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Homoplantaginin inhibits the progression of ulcerative colitis in mice by regulating the MMP9-RLN2 signaling axis
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Introduction: Ulcerative colitis (UC) is a chronic inflammatory bowel disease characterized by colonic mucosal inflammation and ulceration. This study investigates the therapeutic effects of homoplantaginin (Homo), a flavonoid derived from Salvia plebeia R. Brown, on dextran sulfate sodium (DSS)-induced colitis in mice, as well as its underlying mechanisms of action.

Methods: In this study, a mouse colitis model was established using DSS to assess the remission effect of Homo on colitis mice. Quantitative reverse transcription PCR (qRT-PCR) was employed to investigate the impact of Homo on intestinal mucosal barrier and pro-inflammatory cytokines in mice. The possible target genes of Homo were analyzed and screened using bioinformatics and molecular docking approaches. Microscale Thermophoresis (MST) technique was employed to examine the binding interaction between Homo and its target gene, matrix metalloproteinase 9 (MMP9). Finally, the combination of Homo and MMP9 inhibitors was utilized to verify whether Homo alleviates DSS-mediated colitis in mice through modulation of MMP9.

Results: Homo (50 mg/kg) significantly alleviated colitis symptoms, lowered myeloperoxidase (MPO) activity, and improved histopathological outcomes. qRT-PCR analysis revealed that Homo inhibited the expression of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6 and IFN-γ) and related molecules, highlighting its anti-inflammatory properties. Additionally, Homo strengthened the intestinal mucosal barrier by regulating barrier protein expression. Bioinformatics analysis identified that MMP9 as a potential target of Homo, while molecular docking and MST analysis revealed a dose-dependent inhibition of MMP9. Moreover, the MMP9/Relaxin 2 (RLN2) signaling pathway was implicated in Homo’s effects, as evidenced by the upregulation of RLN2 mRNA upregulation and its interaction with MMP9. The combination of the MMP9 inhibitor IN-1 with Homo demonstrated no synergistic effect, it confirmed the role of the MMP9-RLN2 axis in colitis modulation.

Conclusion: Homo demonstrates significant potential in alleviating colitis through targeting the MMP9-RLN2 signaling pathway, warranting further clinical investigation in UC treatment.
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1 Introduction

Ulcerative colitis (UC) is a common chronic inflammatory bowel disease (IBD) characterized by progressive inflammation and injury of the colon and rectal mucosa. However, its exact etiology of UC has not been fully elucidated. The main feature is progressive inflammation and injury of the colon and rectal mucosa. UC can lead to abdominal pain, diarrhea, hematochezia and other clinical symptoms, significantly affecting the patients’ quality of life and may increase the risk of colon cancer (1). At present, UC treatment includes 5-aminosalicylate (5-ASA), glucocorticoids and immunosuppressive agents. However, these therapies exhibit limited efficacy in certain patients and may be associated with severe side effects (2). Therefore, finding novel therapeutic targets and drugs has become a critical area of UC research.

Matrix metalloproteinase 9 (MMP-9) plays a key role in inflammation and tissue remodeling, and its up-regulation is considered to be closely related to the occurrence and development of a variety of inflammatory diseases (3). MMP-9 can degrade the extracellular matrix and promote cell migration, playing an important role in maintaining the inflammatory microenvironment and promoting the infiltration of inflammatory cells (4–6). Studies have demonstrated the high expression of MMP-9 is closely associated with the degree of inflammation in patients with UC. Inhibition of MMP-9 activity may contribute to reducing the damage and inflammatory response of colitis (7, 8). In addition, Relaxin (RLN), a bioactive peptide, has been demonstrated to have a protective effect in pathological conditions such as colitis. Studies have revealed its potential to improve the remodeling process of colonial tissue by regulating extracellular matrix components as well as inhibiting the MMP expression (9, 10). Consequently, the interaction between MMP-9 and RLN may play a crucial role in regulating inflammatory response and could provide novel ideas for UC treatment.

Homoplantaginin (Homo), a natural bioactive compound derived from the Chinese medicine Salvia plebeia R. Brown, has recently garnered increasing attention. Studies have demonstrated that Homo exhibits various pharmacological properties, including anti-inflammatory and anti-oxidant effects (11, 12). However, the effects of Homo on UC have not yet been reported. In addition, the specific relationship between Homo, MMP-9, and RLN signaling pathways in UC remains unexplored. As a result, this study aimed to investigate the mechanism of Homo in DSS-induced UC in mice, and to analyze its effects on MMP-9 and RLN signaling pathways to provide both a theoretical basis and experimental foundation for UC treatment.



2 Materials and methods


2.1 Chemical reagents

Homo (C22H22O11, MW: 462.4, HPLC ≥ 98%) was procured from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China). Dextran sulfate sodium (DSS, molecular weight 36–50 kDa) was procured from MP Biomedical (Aurora, OH, USA). The myeloperoxidase (MPO) activity assay kit was obtained from Nanjing JianCheng Bioengineering Institute (Nanjing, China). MMP-9 proteins and antibodies against MMP9 were procured from Abcam (Cambridge, UK). MMP-9-IN-1(IN-1) was acquired from Shanghai Haoyuan Biomedical Technology Co., Ltd. (Shanghai, China).



2.2 Experimental animals and study design

Female C57BL/6J mice (18–22 g), 6–8 weeks old, were procured from the Comparative Medicine Center of Yangzhou University (Yangzhou, China). They were housed under a 12 h light/dark cycle (21 ± 2°C), and provided with a standard chow diet and water ad libitum. The animal experiments were approved by the Ethics Committee of Bengbu Medical University (Approval No. 2024–525), and all animals received humane care in accordance with the National Institutes of Health Guidelines.

Dextran sulfate sodium-induced colitis was induced as previously described (13). Female C57BL/6J mice were fed with 2.5% DSS (dissolved in sterile distilled water) for 7 days, followed by sterile distilled water alone for an additional 3 days. The mice were randomly assigned to the following groups: Normal group, DSS group, Homo (12.5, 25, and 50 mg/kg) group, and 5-ASA (200 mg/kg) group. Homo and 5-ASA were orally administered from day 1 to day 10. On day 10, mice were sacrificed, and their colons were collected and photographed.



2.3 Disease activity index (DAI)

The disease activity index (DAI) was calculated as previously described (14). Briefly, the scoring criteria were as follows: (a) body weight loss: 0 = none; 1 = 1–5%; 2 = 5–10%; 3 = 10–15%; 4 = over 15%; (b) stool consistency: 0 = normal; 2 = loose stools; 4 = diarrhea; (c) gross bleeding: 0 = normal; 2 = hemoccult; 4 = gross bleeding.



