasons: 1) studies without full text (n = 2); 2) inappropriate outcome measures (n = 10); 3) conference proceedings (n = 2); 4) unpublished data (n = 9). Ultimately, 20 eligible publications were incorporated in the systematic review and meta-analysis. The process of study selection was provided in Figure 1.
[image: Figure 1]FIGURE 1 | Flow diagram of the study selection process for this review.
Study characteristics
Twenty eligible studies including 39 pair-wise comparisons were published between 2010 and 2021. A total of 591 animals were included in these studies. All animals in the experimental group was 393 and that in the control group was 198. Animal species including rat and mice were included in meta-analysis, six studies (30%) of all which used mice, and 14 studies (70%) used rats. The weight of rats ranged from 130 to 250 g in all studies and that of mice ranged from 18 to 22 g, two studies did not report the weight of animals. There were three types of animal models in these studies, namely TNBS-induced UC (65%), DNCB-induced UC (10%), and DSS-mediated UC (25%).
Three levels (low, middle, and high) of APS dosage were implemented in these studies and the dosage ranged from 100 to 2000 mg/kg, two studies did not report APS dose. Control group mainly consisted of water, saline and no intervention. Ten studies (50%) selected saline as control intervention, five studies (25%) adopted water, and the rest five studies (25%) had no intervention. The intervention duration included short duration (≤ 7 days) and long duration (> 7 days). Twelve studies (60%) applied long duration and eight studies (40%) utilized short duration. The characteristics of 20 eligible studies were displayed in Table 1 (Gao et al., 2010; Dai et al., 2011; Guo et al., 2013; Yang et al., 2014; Zhao et al., 2015; Li and Gong, 2016; Zhao et al., 2016; Lv et al., 2017; Zang et al., 2017; Liu, 2018; Zang et al., 2018; Zhao et al., 2018; Chen and Zhu, 2019; Pan et al., 2019; Shen et al., 2019; Yan et al., 2020; Song et al., 2021a; Song et al., 2021b; Tang et al., 2021; Zhong et al., 2021).
TABLE 1 | Characteristics of the included studies.
[image: Table 1]In this review, 15 original studies selected APS supplied by pharmaceutical company, four original studies prepared APS by themselves (Lv et al., 2017; Liu, 2018; Tang et al., 2021; Zhong et al., 2021), and one study did not report the source of APS. In the four original studies mentioned above, the preparation process of APS was as follows: 1) Lv et al., 2017: ① extraction with distilled water; ② deproteinization with sevage reagent; ③ precipitation with three times the volume of 95% ethanol; ④ polysaccharides precipitation was gathered by centrifugation; ⑤ wash with 95% ethanol and anhydrou -s ethanol; ⑥ suction and lyophilization. 2) Liu, 2018: ① extraction with distilled water; ② centrifugation; ③ deproteinization with sevage reagent; ④ precipitation with anhydrous ethanol; ⑤ wash with anhydrous ethanol, acetone and anhydrous ether; ⑥ vacuum drying. 3) Tang et al., 2021: ① extraction with distilled water; ② centrifugation; ③ precipitation with anhydrous ethanol; ④: centrifugation; ⑤ wash with anhydrous ethanol, acetone and anhydrous ether; ⑥ vacuum drying. 4) Zhong et al., 2021: this original study did not explain the specific preparation process, and only mentioned the application of ultrasound-assisted extraction and water extraction. A summary table describing the APS was outlined in Table 2.
TABLE 2 | A summary table describing the APS.
[image: Table 2]Study quality
Random allocation to the experimental group and control group was clarified in 17 studies (88%), and the remaining three studies did not mention the methods of allocation. None of the studies mentioned the distribution of baseline characteristics of animals between the experimental group and control group. None of the studies reported the application of allocation concealment. Random housing, blinding (performance bias) and random outcome assessment were not clarified in all studies. No study described blinding (detection bias). All these studies had complete outcome data and reported expected outcomes. With regard to other sources of bias, four studies (20%) stated that there was no conflict of interest among the authors, the rest 16 studies (80%) did not report it. The methodological quality of included studies was displayed in Table 3.
TABLE 3 | Risk of bias of included studies.
[image: Table 3]Effectiveness
DAI: Thirty-three pair-wise comparisons reported the influence of APS on DAI. The pooled results showed that APS could significantly decrease DAI scores compared with the control group (SMD = −2.21, 95% CI [−2.78, −1.65], p = 0.000; Heterogeneity: Chi2 = 141.49, p = 0.000; I2 = 77.4% Figure 2).
[image: Figure 2]FIGURE 2 | Pooled estimate of DAI with APS.
CMDI: Combining effect sizes from 18 pair-wise comparisons, a significant decrease in CMDI scores was observed after APS treatment, compared to that in the control group (SMD = −1.44, 95% CI [−1.82, −1.06], p = 0.000; Heterogeneity: Chi2 = 28.61, p = 0.038; I2 = 40.6% Figure 3).
[image: Figure 3]FIGURE 3 | Pooled estimate of CMDI with APS.
CHS: Nineteen pair-wise comparisons mentioned the impact of APS on CHS. This meta-analysis showed that APS could significantly decrease CHS scores compared with the control group (SMD = −2.91, 95% CI [−3.77, −2.04], p = 0.000; Heterogeneity: Chi2 = 103, p = 0.000; I2 = 82.5% Figure 4).
[image: Figure 4]FIGURE 4 | Pooled estimate of CHS with APS.
MPO: Twenty-four pair-wise comparisons mentioned the influence of APS on MPO. The pooled effect sizes indicated that APS could significantly decrease MPO activity compared with the control group (SMD = −3.70, 95% CI [−4.73, −2.66], p = 0.000; Heterogeneity: Chi2 = 181.98, p = 0.000; I2 = 87.4% Figure 5).
[image: Figure 5]FIGURE 5 | Pooled estimate of MPO with APS.
TNF-α: Combining effect sizes from twenty-four pair-wise comparisons, a significant reduction in TNF-α was recorded after APS treatment, compared to that in the control group (SMD = −2.34, 95% CI [−3.04, −1.65], p = 0.000; Heterogeneity: Chi2 = 106.08, p = 0.000; I2 = 78.3% Figure 6).
[image: Figure 6]FIGURE 6 | Pooled estimate of TNF-α with APS.
IL-6: With regard to the effect on IL-6 level, eleven pair-wise comparisons mentioned the influence of APS on this outcome. The pooled effect sizes showed that APS could significantly decrease IL-6 level compared with the control group (SMD = −3.68, 95% CI [−5.70, −1.67], p = 0.000; Heterogeneity: Chi2 = 121.98, p = 0.000; I2 = 91.8% Figure 7).
[image: Figure 7]FIGURE 7 | Pooled estimate of IL-6 with APS.
IL-1β: Effect sizes for IL-1β were pooled from a total of 15 pair-wise comparisons. There was a significant association of APS with IL-1β level (SMD = −3.04, 95% CI [−3.96, −2.12], p = 0.000; Heterogeneity: Chi2 = 55.28, p = 0.000; I2 = 74.7% Figure 8).
[image: Figure 8]FIGURE 8 | Pooled estimate of IL-1β with APS.
SOD: Ten pair-wise comparisons reported the impact of APS on SOD. The pooled effect sizes showed that APS could significantly increase SOD level compared with control group (SMD = 4.90, 95% CI [3.11, 6.70], p = 0.000; Heterogeneity: Chi2 = 82.62, p = 0.000; I2 = 89.1% Figure 9).