2.4 MPO activity

The MPO activity in the colons of mice with DSS-induced colitis was measured by using commercial kits following the manufacturer’s instructions.



2.5 Histopathological analysis

The distal ends of the colons isolated from mice with DSS-induced colitis were fixed in 10% formalin, embedded in paraffin, sectioned (5 μm), and stained with hematoxylin and eosin (H&E) for histological evaluation. The histological scoring was performed as previously described (13). The histologic changes of colons were assessed by a pathologist blinded to the experimental groups. The total severity score was calculated by summing the individual parameter scores.



2.6 Quantitative real-time quantitative PCR (RT-qPCR) assay

Total RNA was extracted from colon tissues using the TRIzol reagent following the manufacturer’s instructions. The specific detection steps of RT-qPCR were carried out as previously described (13). The primer sequences used are listed in Table 1. The expression of each gene was normalized to GAPDH, and calculated by using the 2−△△Ct method.



TABLE 1 Oligonucleotide sequences of quantitative real-time PCR.
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2.7 Bioinformatics analysis


2.7.1 Component target prediction

The corresponding sdf format files of the active ingredient Homoplantaginin (Homo) were downloaded from the Pub Chem database1 and imported into the CTD database2 and Swiss database3 to search for the corresponding targets of Homo to obtain the target proteins corresponding to the predicted compounds.



2.7.2 Disease target prediction

UC-related targets were searched in the Gene Cards database4 and Omim5 with ‘ulcerative colitis ‘as the name of the disease. The targets obtained from the two disease databases were merged, and duplicate entries were removed to derive the final set of UC-related targets.



2.7.3 Construction of protein–protein interaction network (PPI)

To elucidate the interaction between the related targets of Homo and those associated with UC, the online mapping platform6 was utilized to screen out the intersection targets and generate the Venn diagram. Subsequently, the intersection targets were constructed on the STRING platform7 to construct a PPI network. The species was set to ‘Homo sapiens’, and the minimum interaction threshold was defined as ‘confidence medium = 0.4’. All other parameters were kept at their default settings to obtain the PPI network. The first 10 disease targets were finally obtained by the MCC algorithm of Cytoscape 3.7.2 plug-in CytoHubba (Cytoscape plug-in).



2.7.4 GO and KEGG pathway enrichment analysis

The mapping results between Homo and UC targets were imported into the online software metascape8, with H. sapiens was set as the reference species. A significance threshold of p < 0.05 was selected. The results were analyzed by GO and KEGG by selecting GO biological processes, GO molecular functions, GO cellular components, and KEGG pathway.



2.7.5 Component-target-pathway network construction

Cytoscape 3.7.2 was utilized to construct the network diagram of the Homo-UC disease target-pathway, and the plug-in ‘Network Analysis’ function of Cytoscape 3.7.2 software was employed to evaluate the network topology parameters of active components and targets, including degree, betweenness and closeness. Based on the network topology parameters, the core targets and the key active components responsible for therapeutic effects were identified.




2.8 Molecular simulation assay

The crystal structure of ALB(2n0x), CCL2(4usp), MAPK3(4qtb), BCL2(1g5m), MMP9(6esm), PTGS2(1pxx), TNF(1a8m), AKT1(1unq), TP53(2k8f) and CASP3(1cp3) complexed with estradiol was downloaded from the PDB database, and then processed using the ‘prepare_receptor4.py’ script in ‘AutoDockTools 1.5.6’, whose process mainly involved the removal of crystal water, ions, and non-standard amino acid residues. The three-dimensional structure of Homo was handled using the ‘prepare_ligand4. py’ script in ‘AutoDock Tools 1.5.6’, which primarily involved the removal of non-polar hydrogen and the giving of the atomic type and Gasteiger charge. Next, the above 10 crystal structures and Homo were analyzed through the ‘AutoDock Vina 1.1.2’ program. The binding free energy, action of hydrogen bonds, and hydrophobic and electrostatic interactions were analyzed. The top 10 ranked conformations of Homo were selected from the output tab by specifying the output numbers.



2.9 Microscale thermophoresis (MST)

The KD value was determined using the Monolith NT.115 instrument (NanoTemper Technologies). A range of concentrations of Homo was incubated with 200 nM of purified MMP9 protein for 40 min in assay buffer (50 mM Hepes, 10 mM MgCl2, 100 mM NaCl, pH 7.5, and 0.05% Tween 20). The samples were loaded into the NanoTemper glass capillaries, and MST was performed using 100% LED power and 80% MST power. The KD value was calculated using the mass action equation via the NanoTemper software based on duplicate reads of an experiment.



2.10 Tissue immunofluorescence staining

Thin tissue sections (5 μm) were blocked with 1% bovine serum albumin and subsequently incubated with primary antibodies overnight at 4°C. Following three washes with phosphate-buffered saline, the sections on slides were incubated with fluorescence-conjugated secondary antibodies at room temperature for 2 h. The sections incubated with secondary antibodies alone served as a negative control. Subsequently, the sections were stained with 4′, 6-diamidino-2-phenylindole (DAPI, Bioword, China) at a concentration of 0.1 μg/mL for 10 min. Finally, the images were captured using an Olympus IX51.



2.11 Statistical analysis

Data are presented as means ± SEM. Student’s t-test was used to compare the mean differences between the two groups, while a one-way ANOVA followed by the LSD test was employed to compare the mean differences between multiple groups. A p-value < 0.05 was considered statistically significant.




3 Results


3.1 Homo alleviates DSS-induced colitis in mice

The chemical structure of Homo is illustrated in Figure 1A. A DSS-induced mouse colitis model was established to investigate the effects of Homo on the colon of mice. Mice in the DSS group experienced varying degrees of body weight loss, loose stools, and fecal occult blood in comparison to the normal control group. Homo (50 mg/kg) and 5-ASA (200 mg/kg) demonstrated good therapeutic effects in alleviating these symptoms (Figures 1B,C). Moreover, Homo (50 mg/kg) and 5-ASA (200 mg/kg) significantly inhibited colon shortening (Figure 1D) and reduced MPO activity in colon tissue (Figure 1E). Pathological examination revealed that, compared to the normal group, the model group exhibited significant epithelial damage and inflammatory cell infiltration (Figure 1F). Treatment with Homo (50 mg/kg) and 5-ASA (200 mg/kg) demonstrated notable improvement in these pathological changes. These findings suggest that Homo can significantly alleviate the progression of colitis in mice.

[image: Figure 1]

FIGURE 1
 Homo attenuated DSS-induced colitis in mice. (A) The chemical structure of Homo. (B) Percent change of body weight. (C) DAI scores. (D) The length of colons. (E) MPO activity in colon tissues. (F) H&E staining and histological score of colon tissues (scale bar, 50 μm). (n = 6–8). ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.




3.2 Homo inhibits the expression of pro-inflammatory factors in the colon of colitis mice

It is well known that pro-inflammatory factors such as TNF-α, IL-1β, IL-6, and IFN-γ play important roles in colitis progression (15–17). The effects of Homo on the expression of pro-inflammatory factors were investigated using RT-qPCR technology. The expression levels of IL-6, IL-1β, TNF-α and IFN-γ mRNA in the colon tissue of the model group mice were significantly increased in comparison to the normal group. Treatment with (50 mg/kg) and 5-ASA (200 mg/kg) significantly inhibited the expression of TNF-α, IL-1β, IL-6, and IFN-γ mRNA (Figures 2A–D). It is worth noting that the effect of Homo (50 mg/kg) on IL-6, TNF-α and IL-1β was slightly better than that of 5-ASA (200 mg/kg). These results suggest that the inhibition of the occurrence and development of UC by Homo is closely related to its inhibitory effect on pro-inflammatory factors.

[image: Figure 2]

FIGURE 2
 Homo attenuated the expression of pro-inflammatory factors in colitis tissues of mice. The mRNA leves of (A)TNF-α, (B) IL-1β, (C) IL-6, and (D) INF-γ in tissues were determined by real-time qPCR assay. ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.




3.3 Homo inhibits the expression of chemokines and adhesion molecules in the colon of colitis mice

Previous studies have demonstrated that chemokines and adhesion molecules play crucial roles in the progression of intestinal inflammation by regulating immune cell infiltration and activation, thereby contributing to the formation and development of inflammatory responses. In DSS-induced colitis, the continuous production of pro-inflammatory factors leads to a significant expression of chemokines and adhesion molecules. To evaluate the effects of Homo on the expression of these mediators, RT-qPCR was performed to detect the mRNA expression of MIP-2, MCP-1, E-selectin, MAdCAM-1, VCAM-1, and ICAM-1, and genes in colon tissues. As illustrated in Figures 3A–F, the model group mice exhibited significantly increased mRNA expression levels of chemokines (MIP-2 and MCP-1) and adhesion molecules (E-selectin, MAdCAM-1, VCAM-1, and ICAM-1) in their colon tissues in comparison to the normal group. Homo (50 mg/kg) significantly downregulated the mRNA expression of these genes. Similarly, 5-ASA (200 mg/kg) significantly suppressed their mRNA expression, demonstrating an effect comparable to that of Homo (50 mg/kg).

[image: Figure 3]

FIGURE 3
 Effects of Homo on the expressions of chemokines and adhesion molecules in colonic tissues of mice with colitis. The mRNA expressions of chemokines (A) MIP-2, (B) MCP-1, adhesion molecules (C) E-selectin, (D) MAdCAM-1, (E) VCAM-1 and (F) ICAM-1were assessed by RT-qPCR (n = 6). ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.




3.4 Homo protects the intestinal mucosal barrier in colitis mice

Extensive research has demonstrated that the integrity of the intestinal mucosal barrier is compromised, which subsequently alters the expression and function of chemokines and adhesion molecules, thereby exacerbating inflammation. To investigate the effects of Homo on the mucosal barrier in colon tissues, RT-qPCR was performed to assess the mRNA expression levels of CLDN-2, occludin, ZO-1, and MUC2 genes in the colon. As illustrated in Figures 4A–D, compared to the normal group, the colitis mice exhibited significantly increased mRNA expression levels of epithelial barrier proteins (CLDN-2, occludin, and ZO-1) as well as the mucin barrier protein (MUC2) in their colon tissues. Homo (50 mg/kg) significantly suppressed the mRNA expression of these genes. Notably, its effect was significantly superior to that of 5-ASA (200 mg/kg).

[image: Figure 4]

FIGURE 4
 Effects of Homo on intestinal mucosal barrier integrity in colitis mice. The mRNA expressions of tight junctions (A) CLDN-2, (B) Occludin, (C) ZO-1, intestinal mucin (D) MUC-2 were assessed by RT-qPCR (n = 6). ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.




3.5 Homo down-regulates MMP9 mRNA level in colon tissue by targeting MMP9

To explore the target of Homo, bioinformatics was employed to analyze the target of Homo inhibiting the UC process. The results revealed 109 possible common targets between Homo and UC (Figures 5A,B). Among them, the top 10 core targets were identified as AKT1, TP53, TNF, ALB, BCL2, MMP9, CASP3, CCL2, PTGS2, and MAPK3 (Figures 5C,D). The results of virtual docking demonstrated that Homo exhibited high affinity for BCL2, AKT1, TNF, MMP9, and TP53 (Figure 5E). The above 10 core targets were detected by RT-qPCR. Moreover, the results indicated the significant regulatory effects of Homo on the expression of BCL2, PTGS2, AKT1, CCL2, MMP9, CASP3, and MAPK3. Notably, Homo inhibited the MMP9 mRNA expression in a dose-dependent manner, with a significant inhibitory effect observed at the dose of 12.5 mg/kg, suggesting that MMP9 may be primary target of Homo inhibiting the UC process (Figure 5F). To confirm this, MST analysis was performed to analyze the binding affinity of Homo to MMP9. The results demonstrated a strong binding interaction between Homo and MMP9 (Figure 5G). These findings indicate that Homo exerts its anti-colitis effect by targeting and inhibiting MMP9 expression.

[image: Figure 5]

FIGURE 5
 Homo inhibited colitis in mice by targeting MMP9. (A) Venn diagram of Homo and UC target. (B) Homo and 109 targets (Homo targets and UC targets intersection). (C) PPI network of Homo and UC targets. (D) The core target prediction of Homo intervention in UC. (E) Molecular docking visualization of Homo and the top 10 targets. (F) Effects of Homo on the mRNA expression of the top 10 targets in colon tissues of colitis mice. (G) The binding of Homo to MMP9 protein was detected by MST technology. (n = 6). ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.