[image: Figure 9]FIGURE 9 | Pooled estimate of SOD with APS.
MDA: Effect sizes for MDA were pooled from a total of ten pair-wise comparisons. There was a significant association of APS with MDA level (SMD = −5.02, 95% CI [−7.02, −3.01], p = 0.000; Heterogeneity: Chi2 = 100.39, p = 0.000; I2 = 91.0% Figure 10).
[image: Figure 10]FIGURE 10 | Pooled estimate of MDA with APS.
Subgroup analysis
DAI: Subgroup analysis was conducted according to UC models, dosage, intervention duration and species. More beneficial effects were recorded when studies employed DSS-induced UC (p = 0.000), medium dosage (p = 0.000), intervention duration of ≤ 7 days (p = 0.001) and mice (p = 0.000) (Supplementary Table S1).
CMDI: The included studies were stratified based on variables including UC models, dosage and intervention duration. Better therapeutic effects of APS administration were observed when studies used DNCB-induced UC models (p = 0.000), medium dose (p = 0.006) and intervention duration of ≤ 7 days (p = 0.000) (Supplementary Table S1).
CHS: Subgroup analysis was conducted according to UC models, dosage, intervention duration and species. More beneficial effects were observed when studies employed DSS-induced UC (p = 0.000), medium dosage (p = 0.000), intervention duration of > 7 days (p = 0.000) and mice (p = 0.000) (Supplementary Table S1).
MPO: Subgroup analysis was conducted based on UC models, intervention duration, dosage and species. More beneficial effects were demonstrated when studies applied DSS-induced UC (p = 0.000), intervention duration of > 7 days (p = 0.000) and high dosage (p = 0.000), as well as studies that employed mice (p = 0.000) (Supplementary Table S1).
TNF-α: Subgroup analysis was conducted based on UC models, intervention duration, dosage and species. More beneficial effects were demonstrated when studies applied DSS-induced UC (p = 0.000), intervention duration of > 7 days (p = 0.000) and medium dosage (p = 0.000), as well as studies that employed mice (p = 0.000) (Supplementary Table S1).
IL-6: The included studies were stratified based on variables including UC models, dosage, intervention duration and species. More beneficial effects were observed when studies used DSS-induced UC (p = 0.000), medium dose (p = 0.018), duration of > 7 days and mice (p = 0.000) (Supplementary Table S1).
IL-1β: Subgroup analysis was performed in terms of UC models, duration, dosage and species. More beneficial effects were recorded when studies employed TNBS-induced UC (p = 0.000), intervention duration of ≤ 7 days (p = 0.001) and medium dosage (p = 0.000), as well as studies that employed rat (p = 0.000) (Supplementary Table S1).
SOD: Subgroup analysis was performed in terms of UC models, duration, dosage and species. More beneficial effects were recorded when studies employed DSS-induced UC (p = 0.000), intervention duration of > 7 days (p = 0.000) and high dosage (p = 0.033), as well as studies that employed mice (p = 0.000) (Supplementary Table S1).
MDA: Subgroup analysis was conducted based on UC models, intervention duration, dosage and species. More beneficial effects were demonstrated when studies applied DSS-induced UC (p = 0.000), intervention duration of > 7 days (p = 0.000) and high dosage (p = 0.006), as well as studies that employed mice (p = 0.000) (Supplementary Table S1).
Sensitivity analysis
With regard to all outcome measures, sensitivity analysis was performed by removing a single study at each stage and the pooled results suggested that no individual study significantly influenced the overall effect sizes (Supplementary Figures S1–S9).
Publication bias
DAI: Visual inspection of funnel plots showed asymmetry for the effect of APS on DAI (Supplementary Figure S10), and the result of Egger’s test was statistically significant (intercept: −4.74, 95% CI [−5.78, −3.71]; p = 0.000).
CMDI: Visual inspection of funnel plots indicated asymmetry for the effect of APS on CMDI (Supplementary Figure S11), and the result of Egger’s test was statistically significant (intercept: −3.08, 95% CI [−5.11, −1.05]; p = 0.005).
CHS: Funnel plots indicated asymmetry for the effect of APS on CHS (Supplementary Figure S12), while the result of Egger’s test was statistically significant (intercept: −4.91, 95% CI [−6.55, −3.26]; p = 0.000).
MPO: Funnel plots suggested asymmetry for the influence of APS on MPO (Supplementary Figure S13), while the result of Egger’s test was statistically significant (intercept: −5.67, 95% CI [−6.62, −4.73]; p = 0.000).
TNF-α: Funnel plots suggested asymmetry for the effect of APS on TNF-α (Supplementary Figure S14), and the result of Egger’s test was statistically significant (intercept: −5.76, 95% CI [−6.82, −4.70]; p = 0.000).
IL-6: Funnel plots indicated asymmetry for the effect of APS on IL-6 (Supplementary Figure S15), while the result of Egger’s test was statistically significant (intercept: −6.21, 95% CI [−7.09, −5.34]; p = 0.000).
IL-1β: Funnel plots indicated asymmetry for the effect of APS on IL-1β (Supplementary Figure S16), while the result of Egger’s test was statistically significant (intercept: −4.45, 95% CI [−5.55, −3.36]; p = 0.000).
SOD: Funnel plots showed asymmetry for the effect of APS on SOD (Supplementary Figure S17), while the result of Egger’s test was statistically significant (intercept: 6.00, 95% CI [5.12, 6.88]; p = 0.000).
MDA: Funnel plots showed asymmetry for the effect of APS on MDA (Supplementary Figure S18), while the result of Egger’s test was statistically significant (intercept: −5.98, 95% CI [−6.68, −5.28]; p = 0.000).
DISCUSSION
Efficacy of astragalus polysaccharide
The present systematic review and meta-analysis primarily intended to assess the anti-inflammatory and antioxidant activities of APS when used in the treatment of UC. The results showed that APS was significantly associated with a lower level of TNF-α, IL-6, IL-1β, MPO, and MDA and a higher level of SOD. In addition, sensitivity analysis that eliminated a single study at each stage did not change these results. On the basis of above findings, this meta-analysis demonstrated that APS could confer protection against experimental UC by inhibiting inflammation and decreasing oxidative stress.
Implication for further studies
APS is a water-soluble component with greater polarity in Astragalus membranaceus. Currently, the extraction methods of APS consist of enzymatic hydrolysis, ultrasonic extraction and water extraction. However, water extraction is more common (Rui et al., 2019). After the extraction, APS should be further separated and purified. The methods of separation and purification consist of graded alcohol precipitation, gel column chromatography, macroporous resin adsorption and quaternary ammonium salt complex method (Liu et al., 2021). Because of the complicated extraction and purification process, the molecular weight distribution of the extracted APS is uneven. A recent work obtained two different molecular weight APS through extraction and purification: APS Ⅰ (molecular weight: 10.6 kDa) and APS Ⅱ (molecular weight: 2,470 kDa). APS Ⅰ is composed of mannose, rhamnose, glucuronic acid, galacturonic acid, glucose and galactose, and APS Ⅱ consists of mannose, rhamnose, glucuronic acid, galacturonic acid, glucose, galactose and xylose (Tang et al., 2014). Another study showed that APS contains APS Ⅰ (more than 2000 kDa) and APS II (10 kDa), and both are composed of rhamnose, glucose, galactose, arabinose and galacturonic acid. However, the proportion of each monosaccharide in APS I and APS II is different (Fan et al., 2021). Due to its broad pharmacological effects, APS has received high attention in recent years.