3.6 MMP9/RLN2 signaling is involved in the process of Homo alleviating colitis in mice

To elucidate the signaling pathways underlying the effects of Homo on colitis, bioinformatics analysis was performed. The results indicated that the inhibitory effect of Homo on enteritis was closely associated with RLN, MAPK, TNF, AKT1, and CASP3 signaling pathways (Figures 6A–D). Among these pathways, the RELA signaling score was the highest. The correlation between MMP9 and RELA signaling pathways was analyzed using the STRING platform. The results revealed that MMP9 was highly correlated with the key signal molecules RLN1, RLN2, and RLN3 in the RELA pathway (Figure 6E). The effect of Homo on the mRNA expression of RLN1, RLN2, and RLN3 was examined using RT-qPCR. The results demonstrated that Homo upregulated RLN2 mRNA expression in a dose-dependent manner, while no significant effect was observed on RLN1 and RLN3 (Figures 6F–H). These findings suggest that Homo inhibits the development of colitis primarily by regulating the MMP9/RLN2 signaling pathway.

[image: Figure 6]

FIGURE 6
 Effects of homo on MMP9-relaxin signaling. (A) GO and (B) KEGG pathway enrichment analysis. (C) Homo-targets-pathways network diagram. (D) The top 6 core pathways prediction of Homo intervention in UC. (E) The correlation between MMP9 and Relaxin signaling was predicted by STRING platform. (F). The effect of Homo on the expression of (F) RLN1, (G) RLN2 and (H) RLN3 mRNA in colon tissues of colitis mice. ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.




3.7 Homo improves the progression of colitis in mice by regulating the MMP9-RLN2 signaling axis

To determine whether Homo inhibits the occurrence and development of colitis through the MMP9-RLN2 signaling pathway, the MMP9-specific inhibitor (IN-1, 1 mg/kg) in combination with Homo (50 mg/kg) was utilized to investigate its impact on colitis in mice. The results demonstrated that both IN-1 and Homo significantly suppressed MMP9 mRNA and protein expression (Figures 7A,B). Notably, the combination of IN-1 and Homo did not synergistically increase the inhibitory effect of Homo on MMP9. Both IN-1 and Homo significantly inhibited the RLN2 mRNA expression (Figure 7C). Additionally, both treatments significantly improved the pathological changes of colon tissue in mice, prevented colon shortening, reduced MPO activity, increased body weight, and lowered DAI score (Figures 7D–H). Interestingly, the combination of IN-1 and Homo did not synergistically increase the inhibitory effect of Homo on colitis in mice. In summary, these findings highlight that the MMP9-RLN2 signaling axis plays a crucial role in the inhibition of colitis by Homo.

[image: Figure 7]

FIGURE 7
 Homo inhibited the progression of colitis in mice by regulating the MMP9-RLN2 signaling axis. (A) The effect of Homo on the expression of MMP9 mRNA in colon tissues of colitis mice. (B) The protein expression of MMP9 was detected by tissue immunofluorescence staining (scale bar, 50 μm). (C) The effect of Homo on the expression of RLN2 mRNA in colon tissues of colitis mice. (D) H&E staining and histological score of colon tissues (scale bar, 50 μm). (E) The length of colons. (F) MPO activity in colon tissues. (G) Percent change of body weight. (H) The length of colons. (n = 6). ##p < 0.01 vs. Normal group; *p < 0.05 and **p < 0.01 vs. DSS group. Homo, homoplantaginin.





4 Discussion

Inflammatory bowel disease, encompassing conditions such as UC and Crohn’s disease, represents a significant health challenge characterized by chronic inflammation of the gastrointestinal tract (18, 19). The etiology of IBD is multifactorial, involving a complex interplay of genetic predisposition, environmental factors, and dysregulated immune responses (20). The pathophysiological mechanisms of IBD involve alterations in the gut microbiome, immune dysregulation, and disruption of the intestinal barrier, ultimately leading to persistent inflammation and tissue damage (21). Despite advancements in treatment, including anti-inflammatory agents and biologics, achieving sustained remission remains a challenging, necessitating ongoing research into novel therapeutic strategies and targets that can effectively mitigate the disease procession and restore intestinal homeostasis (22).

The findings from this study demonstrate that Homo exhibits significant therapeutic effects on DSS-induced colitis in mice, primarily through its modulation of inflammatory pathways and the intestinal mucosal barrier. The observed reduction in body weight loss, reduced MPO activity, and improved colon morphology underscores the potential of Homo as a viable therapeutic agent for UC. The molecular mechanisms elucidated in this study suggest a multi-faceted approach, wherein Homo suppresses the expression of pro-inflammatory cytokines including, TNF-α, IL-1β, and IL-6, which are critical mediators in the pathogenesis of colitis. The inhibition of these cytokines not only alleviates the inflammatory response but also facilitates the restoration of epithelial integrity, thereby strengthening the mucosal barrier function.

The involvement of chemokines and adhesion molecules in the inflammatory cascade underscores the complexity of immune cell recruitment and activation in colitis (23). The significant downregulation of chemokines like MIP-2 and MCP-1, along with adhesion molecules including ICAM-1 and VCAM-1, indicates that Homo effectively modulates the inflammatory milieu, which is crucial for limiting immune cell infiltration into the colonic tissue. Furthermore, the findings suggest that Homo’s protective effects on the intestinal epithelial barrier are mediated through the modulation of tight junction proteins and mucins, which are essential for maintaining barrier integrity and function. The upregulation of ZO-1, Occludin, and MUC2 in the presence of Homo indicates its role in strengthening mucosal defense mechanisms (24). This restoration of barrier function is particularly significant, as a compromised intestinal barrier is a hallmark of IBD, contributing to dysregulated immune responses and exacerbated inflammation.

MMP-9 plays a critical role in the progression of UC (7, 25). Studies have demonstrated that MMP-9 expression is significantly elevated in patients with colitis, which is related to disease severity, suggesting its pro-inflammatory role in the inflammatory response (26). The role of MMP-9 in modulating pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 further elucidated its pathogenic mechanism. MMP-9 not only activates the precursors of these factors, but also aggravates both local and systemic inflammatory responses by promoting immune cells infiltration. In addition, the effect of MMP-9 on the intestinal barrier is also critical (5, 7). It destroys the intestinal barrier and increases intestinal permeability by degrading the extracellular matrix, inhibiting the expression of connexins ZO-1 and occludin. Simultaneously, MMP-9 suppresses the production of mucin MUC2, thereby weakening the protective function of the intestine. In this study, we found that Homo selectively binds to MMP9 (27, 28). These findings indicate that Homo exerts anti-colitis effects by targeting and inhibiting MMP9 expression.