DAI, CMDI, and CHS scores can appropriately reflect the degree of colonic mucosal tissues damage. Several reports found that APS treatment could significantly reduce DAI, CMDI, and CHS scores in the animal models of UC (Yang et al., 2014; Pan et al., 2019). In this meta-analysis, compared to that in the control group, DAI, CMDI and CHS scores were all significantly decreased in the experimental group. These results indicated that APS could markedly mitigate colonic damage. Early studies also found that APS dose-dependently decreased the DAI, CMDI and CHS scores (Li and Gong, 2016; Zang et al., 2018; Song et al., 2021b). However, A study by Guo et al. (2013) reported that the effects of APS on DAI and CMDI scores did not appear dose-dependent. Therefore, conflicting results about the dose-response effects of APS in the treatment of UC still exist. In this meta-analysis, with regard to DAI, CMDI, and CHS, the greatest therapeutic effects were observed in medium-dose group rather than in low-dose group and high-dose group. In other words, APS efficacy will gradually increase with the rise of APS dose, and the optimal therapeutic effect will be recorded after APS dosage reach a specific threshold (medium dosage). The therapeutic effect of APS will decrease while APS dosage exceed this specific threshold. Based on this result, variability in APS dosage may have an impact on efficacy, and medium-dosage APS is more suitable for the management of UC. Furthermore, whether an excessive dose of APS will suppress its efficacy in the treatment of UC should be further studied. No study reported the time-response effects of APS when used in the treatment of UC. Our subgroup analysis suggested that intervention duration of APS may influence the DAI and CMDI, and greatest therapeutic effects were recorded when studies had intervention duration of ≤ 7 days. Nevertheless, with regard to CHS, more beneficial effects were observed when studies applied intervention duration of > 7 days. Thus, it is insufficient to determine the appropriate intervention duration according to above inconsistent findings. This result may be due to the small sample size in the subgroup analysis and the heterogeneity among animal studies. In the future studies, whether the therapeutic effects of APS are influenced by intervention duration still needs to be further investigated.
Cytokines are believed to be involved in the pathogenesis of UC, where they control multiple critical aspects of the inflammatory response (Neurath, 2014). Patients with UC exhibited higher levels of pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-6, in colonic mucosal tissues (Ishiguro, 1999). TNF-α is considered to be the utmost powerful pro-inflammatory cytokines, and directly affects intestinal epithelial tissue. Furthermore, TNF-α activates the adaptive immune system of the intestine by recruiting and activating neutrophils and macrophages (Cho et al., 2011). IL-1β and IL-6 are also key mediators of the development of UC. Previous study found that APS was significantly associated with a lower level of TNF-α, IL-1β, and IL-6 (Song et al., 2021a). Results reported here were consistent with previous findings. A early study indicated that the therapeutic effects of APS on TNF-α level appear dose-dependent. Our meta-analysis showed that variability in APS dose could influence TNF-α level, and optimal efficacy of APS was found when studies applied medium-dose APS. As for IL-1β and IL-6, a great effect was also observed when studies had medium-dose APS. These results suggested the possibility of a significant association of APS dose with pro-inflammatory cytokines, and medium-dose APS could bring the greatest anti-inflammatory effects. For time-response effects, our subgroup analysis suggested that intervention duration of APS might have an influence on the level of TNF-α and IL-6, and greatest therapeutic effects were recorded when studies had intervention duration of > 7 days. However, with regard to IL-1β, more beneficial effects were observed when studies used intervention duration of ≤ 7 days. Small sample size may contribute to this inconsistent result. In the future studies, the time-response effects between APS and pro-inflammatory cytokines should still be clarified by increasing the sample size.
Another point that must be considered is anti-inflammatory cytokines, such as IL-10. The imbalance between pro-inflammatory cytokines and anti-inflammatory cytokines that occurs in UC prevents the improvement of inflammation and instead leads to disease perpetuation and tissue destruction (Neurath, 2014). However, few studies elucidated the efficacy of APS on anti-inflammatory cytokines. Hence, it is necessary to clarify the influence of APS on pro-inflammatory and anti-inflammatory cytokines in the future animal studies and clinical trials.
MPO is an enzyme with high content in neutrophils, and its activity changes represent the degree of neutrophil infiltration, so it has been used as a real measurable marker of inflammation in the colon (El-Shiekh et al., 2021). Increased MPO activity has been shown to hasten the progression of UC (Mandlik et al., 2021). Early reports showed that APS could significantly decrease MPO activity in experimental UC (Liu, 2018; Song et al., 2021a). Their findings were supported by our meta-analysis. In addition, A previous study reported that high-dose APS tended to have a better effect on MPO activity compared to low-dose APS. In the meta-analysis reported here, the highest effects were also recorded in high-dose group. For time-response effects, subgroup analysis indicated that intervention duration of APS could influence the MPO activity, more beneficial effects were observed when studies had intervention duration of > 7 days.
Oxidative stress is considered to be one of the etiologic factors involved in UC (Miyake et al., 2021). An imbalance between oxidative stress and antioxidant capacity, is believed to play an important role in modulating intestinal tissue damage (Zhao et al., 2021). SOD is an antioxidant enzyme found in mitochondria and the cytoplasm, which can keep the tissue’s redox balance in check (Mandlik et al., 2021). MDA is an unsaturated aldehyde produced by the oxidation of polyunsaturated fatty acids, and excessive MDA levels can cause structural modifications and immune responses (Mandlik et al., 2021). SOD and MDA are used in-vivo as a marker of oxidative stress. A previous study found that APS treatment could effectively mitigate colonic damage by reducing the MDA levels and recovering the SOD activity (Song et al., 2021a). Consistent with the previous findings, in the present study, reduced MDA levels and increased SOD levels were observed following APS treatment.
Inflammatory cytokines play an important role in the progression of UC. For the moment, the recognized pro-inflammatory cytokines mediating UC pathogenesis mainly include TNF-α, IL-1β, and IL-6. A clinical study found that the level of TNF-α was positively correlated with the degree of UC lesions (Wang et al., 2014). Another study also indicated that serum TNF-α levels in UC patients was significantly higher than those in the control group, and increased with the patient’s disease activity (Wu et al., 2017). TNF-α could activate nuclear factor-κB (NF-κB), which can promote the secretion of TNF-α and aggravate inflammatory response through the positive feedback (Berndt et al., 2007). Meanwhile, TNF-α can initiate cytotoxicity, apoptosis and acute phase reaction, and stimulate the secretion of IL-1β and IL-6, thus destroying the intestinal mucosal barrier (Sanchez-Munoz et al., 2008). IL-6 could activate signal transducer and activator of transcription-3 (STAT3) to induce anti-apoptotic factors BCL-XL and BCL-2, which can obstruct the apoptosis of T cells, and T cells gather in the inflammation areas, leading to the occurrence of UC (Jia and Guo, 2018). A Clinical study showed that serum IL-6 concentration in patients with UC was positively correlated with the severity of the UC (Zhang and Zhang, 2017). The primary function of IL-1β is to initiate and amplify inflammatory response. Normal intestinal mucosa produced very little mature IL-1β, while UC patients produced a large amount of mature IL-1β (Magyari et al., 2014). The increase of the above pro-inflammatory cytokines in UC is closely related to the adiponectin/TLR/NF-κB signaling pathway. A previous study suggested that APS can decrease TLR4 and NF-κBp65 levels and increase adiponectin levels in colonic tissues of mice with UC, thereby inhibiting the release of TNF-α and IL-6 (Song et al., 2021a). Another study indicated that the change of pro-inflammatory cytokines levels was correlated with nuclear factor of activated T cell-4 (NFATc4). After APS treatment, while TNF-α and IL-1β expression was down-regulated, NFATc4 mRNA and protein expression was further up-regulated (Yang et al., 2014). According to the discussion above, further studies are needed to clarify the exact role of adiponectin/TLR/NF-κB signaling pathway and NFATc4 in UC and how they interact with TNF-α, IL-1β, and IL-6. MPO is secreted by neutrophils, and its activity is an important indicator of neutrophils infiltration. Moreover, MPO can indirectly reflect the degree of intestinal inflammatory activity in UC patients (Xu et al., 2006). Oxidative stress is another important factor to promote the occurrence and development of UC. Free radicals are produced in the form of neutrophil “respiratory burst.” After a series of peroxidatic reaction, the final product of oxygenation is MDA, which can accelerate the activation of inflammatory cells by damaging biological macromolecules such as proteins and DNA, stimulate the overexpression of inflammatory cytokines (Li and Gong, 2016). SOD is an antioxidant enzyme that scavenge excess free radicals to protect cells. Therefore, inflammation and oxidative stress play an important role in the occurrence and development of UC. Meanwhile, these two aspects can influence each other, and are not completely separated. Thus, it is necessary to pay attention to the changes of inflammatory markers and oxidative stress markers at the same time when APS is applied to treat UC.
Every medical intervention is accompanied by adverse effects, thus attention should also be paid to whether APS had adverse effects. Early acute toxicity test showed that the acute, oral maximum-tolerated dosage (MTD) of APS to rats was more than 15.0 g/kg bw, which was equivalent to 300 times of the recommended value to human body. Furthermore, the 30-day feeding study indicated that all the doses of 1.25, 2.50, and 5.00 g/kg bw did not produce obvious adverse effects on the body weight, organ growth and blood biochemical indicators in rats. In addition, genotoxicity studies including mouse bone marrow cell micro-nucleus test, mouse sperm aberration test and Ames test were all negative (Zhaorigeritu et al., 2009). A previous study performed acute toxicity test and sub-chronic toxicity test on mice. In acute toxicity test, all mice survived healthily, and no damage was observed on the organs except the enlarged spleen. Moreover, no adverse effects were observed in sub-chronic toxicity test (Liu et al., 1996). According to these studies, APS had good safety and belonged to the category of non-toxic substances (Zhou et al., 2018). In this meta-analysis, no study mentioned the occurrence of adverse effects. The following two reasons could explain this result: the dosage and drug administration time of APS were within a appropriate range, which may not be sufficient to generate adverse effects. In addition, researcher did not report the occurrence of adverse events in the experiment. According to the aforementioned findings, it is important to focus on the following two aspects in the future studies: firstly, the adverse effects of APS are mainly confirmed in mice, rats and other animals, so caution is still needed in subsequent clinical trials. Secondly, some researchers did not report the occurrence of adverse events, which may lead others to believe that APS has no adverse effects. Therefore, whether there are adverse effects or not needs to be reported in the experiment.
Several limitations should be considered in this systematic review and meta-analysis. First, a number of studies did not report baseline characteristics between experimental group and control group. Second, Egger’s test and asymmetry of funnel plot showed that publication bias was existed, which could exaggerate the therapeutic effects of APS. Therefore, the positive finding of APS should be interpreted with caution. Third, some included studies were of poor quality. For example, some studies did not clarify randomization process in detail. Fourth, the accuracy of the dose-response effects and time-response effects might be affected because of the heterogeneity and small sample size.
CONCLUSION
In this meta-analysis, APS treatment could significantly alleviate colonic damage by reducing the levels of MPO, TNF-α, IL-6, IL-1β, and MDA and recovering the SOD activity. These results demonstrated a protective role of APS in experimental UC and suggested that the anti-inflammatory and antioxidant activity were implicated in the underlying mechanisms. Therefore, APS may represent a promising candidate for the treatment of UC. However, due to potential publication bias, a cautious interpretation is needed.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
AUTHOR CONTRIBUTIONS
H-CH, BJ, and X-LL designed the study; P-YX searched databases; WZ and LS collected the data; WZ and LS assessed the quality of study; H-CH and P-YX performed all analysis; H-CH and X-LL wrote the manuscript. All authors contributed to this systematic review and meta-analysis.
FUNDING
This work was funded by the National Natural Science Foundation of China (No. 82074327).
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.2022.1043236/full#supplementary-material
REFERENCES