RLN2, a member of the Relaxin family, exhibits a wide range of anti-inflammatory effects, including roles in cardiovascular inflammation, airway, inflammation (29–32). Studies have demonstrated that RLN2 expression is downregulated in colitis models and negatively correlates with the severity of intestinal inflammation. This suggests that RLN2 may inhibit the inflammatory response, and play an important role in UC progression (33). Our findings demonstrate that Homo significantly up-regulates RLN2, with its mechanism closely related to MMP9 downregulation. This study highlights that targeting the MMP9/RLN2 signaling axis presents a promising approach to developing new strategies for UC treatment and other related gastrointestinal diseases. This study not only enhances our understanding of the potential mechanisms of colitis but also paves the way for the potential clinical application of Homo in UC treatment.

One of the limitations of this study is its dependence on a single animal model, especially the DSS-induced colitis mouse model, which may not fully summarize the complexity and heterogeneity of human UC. Although the therapeutic effects of Homo were promising, the results may not be directly translatable to clinical applications without further validation in other models or through clinical trials. Additionally, the mechanisms by which Homo modulates the MMP9-RLN2 signaling axis require extensive investigation. This includes exploring potential off-target effects and identifying other signaling pathways that may contribute to the observed therapeutic benefits. Future studies should also consider the long-term effects of Homo treatment and its safety profile to ensure its viability as a therapeutic option.



5 Conclusion

In summary, our findings provide strong evidence that Homo significantly ameliorates DSS-induced colitis in mice by regulating pro-inflammatory factors, chemokines, and adhesion molecules while preserving the intestinal mucosal barrier. The identification of MMP9 as a primary target, along with the involvement of the MMP9-RLN2 signaling axis, highlights the potential of Homo as a novel therapeutic agent for UC treatment. However, further research is required to elucidate the detailed mechanisms of action and to validate its efficacy and safety in clinical applications, paving the way for future therapeutic advancements in IBD management.



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.



Ethics statement

The animal experiments were approved by the Ethics Committee of Bengbu medical University, and all animals received humane care according to the National Institutes of Health Guidelines. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

YT: Conceptualization, Data curation, Funding acquisition, Investigation, Writing – original draft, Writing – review & editing. RS: Data curation, Investigation, Methodology, Validation, Writing – review & editing. MC: Data curation, Writing – original draft. HW: Data curation, Writing – review & editing. MX: Data curation, Writing – review & editing. SG: Data curation, Methodology, Writing – review & editing. MD: Data curation, Methodology, Writing – review & editing. XL: Data curation, Writing – review & editing. FL: Conceptualization, Methodology, Data curation, Funding acquisition, Validation, Writing – review & editing. FF: Conceptualization, Methodology, Writing – original draft, Writing – review & editing, Data curation, Funding acquisition, Project administration, Validation.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the China National Natural Science Foundation (No. 82104487), the Natural University Natural Science Research Project (KJ2021A0788), the Graduate Student Research Innovation Program (Byycxz24031), the Anhui Provincial Key Laboratory of Inflammation-related Disease Foundation and Transformation Research (YZ2024D03), the Longhu Talent Project of Bengbu Medical University (LH250103006), the Natural Science Research Projects of Universities in Anhui Province (2023AH051972), the Bengbu Medical University Science and Technology Plan Project (2024byzh019) and the New era education quality project (2023qygzz031).



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.



Footnotes

1   https://pubchem.ncbi.nlm.nih.gov/

2   https://ctdbase.org/

3   http://swisstargetprediction.ch/

4   https://www.genecards.org/

5   https://omim.org/

6   http://www.bioinformatics.com.cn/?p=1

7   https://cn.string-db.org/

8   https://david.ncifcrf.gov/



References

 1. Ungaro, R, Mehandru, S, Allen, PB, Peyrin-Biroulet, L, and Colombel, JF. Ulcerative colitis. Lancet. (2017) 389:1756–70. doi: 10.1016/S0140-6736(16)32126-2 

 2. Honap, S, Jairath, V, Sands, BE, Dulai, PS, Danese, S, and Peyrin-Biroulet, L. Acute severe ulcerative colitis trials: the past, the present and the future. Gut. (2024) 73:1763–73. doi: 10.1136/gutjnl-2024-332489 

 3. Mei, K, Chen, Z, Wang, Q, Luo, Y, Huang, Y, Wang, B , et al. The role of intestinal immune cells and matrix metalloproteinases in inflammatory bowel disease. Front Immunol. (2022) 13:1067950. doi: 10.3389/fimmu.2022.1067950 

 4. Annaházi, A, Molnár, T, Farkas, K, Rosztóczy, A, Izbéki, F, Gecse, K , et al. Fecal MMP-9: a new noninvasive differential diagnostic and activity marker in ulcerative colitis. Inflamm Bowel Dis. (2013) 19:316–20. doi: 10.1002/ibd.22996 

 5. Halade, GV, Jin, YF, and Lindsey, ML. Matrix metalloproteinase (MMP)-9: a proximal biomarker for cardiac remodeling and a distal biomarker for inflammation. Pharmacol Ther. (2013) 139:32–40. doi: 10.1016/j.pharmthera.2013.03.009 

 6. Xu, W, Li, F, Zhu, L, Cheng, M, and Cheng, Y. Pacenta polypeptide injection alleviates the fibrosis and inflammation in cigarette smoke extracts-induced BEAS-2B cells by modulating MMP-9/TIMP-1 signaling. J Biochem Mol Toxicol. (2023) 37:e23453. doi: 10.1002/jbt.23453 

 7. Walter, L, Canup, B, Pujada, A, Bui, TA, Arbasi, B, Laroui, H , et al. Matrix metalloproteinase 9 (MMP9) limits reactive oxygen species (ROS) accumulation and DNA damage in colitis-associated cancer. Cell Death Dis. (2020) 11:767. doi: 10.1038/s41419-020-02959-z 

 8. Wushouer, X, Aximujiang, K, Kadeer, N, Aihemaiti, A, Zhong, L, and Yunusi, K. Effect of huankuile on colon injury in rats with ulcerative colitis by reducing TNF-α and MMP9. Eur J Med Res. (2024) 29:102. doi: 10.1186/s40001-024-01695-w 

 9. Mu, X, Urso, ML, Murray, K, Fu, F, and Li, Y. Relaxin regulates MMP expression and promotes satellite cell mobilization during muscle healing in both young and aged mice. Am J Pathol. (2010) 177:2399–410. doi: 10.2353/ajpath.2010.091121 

 10. Ahmad, N, Wang, W, Nair, R, and Kapila, S. Relaxin induces matrix-metalloproteinases-9 and -13 via RXFP1: induction of MMP-9 involves the PI3K, ERK, Akt and PKC-ζ pathways. Mol Cell Endocrinol. (2012) 363:46–61. doi: 10.1016/j.mce.2012.07.006 

 11. He, B, Zhang, B, Wu, F, Wang, L, Shi, X, Qin, W , et al. Homoplantaginin inhibits palmitic acid-induced endothelial cells inflammation by suppressing TLR4 and NLRP3 Inflammasome. J Cardiovasc Pharmacol. (2016) 67:93–101. doi: 10.1097/FJC.0000000000000318 

 12. Zhou, Y, Wang, L, Liu, Y, Fan, L, Zhang, X, Shi, Q , et al. Homoplantaginin attenuates high glucose-induced vascular endothelial dysfunction via inhibiting store-operated calcium entry channel and endoplasmic reticulum stress. J Pharm Pharmacol. (2023) 75:1530–43. doi: 10.1093/jpp/rgad087 

 13. Tao, Y, Yue, M, Lv, C, Yun, X, Qiao, S, Fang, Y , et al. Pharmacological activation of ERβ by arctigenin maintains the integrity of intestinal epithelial barrier in inflammatory bowel diseases. FASEB J. (2020) 34:3069–90. doi: 10.1096/fj.201901638RR 

 14. Tao, Y, Qiao, SM, Lv, CJ, Yun, XM, Yue, MF, Fang, YL , et al. Phytoestrogen arctigenin preserves the mucus barrier in inflammatory bowel diseases by inhibiting goblet cell apoptosis via the ERβ/TRIM21/PHB1 pathway. Phytother Res. (2022) 36:3248–64. doi: 10.1002/ptr.7495 

 15. Neurath, MF. Cytokines in inflammatory bowel disease. Nat Rev Immunol. (2014) 14:329–42. doi: 10.1038/nri3661 

 16. Neurath, MF. Strategies for targeting cytokines in inflammatory bowel disease. Nat Rev Immunol. (2024) 24:559–76. doi: 10.1038/s41577-024-01008-6 

 17. Dos Santos, RA, Viana, G, de Macedo, BM, and Almeida, JF. Neutrophil extracellular traps in inflammatory bowel diseases: implications in pathogenesis and therapeutic targets. Pharmacol Res. (2021) 171:105779. doi: 10.1016/j.phrs.2021.105779

 18. Maloy, KJ, and Powrie, F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature. (2011) 474:298–306. doi: 10.1038/nature10208 

 19. Saez, A, Herrero-Fernandez, B, Gomez-Bris, R, Sánchez-Martinez, H, and Gonzalez-Granado, JM. Pathophysiology of inflammatory bowel disease: innate immune system. Int J Mol Sci. (2023) 24:1526. doi: 10.3390/ijms24021526 

 20. Khor, B, Gardet, A, and Xavier, RJ. Genetics and pathogenesis of inflammatory bowel disease. Nature. (2011) 474:307–17. doi: 10.1038/nature10209 

 21. Osmond, MJ, Korthals, E, Zimmermann, CJ, Roth, EJ, Marr, D, and Neeves, KB. Magnetically powered chitosan Milliwheels for rapid translation, barrier function rescue, and delivery of therapeutic proteins to the inflamed gut epithelium. ACS Omega. (2023) 8:11614–22. doi: 10.1021/acsomega.3c00886 

 22. Vestergaard, MV, Allin, KH, Poulsen, GJ, Lee, JC, and Jess, T. Characterizing the pre-clinical phase of inflammatory bowel disease. Cell Rep Med. (2023) 4:101263. doi: 10.1016/j.xcrm.2023.101263 

 23. Arijs, I, De Hertogh, G, Machiels, K, Van Steen, K, Lemaire, K, Schraenen, A , et al. Mucosal gene expression of cell adhesion molecules, chemokines, and chemokine receptors in patients with inflammatory bowel disease before and after infliximab treatment. Am J Gastroenterol. (2011) 106:748–61. doi: 10.1038/ajg.2011.27 

 24. Guo, H, Guo, H, Xie, Y, Chen, Y, Lu, C, Yang, Z , et al. Mo(3)se(4) nanoparticle with ROS scavenging and multi-enzyme activity for the treatment of DSS-induced colitis in mice. Redox Biol. (2022) 56:102441. doi: 10.1016/j.redox.2022.102441 

 25. Liu, H, Patel, NR, Walter, L, Ingersoll, S, Sitaraman, SV, and Garg, P. Constitutive expression of MMP9 in intestinal epithelium worsens murine acute colitis and is associated with increased levels of proinflammatory cytokine kc. Am J Physiol Gastrointest Liver Physiol. (2013) 304:G793–803. doi: 10.1152/ajpgi.00249.2012 

 26. Piechota-Polanczyk, A, Włodarczyk, M, Sobolewska-Włodarczyk, A, Jonakowski, M, Pilarczyk, A, Stec-Michalska, K , et al. Serum Cyclophilin a correlates with increased tissue MMP-9 in patients with ulcerative colitis, but not with Crohn's disease. Dig Dis Sci. (2017) 62:1511–7. doi: 10.1007/s10620-017-4568-0 

 27. Pope, JL, Bhat, AA, Sharma, A, Ahmad, R, Krishnan, M, Washington, MK , et al. Claudin-1 regulates intestinal epithelial homeostasis through the modulation of notch-signalling. Gut. (2014) 63:622–34. doi: 10.1136/gutjnl-2012-304241 

 28. Fitch, MN, Phillippi, D, Zhang, Y, Lucero, J, Pandey, RS, Liu, J , et al. Effects of inhaled air pollution on markers of integrity, inflammation, and microbiota profiles of the intestines in Apolipoprotein E knockout mice. Environ Res. (2020) 181:108913. doi: 10.1016/j.envres.2019.108913 

 29. Aragón-Herrera, A, Couselo-Seijas, M, Feijóo-Bandín, S, Anido-Varela, L, Moraña-Fernández, S, Tarazón, E , et al. Relaxin-2 plasma levels in atrial fibrillation are linked to inflammation and oxidative stress markers. Sci Rep. (2022) 12:22287. doi: 10.1038/s41598-022-26836-1 