 Becic, T., and Studenik, C. (2018). Effects of omega-3 supplementation on adipocyto- kines in prediabetes and type 2 diabetes mellitus: Systematic review and meta-analysis of randomized controlled trials. Diabetes Metab. J. 42, 101–116. doi:10.4093/dmj.2018.42.2.101
 Berndt, U., Bartsch, S., Philipsen, L., Danese, S., Wiedenmann, B., Dignass, A. U., et al. (2007). Proteomic analysis of the inflamed intestinal mucosa reveals distinctive immune response profiles in Crohn’s disease and ulcerative colitis. J. Immunol. 179, 295–304. doi:10.4049/jimmunol.179.1.295
 Bernstein, C. N., Eliakim, A., Fedail, S., Fried, M., Gearry, R., Goh, K. L., et al. (2016). World gastroenterology organisation global guidelines inflammatory bowel disease: Update august 2015. J. Clin. Gastroenterol. 50, 803–818. doi:10.1097/MCG.0000000000000660
 Bressler, B., Marshall, J. K., Bernstein, C. N., Bitton, A., Jones, J., Leontiadis, G. I., et al. (2015). Clinical practice guidelines for the medical management of nonhospitali- zed ulcerative colitis: The toronto consensus. Gastroenterology 148, 1035–1058. e3. doi:10.1053/j.gastro.2015.03.001
 Chen, M. M., and Zhu, S. D. (2019). Effects of APS on regeneration and repair of colonic mucosa in UC rats. Clin. J. Chin. Med. 11, 1–6. doi:10.3969/j.issn.1674-7860.2019.31.001
 Cho, E. J., Shin, J. S., Noh, Y. S., Cho, Y. W., Hong, S. J., Park, J. H., et al. (2011). Anti-inflammatory effects of methanol extract of Patrinia scabiosaefolia in mice with ulcerative colitis. J. Ethnopharmacol. 136, 428–435. doi:10.1016/j.jep.2010.04.047
 Dai, J. Y., Gao, Y. J., and Zhu, F. (2011). Modulation of dendritic cells phenotype by Astragalus polysaccharides in experimental colitis in rats. Chin. J. Clin. Nutr. 19, 93–97. doi:10.3760/cma.j.issn.1674-635X.2011.02.006
 Danese, S., and Fiocchi, C. (2011). Ulcerative colitis. N. Engl. J. Med. 365, 1713–1725. doi:10.1056/NEJMra1102942
 Duan, L., Cheng, S. Y., Li, L., Liu, Y. L., Wang, D., and Liu, G. Y. (2021). Natural anti-inflammatory compounds as drug candidates for inflammatory bowel disease. Front. Pharmacol. 12, 684486. doi:10.3389/fphar.2021.684486
 Egger, M., Davey Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta- analysis detected by a simple, graphical test. BMJ 315, 629–634. doi:10.1136/bmj.315.7109.629
 El-Shiekh, R. A., Hussein, D., Atta, A. H., Mounier, S. M., Mousa Shiekh, M. R., and Abdel-Sattar, E. (2021). Anti-inflammatory activity of Jasminum grandiflorum L. subsp. floribundum (Oleaceae) in inflammatory bowel disease and arthritis models. Biomed. Pharmacother. 140, 111770. doi:10.1016/j.biopha.2021.111770
 Fan, X. H., Li, K., Yang, Y. D., Qin, X. M., Li, Z. Y., and Li, X. Q. (2021). Preliminary study on structure and activity of anti-inflammatory components in astragalus polysaccharides. J. Shanxi Med. Univ. 52, 1346–1356. doi:10.13753/j.issn.1007-6611.2021.10.016
 Gao, Y. J., Zhu, F., and Qian, J. M. (2010). Effects of Astragalus polysaccharides on 2, 4, 6-trinitrobenzenesuifonic acid-induced colitis in rats. Chin. J. Clin. Nutr. 18, 209–213. doi:10.3760/cma.j.issn.1674-635X.2010.04.04
 Guo, Y., Sun, C. F., Wan, C. G., You, H. Q., and Lei, J. C. (2013). Effects of Astragalus polysacharide on Th17 cell of experimental colitis in rats. Chin. Arch. Tradit. Chin. Med. 31, 1375–1377. doi:10.13193/j.zrchtcm.2013.06.161.guoy.055
 Harbord, M., Eliakim, R., Bettenworth, D., Karmiris, K., Katsanos, K., Kopylov, U., et al. (2017). Third European evidence-based consensus on diagnosis and management of ulcerative colitis. Part 2: Current management. J. Crohns Colitis 11, 769–784. doi:10.1093/ecco-jcc/jjx009
 Higgins, J. P. T., Eldridge, S., and Li, T. (2019). “Chapter 23: Including variants on randomized trials,” in Cochrane Handbook for systematic reviews of interventions ed . Editors J. P. T. Higgins, J. Thomas, J. Chandler, M. Cumpston, T. Li, M. J. Page, et al. (London: Cochrane Collaboration). Available from: www.training.cochrane.org/handbook (Accessed July 20, 2022). 
 Hooijmans, C. R., Rovers, M. M., de Vries, R. B., Leenaars, M., RitskesHoitinga, M., and Langendam, M. W. (2014). SYRCLE’s risk of bias tool for animal studies. BMC Med. Res. Methodol. 14, 43. doi:10.1186/1471-2288-14-43
 Ishiguro, Y. (1999). Mucosal proinflammatory cytokine production correlates with endoscopic activity of ulcerative colitis. J. Gastroenterol. 34, 66–74. doi:10.1007/s005350050218
 Jia, X. H., and Guo, Y. H. (2018). Research progress of immune factors in the pathogenesis of ulcerative colitis. Syst. Med. 3, 180–182. doi:10.19368/j.cnki.2096-1782.2018.07.180
 Jostins, L., Ripke, S., Weersma, R. K., Duerr, R. H., McGovern, D. P., Hui, K. Y., et al. (2012). Host-microbe interactions have shaped the genetic architecture of inflammatory bowel disease. Nature 491, 119–124. doi:10.1038/nature11582
 Kobayashi, T., Siegmund, B., Le Berre, C., Wei, S. C., Ferrante, M., Shen, B., et al. (2020). Ulcerative colitis. Nat. Rev. Dis. Prim. 6, 74. doi:10.1038/s41572-020-0205-x
 Kornbluth, A., and Sachar, D. B. (2010). Ulcerative colitis practice guidelines in adults: American college of gastroenterology, practice parameters committee. Am. J. Gastroenterol. 105, 501–523. doi:10.1038/ajg.2009.727
 Li, R. F., and Gong, J. (2016). Protective effects of astragalus polysaccharide on ulcerative colitis rats induced by Trinitrobenzene Dulfonic Acid. Amino Acids Bio Resour. 38, 25–29. doi:10.14188/j.ajsh.2016.03.006
 Liu, C. G. (2018). Effect of astragalus polysaccharide on intestinal mucosal barrier in rats with ulcerative colitis. Home Med. 8, 153–154. doi:10.3969/j.issn.1671-4954.2018.08.197
 Liu, J. Z., van Sommeren, S., Huang, H., Ng, S. C., Alberts, R., Takahashi, A., et al. (2015). Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight shared genetic risk across populations. Nat. Genet. 47, 979–986. doi:10.1038/ng.3359
 Liu, R. Z., Li, S. X., Jiang, L., and Wang, H. (1996). Study on the toxicology of astragalus polysaccharide injection. Heilongjiang Anim. Sci. Vet. Med. 12, 4–5. 
 Liu, Y., Zhang, J. L., Deng, Y. L., Ren, H. M., Xia, L. T., Liu, M. M., et al. (2021). Research progress on extraction, separation, purification and pharmacological action of as astragalus polysaccharides. Chin. J. Tradit. Chin. Med. Pharm. 36, 6035–6038. 
 Loftus, E. V. (2004). Clinical epidemiology of inflammatory bowel disease: Incidence, prevalence, and environmental influences. Gastroenterology 126, 1504–1517. doi:10.1053/j.gastro.2004.01.063
 Lv, J., Zhang, Y., Tian, Z., Liu, F., Shi, Y., Liu, Y., et al. (2017). Astragalus polysaccharides protect against dextran sulfate sodium-induced colitis by inhibiting NF-κВ activation. Int. J. Biol. Macromol. 98, 723–729. doi:10.1016/j.ijbiomac.2017.02.024
 Magyari, L., Kovesdi, E., Sarlos, P., Javorhazy, A., Sumegi, K., and Melegh, B. (2014). Interleukin and interleukin receptor gene polymorphisms in inflammatory bowel diseases susceptibility. World J. Gastroenterol. 20, 3208–3222. doi:10.3748/wjg.v20.i12.3208
 Mandlik, D. S., Mandlik, S. K., and Patel, S. (2021). Protective effect of sarsasapogenin in TNBS induced ulcerative colitis in rats associated with downregulation of pro-inflammatory mediators and oxidative stress. inTNBS induced ulcerative colitis in rats associated with downregulation of pro-inflammatory mediators and oxidative stress. Immunopharmacol. Immunotoxicol. 43, 571–583. doi:10.1080/08923973.2021.1955919
 Miyake, Y., Tanaka, K., Nagata, C., Furukawa, S., Andoh, A., Yokoyama, T., et al. (2021). Dietary intake of vegetables, fruit, and antioxidants and risk of ulcerative colitis: A case-control study in Japan. Nutrition 91-92, 111378. doi:10.1016/j.nut.2021.111378
 Neurath, M. F. (2014). Cytokines in inflammatory bowel disease. Nat. Rev. Immunol. 14, 329–342. doi:10.1038/nri3661
 Olivera, P., Danese, S., and Peyrin-Biroulet, L. (2017). JAK inhibition in inflammato- ry bowel disease. Expert Rev. Clin. Immunol. 13, 693–703. doi:10.1080/1744666X.2017.1291342
 Pan, W. J., Zhang, L. F., and Li, L. (2019). A study on effect of astragalus polysaccharide on rats with ulcerative colitis and its mechanism. J. New Chin. Med. 51, 13–16. doi:10.13457/j.cnki.jncm.2019.09.004
 Rui, W., Li, C. Y., and Chen, H. Y. (2019). Progress of structure characterization and biological activities of astragalus polysaccharides. Tradit. Chin. Drug Res. Clin. Pharm. 30, 264–270. doi:10.19378/j.issn.1003-9783.2019.02.022
 Sanchez-Munoz, F., Dominguez-Lopez, A., and Yamamoto-Furusho, J. K. (2008). Role of cytokines in inflammatory bowel disease. World J. Gastroenterol. 21, 4280–4288. doi:10.3748/wjg.14.4280
 Shan, G. Z., Ye, X. T., and Pu, P. (2007). MicroRNA and brain tumors. Chin. J. Clin. Oncol. 34, 355–359. doi:10.1007/s11805-007-0355-6
 Shen, R., Zhang, Y., and Cheng, S. (2019). Effect of Astragalus polysaccharide on intestinal inflammation responses and colonic mucosal JAK/STAT pathway in rats with ulcerative colitis induced by TNBS. Acta Medica Mediterr. 35, 1855–1859. doi:10.19193/0393-6384_2019_4_289
 Song, Y., He, Y. H., Yang, F., Luo, M., and Liu, Y. (2021b). Astragalus polysaccharide attenuates ulcerative colitis in mice by activating adiponectin signaling pathway. Chin. J. Pathophysiol. 37, 315–321. doi:10.3969/j.issn.1000-4718.2021.02.017
 Song, Y., He, Y. H., Yang, F., Luo, M., and Liu, Y. (2021a). Regulatory effect of astragalus polysaccharide on adiponectin/TLR/NF-κB signal pathway in mice with ulcerative colitis. Chin. J. Immunol. 37, 1319–1324. doi:10.3969/j.issn.1000-484X.2021.11.008
 Tang, S., Liu, W., Zhao, Q. Q., Li, K. D., Zhu, J. Y., Yao, W. B., et al. (2021). Combination of polysaccharides from Astragalus membranaceus and Codonopsis pilosula ameliorated mice colitis and underlying mechanisms. J. Ethnopharmacol. 264, 113280. doi:10.1016/j.jep.2020.113280
 Tang, Y. W., Zhang, Y., Wang, Y. L., Zhao, H., and Shen, Y. (2014). Isolation and structure feature analysis of Astragalus polysaccharides. Lishizhen Med. Mater Med. Res. 25, 1097–1100. doi:10.3969/j.issn.1008-0805.2014.05.030
 Ungaro, R., Mehandru, S., Allen, P. B., Peyrin-Biroulet, L., and Colombel, J. F. (2017). Ulcerative colitis. Lancet 389, 1756–1770. doi:10.1016/S0140-6736(16)32126-2126-2
 Wang, Y. J., Lv, Y. H., Dong, J., and Xie, R. S. (2014). The relationship between ulcerative colitis with the Chinese medicine syndrome and TNF-α. Chin. J. Integr. Trad. West Med. Dig. 22, 525–528. doi:10.3969/j.issn.1671-038X.2014.09.10
 Wang, Y., Yang, Z. G., Wang, Y. H., Li, J., Wang, D., and Li, L. W. (2021). Research progress on immune regulation of astragalus polysaccharide and ginseng polysacch -arides. J. Food Saf. Qual. 12, 891–897. doi:10.19812/j.cnki.jfsq11-5956/ts.2021.03.010
 Wu, B. Z., Liu, J. F., Huang, L. C., Chen, Y. Q., Li, S. H., and Liu, Y. X. (2017). Expression of new IL- factor in patients with ulcerative colitis. Chin. Med. Pharm. 7, 223–225+237. doi:10.3969/j.issn.2095-0616.2017.13.068
 Xu, P., Xu, D. S., Chen, J., Lv, N. H., and Wang, C. W. (2006). Clinical value of myeloperoxidase (MPO) monitoring in activity of inflammatory bowel disease. Jiangxi Med. J. 41, 732–734. doi:10.3969/j.issn.1006-2238.2006.10.006
 Yan, L. J., Hong, T., Wang, F. L., Li, J., Tian, S., Zhang, D., et al. (2017). Optimization of aqueous extraction for polysaccharides from Astragali Radix and the in vitro antitumor activity. Chin. Tradit. Pat. Med. 39, 2045–2049. doi:10.3969/j.issn.1001-1528.2017.10.011
 Yan, X., Lu, Q. G., Zeng, L., Li, X. H., Liu, Y., Du, X. F., et al. (2020). Synergistic protection of astragalus polysaccharides and matrine against ulcerative colitis and associated lung injury in rats. World J. Gastroenterol. 26, 55–69. doi:10.3748/wjg.v26.i1.55g.v26.i1.55
 Yang, M., Lin, H. B., Gong, S. T., Chen, P. Y., Geng, L. L., Zeng, Y. M., et al. (2014). Effect of Astragalus polysaccharides on expression of TNF-α, IL-1β and NFATc4 in a rat model of experimental colitis. Cytokine 70, 81–86. doi:10.1016/j.cyto.2014.07.250
 Zang, K. H., Li, Y. D., Zhu, L. J., Li, T., Chen, L. J., Yue, J., et al. (2018). The repairing effect of astragalus polysaccharides on the colonic mucosa of rats with ulcerative colitis research on its mechanism of action. J. Gansu Univ. Chin. Med. 35, 5–10. doi:10.16841/j.issn1003-8450.2018.03.02
 Zang, K. H., Wu, J. J., Qin, H. Y., Wu, G. T., Duan, H. J., and Ren, Y. (2017). Effect of Astragalus polysaccharide on intestinal mucosal barrier in rats with ulcerative colitis. J. Chin. Med. Mater 40, 208–211. doi:10.13863/j.issn1001-4454.2017.01.0046
 Zhang, Y. X., and Zhang, K. Y. (2017). Expression and clinical significance of PCT, IL-6 and IL-23 in inflammatory mucosa of patients with ulcerative colitis. Chin. J. Gerontol. 37, 3537–3538. doi:10.3969/j.issn.1005-9202.2017.14.070
 Zhao, C., Huang, H., Pan, Q., Huang, W., Peng, W., Xu, H., et al. (2021). Unconjugated bilirubin attenuates DSS-induced colitis potentially via enhancement of bilirubin reabsorption. Front. Pharmacol. 12, 654808. doi:10.3389/fphar.2021.65480808
 Zhao, H. M., Huang, M. F., Liu, D. Y., Xu, R., Wang, X., Zhou, Y., et al. (2015). Regulation of astragalus polysaccharides on PI3K/Akt signaling in colonic mucosa of rats with acute ulcerative colitis. Chin. Tradit. Pat. Med. 37, 2029–2031. doi:10.3969/j.issn.1001-1528.2015.09.035
 Zhao, H. M., Lu, X. Y., Yue, H. Y., Liu, Y., Liu, X. K., Huang, X. Y., et al. (2018). Regulation of Astragalus polysaccharide treated colitis mice by JAK/STAT signaling pathway. Chin. Pharmacol. Bull. 34, 145–146. doi:10.3969/j.issn.1001-1978.2018.01.030
 Zhao, H. M., Wang, Y., Huang, X. Y., Huang, M. F., Xu, R., Yue, H. Y., et al. (2016). Astragalus polysaccharide attenuates rat experimental colitis by inducing regulatory T cells in intestinal Peyer’s patches. World J. Gastroenterol. 22, 3175–3185. doi:10.3748/wjg.v22.i11.3175
 Zhaogeritu, R. S., Han, J. F., Ma, C. J., Ling, X., and Geriletu, B. R. J. H. (2009). Safety evaluation of astragalus polysaccharide. Food Sci. 30, 309–313. doi:10.3321/j.issn:1002-6630.2009.19.074
 Zhong, M., Li, X. Y., Hao, J. M., and Ren, J. W. (2021). Anti-inflammatory effect of astragalus polysaccharide from astragali radix on mice with ulcerative colitis. Sci. Technol. Food Ind. 42, 325–330. doi:10.13386/j.issn1002-0306.2020090241
 Zhou, L. Y., Tian, Z. R., Liu, S., F., Chen, X. Q., Cui, X. J., and Wang, Y. J. (2018). Review on neuroprotection effect of Astragali Radix on central nervous system and related toxicology. Chin. Tradit. Herb. Drugs 49, 4935–4944. doi:10.7501/j.issn.0253-2670.2018.20.034
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 Hu, Zhang, Xiong, Song, Jia and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-1043236-t003.jpg
Study
year