 30. Gao, XM, Su, Y, Moore, S, Han, LP, Kiriazis, H, Lu, Q , et al. Relaxin mitigates microvascular damage and inflammation following cardiac ischemia-reperfusion. Basic Res Cardiol. (2019) 114:30. doi: 10.1007/s00395-019-0739-9 

 31. Leo, CH, Ou, J, Ong, ES, Qin, CX, Ritchie, RH, Parry, LJ , et al. Relaxin elicits renoprotective actions accompanied by increasing bile acid levels in streptozotocin-induced diabetic mice. Biomed Pharmacother. (2023) 162:114578. doi: 10.1016/j.biopha.2023.114578 

 32. Royce, SG, Moodley, Y, and Samuel, CS. Novel therapeutic strategies for lung disorders associated with airway remodelling and fibrosis. Pharmacol Ther. (2014) 141:250–60. doi: 10.1016/j.pharmthera.2013.10.008 

 33. Traini, C, Nistri, S, Calosi, L, and Vannucchi, MG. Chronic exposure to cigarette smoke affects the ileum and Colon of Guinea pigs differently. Relaxin (RLX-2, Serelaxin) prevents Most local damage. Front Pharmacol. (2021) 12:804623. doi: 10.3389/fphar.2021.804623 


Copyright
 © 2025 Tao, Shao, Cui, Wang, Xiang, Ge, Deng, Li, Liu and Fan. 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/xhtml/Nav.xhtml




Contents





		Cover



		Homoplantaginin inhibits the progression of ulcerative colitis in mice by regulating the MMP9-RLN2 signaling axis



		1 Introduction



		2 Materials and methods



		2.1 Chemical reagents



		2.2 Experimental animals and study design



		2.3 Disease activity index (DAI)



		2.4 MPO activity



		2.5 Histopathological analysis



		2.6 Quantitative real-time quantitative PCR (RT-qPCR) assay



		2.7 Bioinformatics analysis



		2.7.1 Component target prediction



		2.7.2 Disease target prediction



		2.7.3 Construction of protein–protein interaction network (PPI)



		2.7.4 GO and KEGG pathway enrichment analysis



		2.7.5 Component-target-pathway network construction









		2.8 Molecular simulation assay



		2.9 Microscale thermophoresis (MST)



		2.10 Tissue immunofluorescence staining



		2.11 Statistical analysis









		3 Results



		3.1 Homo alleviates DSS-induced colitis in mice



		3.2 Homo inhibits the expression of pro-inflammatory factors in the colon of colitis mice



		3.3 Homo inhibits the expression of chemokines and adhesion molecules in the colon of colitis mice



		3.4 Homo protects the intestinal mucosal barrier in colitis mice



		3.5 Homo down-regulates MMP9 mRNA level in colon tissue by targeting MMP9



		3.6 MMP9/RLN2 signaling is involved in the process of Homo alleviating colitis in mice



		3.7 Homo improves the progression of colitis in mice by regulating the MMP9-RLN2 signaling axis









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Footnotes



		References



















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

Homoplantaginin inhibits the
progression of ulcerative colitis in
mice by regulating the
MMP9-RLN2 signaling axis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-12-1582066-g005.jpg
‘“‘?'ﬂ‘

-5.92 kcal/moll

-5.89 Xcal/mol,

CASP3 _-5.38 keal/m,

Kd =14.4 (uM)

Frection bound[-]

ﬂ"iw

il I e

Relative mRNA expression

Homo concentration (M)

EE 5-ASA(200 mg/kg)
Homo(12.5 mglkg)
Homo(25 mg/kg)
EE Homo(50 mglkg)

#
i

AKT1 cCcL2 ALB MMPS CASP3 TP53 MAPK3






OPS/images/fmed-12-1582066-g006.jpg
AGE-RAGE signaling puthway i diesc compiications o
TN signaliog prvay-

Lipd and aherosceross
Apoposis-
Pl shesrsress and ehernclemons-

Relaxin sgniing puvsy

Hepaton b
NOD-like rcepio signsling pcvay-

logia(pvalue)

2
3
H
H
3
H

Inflocnza A
[ ———
Futbogenic scherichinco ifction:
Sumoncla fecion-

Shigelosis

Punvays incomcer

Paiways of aeurodegepertion —
PIK- Akt signdling puvay
Human papilomaines infeion:

Amyomphic aers cerosix

Aheimerdisess:
Ticlogieal process  Cellular component - Molecular ancton N T Y

Name Degree Betveenness  Closeness
Centrality __Centrality

RELARLN) 20 002233912 055900621
MAPKI 18 001752946 054545435
MAPK3 18 001752946 054545455
TNF 18 001777186 054545455
AKTI 17 001616408 053892216
CASPY 16 00388059 053254438

n
(2]
T

&

Relative mRNAexpression
of RLN3 to GAPDH

Wianm ﬁﬂﬂ

-
$ & @ @ @ @ & & &
& T8 S A W

A o I

Relative mRNAexpression
of RLN1 to GAPDH
Relative mRNAexpression
‘of RLN2 to GAPDH
§ B





OPS/images/fmed-12-1582066-g003.jpg
5 ° g ° #
» ## »
8 4 8 4
5 s T
’623 T = 833 . T
iz " T . $¢ T -
£62 - - £% 2 -
g g
£ I
o o
e ol L L e oll, AL L
S F PP S F PP
S S & S S S & &S
) %) ) ) ) N N
N ~ G & O ~ G Q2
& &S & &S
& & X & X
g 6 g 8
e # o ##
i
X & 4 gs
$s L . o T
z4 = T . z3¢ : L
Eul, T T g T T T
£° | = 232
: - !
S K
e ol e e oll, L
& S & ¢© ¢© & & S © ¢ @
A R g ey F T SFSFSS
N Q& ‘)@ ‘)& Q& ~ &s ‘:& ‘Js &6\
S 0 e ® 0 ¥ L
B PO & & &
& & &
c & c &
g g #
g " 8 T
5 6 o 6
é‘T Py
<3 T <3 * a8
234 T ERE T 3
© > bl [
£% T T £%
g 2 2 2
i : =
o o
€ ol T T T T L T T T T
D>
RER A P L L S FLLLS
& & & &P 3 & & & S
RO S 4 P @
G P 0 ¥
& O © S S e
P N
ot o L






OPS/images/fmed-12-1582066-g004.jpg
© © < ~ °

a1}

_._H.