S
@
=
B
3
3

@) ©) (10)

Gao et al. (2010)
Dai et al. (2011)
Guo et al. (2013)
Yang et al. (2014)
Zhao et al. (2015)
Zhao et al. (2016)
Li and Gong (2016)
Lv et al. (2017)
Zang et al. (2017)
Liu (2018)

Zang et al. (2018)
Zhao et al. (2018)
Shen et al. (2019)
Chen and Zhu (2019)
Pan et al. (2019)
Yan et al. (2020)
Song et al. (2021a)
Song et al. (2021b)
Tang et al. (2021)
Zhong et al. (2021)

R e T T T B B
cEio g gGgSEg g gl agee
e et aeddaBggEEe
g dgiddcdd g g edadggiae
(ST T T - R = R = = - Y~ - < = R~ - T
GEEdEge e B sEE sEER
SE Yy Y Y e P
R e T T T T T T e R B
I T B T B
gHgddidddgdagdR g dudigd

1) sequence generation; 2) baseline characteristics; 3) allocation concealment; 4) random housing; 5) blinding (performance bias); 6) random outcome assessment; 7) blinding (detection
bias); 8) incomplete outcome data; 9) selective outcome reporting; 10) other sources of bias; Y, yes; N, no; U, unclear.






OPS/xhtml/nav.xhtml
Contents

		Cover

		Anti-inflammatory and antioxidant activity of astragalus polysaccharide in ulcerative colitis: A systematic review and meta-analysis of animal studies		Introduction

		Methods		Search strategies

		Inclusion criteria

		Exclusion criteria

		Study selection and data extraction

		Quality assessment

		Statistical analysis





		Results		Study inclusion

		Study characteristics

		Study quality

		Effectiveness

		Subgroup analysis

		Sensitivity analysis

		Publication bias





		Discussion		Efficacy of astragalus polysaccharide

		Implication for further studies





		Conclusion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/fphar-13-1043236-t002.jpg
Study year

Gao et al. (2010)
Dai et al. (2011)
Guo et al. (2013)
Yang et al. (2014)
Zhao et al. (2015)
Zhao et al. (2016)
Li and Gong (2016)
Lv et al. (2017)
Zang et al. (2017)
Liu (2018)

Zang et al. (2018)
Zhao et al. (2018)
Shen et al. (2019)
Chen and Zhu (2019)
Pan et al. (2019)
Yan et al. (2020)
Song et al. (2021a)
Song et al. (2021b)
Tang et al. (2021)
Zhong et al. (2021)

Abbreviati

Compound,
concentration

Pure compound
Pure compound
Pure compound
NR

Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound
Pure compound

Pure compound

Source and batch number

Shaanxi Scipha Biotechnology Co., Ltd., Shaanxi, China (HQ090430)
Shaanxi Scipha Biotechnology Co., Ltd., Shaanxi, China (HQ090430)

Nanjing ZeLang Medical Technology Co., Ltd., Nanjing, China (20,110,128)

NR
Shaanxi Scipha Biotechnology Co., Ltd., Shaanxi, China (HQ090312)
Shaanxi Scipha Biotechnology Co., Ltd., Shaanxi, China (HQ090312)
Shaanxi Scipha Biotechnology Co., Ltd., Shaanxi, China (HQ090312)
Purified by Lv et al. (2017)

Dalian Meilun Biotechnology Co., Ltd., Liaoning, China (A0418A)
Purified by Liu. (2018)

Dalian Meilun Biotechnology Co, Ltd.

iaoning, China (A0418A)
Shaanxi Scipha Biotechnology Co., Ltd., Shaanxi, China
iaoning, China (A0418A)

Dalian Meilun Biotechnology Co., Ltd,
Hangzhou Hoops Biotechnology Co., Ltd,, Zhejiang, China
Dalian Meilun Biotechnology Co., Ltd., Liaoning, China

Fuzhou Rimian Technology Development Co., Ltd, Fujian, China
Nanjing ZeLang Medical Technology Co., Ltd., Nanjing, China
Shanghai Yuanye Biotechnology Co., Ltd., Shanghai, China
Purified by Tang et al. (2021)

Purified by Zhong et al. (2021)

HPLC, high performance liquid chromatography; NR, no report.

Purity

90%
90%
90%
NR
>98%
>98%
>98%
87.4%
68%
NR
70%
NR
68%
90%
50%
NR
>90%
298%
NR
96.82%

Quality control
reported?

NR
NR
NR
NR
Y- HPLC
Y- HPLC
Y- HPLC
Y- HPLC
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR





OPS/images/fphar-13-1043236-t001.jpg
Study
year

Gao et al. (2010)
Dai et al. (2011)

Guo et al. (2013)

Yang etal. (2014)
Zhao etal. (2015)
Zhao et al. (2016)

Li and Gong
(2016)

Lv et al. (2017)
Zang et al. (2017)
Liu (2018)

Zang et al. (2018)
Zhao etal. (2018)
Shen et al. (2019)
Chen and Zhu,
(2019)

Pan et al. (2019)
Yan et al. (2020)

Song et al.
(2021a)

Song et al.
(2021b)

Tang etal. (2021)

Zhong et al.
(2021)

n=

(T, C)

8/8,8
88

9/10/10,9

99,9
10, 10
88

12/12/
12,12

10, 10
8/8/8,8
10/10/

10, 10
10/10/

10, 10
10, 10
10/10, 10

87

18,18
13,10

15/15/
15,15
8/8/8,8

8/8,8

10/10, 10

Species

Rat
Rat

Rat

Rat
Rat
Rat
Rat

Mice
Rat
Rat
Rat
Mice
Rat
Rat

Rat
Rat

Mice
Mice
Mice

Mice

‘Weight
(8

200-250
180-220

130-170

180-220
200-220
200-220
198-208

NR
180-200
180-200
180-220
18-22
180-220
130-170

180-200
190-210

20-22
18-22
NR

185-215

uc
models

TNBS
TNBS

DNCB

TNBS
TNBS
TNBS
TNBS

DSS

TNBS

TNBS

TNBS

TNBS

TNBS

DNCB

TNBS
TNBS

DSS

DSS

DSS

DSS

APS dose
(mg/kg/
d

500/1,000
750

2000/
1000/500
100/200
400

400
100/200/400

200
100/200/400
100/200/400
100/200/400
200

100/400
2000

200
NR

100/200/400
100/200/400
300/600

NR

Duration
(day)

14

10

14

10

10

10
14

10
28

14

10

Control
group

Saline
No
intervention

Water

Saline
Saline
Saline
Saline

Saline

No
intervention

No
intervention

Saline
No

intervention

No
intervention

Water

Saline

Water

Saline

Water

Saline

Water

Outcome
index

1. DAI 2. CMDI 3. CHS. 4. MPO
1. DAI 2. CMDI 3. CHS. 4. MPO

1. DAI 2. CMDI

1. DAI 2. CMDI 3. CHS. 4. TNF-a 5. IL-1B
1. CMDI 2. CHS
1. CMDI 2. CHS 3. IL-6

1. DAI 2. CMDI 3. SOD. 4. MDA 5. MPO 6.
IL-6. 7. TNF-a

1. DAI 2. CHS 3. MPO. 4.IL-1p 5. TNF-a 6.
1L-6

1. DAI 2. CHS 3. MPO. 4. IL-1 5. TNF-a
1. DAI 2. MPO. 3. IL-1p 4. TNF-a

1. CHS 2. MPO 3.TNF-a

1. CHS

1. DAI 2. CMDI 3. MPO. 4. IL-1B 5. TNF-a
1. DAI 2. CMDI

1. DAI 2. CMDI 3. CHS

1. DAI 2. CMDI 3, MPO. 4. SOD 5. MDA 6.
IL-1. 7. TNF-a

1. DAI 2. CHS 3. MPO. 4. SOD 5. MDA. 6.
TNF-a 7. IL-6

1. DAL

1. DAI 2. SOD 3. TNF-a. 4. IL-1§ 5. MDA 6.
IL-6

1. DAI 2. SOD 3. MDA. 4. MPO 5. IL-1B 6.
IL-6. 7. TNF-a

Abbreviations: DNCB, dinitro-chlorobenzene; DSS, dextran sodium sulfate; NR, no report; TNBS, 2, 4, 6-trinitrobenzene sulfonic acid.





OPS/images/fphar-13-1043236-g010.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-13-1043236-g005.gif
P
e

e

oy






OPS/images/fphar-13-1043236-g006.gif
o]
ety

imia
s s
ey
et






OPS/images/fphar-13-1043236-g003.gif





OPS/images/fphar-13-1043236-g004.gif





OPS/images/fphar-13-1043236-g009.gif





OPS/images/fphar-13-1043236-g007.gif





OPS/images/fphar-13-1043236-g008.gif





OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Anti-inflammatory and
antioxidant activity of astragalus
polysaccharide in ulcerative
colitis: A systematic review and
meta-analysis of animal studies





OPS/images/fphar-13-1043236-g001.gif
22 s i

v e
pestines
kg 11
i)
[rrereinien

[y a——
Era—

e

| :;___:_Mmm.._.m
< ot st )
e i s

FIR—
s s

e 1)
L G s
< ka0

LR |
PRy

[T ——
i i 11






OPS/images/fphar-13-1043236-g002.gif
prired
it