uipn|oaQ jo
uoisseldxe YNYW oAlze|oy

T

© < ~ °

<

2-Na10 40
uoissaidxe YNYW aAnejoy

o

tH .@\9
“
* Fa b
T o.V\% o&~v
% ¥
H M, %,
0, @o
% %
L e,
*H 5, %Y,
%,
%, %
¥ S %y
o o
%
-
H %,
b ¥ & & « o #
2-0NI 40
uoissaidxs YNYW aAle|oy
iH .&v\e
%,
[~
* F e %
H % %,

-0z 30
uoissadxe YNYW oAlE|oY





OPS/images/fmed-12-1582066-g007.jpg
>

Normal DSS  Homo(50 mgkg) IN-1(1 mg/kg) Homo+IN-1

DAP]-----
MMP9-----
MCI‘70----1

Relative mRNAexpression
of MMPS to GAPDH

c Normal DSS Homo(so mg/kg)
iz
]
E$3
22
FH
i
2E
3
E
Normal ‘.-.-————u T =
< o
Dss [ S 5o
H
Homo(50 mg/kg) “————. e
H
IN-1(1 mgkg) k__. 8
o
Homo+IN-1 ‘~.—O &
&
A
R 5 s 7 8 )Y
F G H
120, & Nomat - A k) - o -
£ oss = HomoriNg = oss > HomosNt
3 110] = Homotso mark) 3
4 2
£ 10 3
: 3
§ o e 4
H w 8
o
$ i
a 70-

1.2 3 4 5 6 7 8 9 10
Days






OPS/images/fmed-12-1582066-t001.jpg
Gene

TNF-a

MIP-2

MCP-1

E-Selectin

VCAM-1

ICAM-1

MAACAM-1

CLDN-2

Oceludin

201

MUC2

BCL2

PTGS2

AKTI

cclL2

ALB

MMPY

CASP3

TP53

MAPK3

RLN1

RLN2

RLN3

GAPDH

Pri

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward

Reverse

)
CCCTCAGCGAGGACAGCAAG

Sequences (5

ACAGAACCTGCCTGGTTGGC
GCTGTGGAGAAGCTGTGGCA
TGGGAACGTCACACACCAGC
CTGCTGATGGGAGGAGATGT
TGTCATTCGGGTGTAGTCACA
CGGAGAGGAGACTTCACAGAG
ATTTCCACGATTTCCCAGAG
GGCAAGGCTAACTGACCTGGAAAGG
ACAGCGAGGCACATCAGGTACGA
GTGTTGGCTCAGCCAGATGC
GACACCTGCTGCTGGTGATCC
TGCATGGCTCAGCTCAACTTGA
CACTGTGCCGAAAACTGCTGTTC
ATCTGGGTCAGCCCCTCTCCTATAC
TGTCTGCTCCACAGGATTTTGG
TGAATGCCAGCTCGGAGGATCAC
CGTGCAGTTCCAGGGTCTGGTT
TGTCTGCTCCACAGGATTTTGG
CCCTGGCCCTAGTACCCTAC
CTTGGACCGTTGAGGGAAGG
CGACTGCCCCCTTAACTCTC
GTGAATGGGTCACCGAGGG
AGATAAGCGAACCTGCCGAG
ACTCTTCAAAGGGAAAACCCGA
GCAAAAGACCAACCGTCAGG
CCCGAAGATTCCTGCTGGTT
AGAGGAAACAGGAGTGGGGT
TGGGATGCCTTTGTGGAACT
TTGGCAATTCCTGGTTCGGT
AGCCCATTGAACCTGGACTG
ACCCAATCAGCGTTTCTCGT
TCGGAGTAGGAGCAGGAAGTG
GGTCGTGGGTCTGGAATGAG
CCTGCTGCTACTCATTCACCA
ATTCCTTCTTGGGGTCAGCA
TGCTTTTTCCAGGGGTGTGT
CATGGTGTCATGCTCCACCT
GCCGACTTTTGTGGTCTTCC
TGGCCTTTAGTGTCTGGCTG
GGGGAGCTTGGAACGCTAAG
(CCGTACCAGAGCGAGATGAC
ATATCAGCCTCGAGCTCCCT
CCAGGCACAAACACGAACCTC
CCCAGGCCTAACCCTCTCTCT
GATACAGGCACGGGGAGATG
GAGCCTTTCGATACGACGCT
GCTGGCTCATCAATCCACCA
TTTGGGCCCTTCCTGGAAAT
AAGGTGTTGCCTTCAGCTCC
AGATGTGTTGGCTGGCCTTT
CGCTTCTCCATTGCTCAACC
GGTGAAGGTCGGTGTGAACG
CTCGCTCCTGGAAGATGGTG





OPS/images/fmed-12-1582066-g001.jpg
120 Nomal - Homo(125 mghkg) g% Nomal ~ Homol12:5 mikg)
= T = Dss o~ Homo(25 mylka)
£ [woss ¥ Homa28 mollg) % |- sasa = Homo(s0 my/ka)
S 110] = sasa o~ Homo(s0 mglkg) 3 ”

o & £3
2
o s z
, £ 100 Z
= B2
3 £ 8
w0 Ny g™ 2
1 H HE
M > H
wor H £
0
123456788910
Days
D E

Normal ‘ - . -
DSs [ SR
5-ASAQ200 mg/kg) | e

Homo(12.5 mg/kg) | o,
Homo(25 mg/kg) "—'—‘-‘

—
-
b
—H
—H
k-

o

Colon length (cm)
N____ 1

“,
%
:
,
"
%
‘7
o/
9»,,
"o,

Homo(50 mg/kg) | e, ”‘J

R

Normal

10

Histologic score






OPS/images/fmed-12-1582066-g002.jpg
§6 ##
2
8
5, T
5e . T
<d T
<2
z5 %%
E 2 s
H
2 =
5
s
x ol T T T T
> % N N N N
& TS
F & & & &
S 0 @ @
& &
2 S &
B
c 10
2
73 ##
gs
g T
-]
<|é'.s - -
z ke
o
T 4 T T
H
2 2:
3
& oI. AL T
> -3 )
R I
X & & &
S 08 S
R
Ba &o\o &
& &

Relative mRNA expression

Relative mRNA expression

##

B T
.
e
4 it ok
T T
2:
0
[ AL L
> 2 N S S S
& IS
X eé‘ b& %6‘ s&
S 0 N
RSN A
& & &
&
8 it
6 T
3 T
£4 i :
5 T T
2:
0:
1 e
R N
o o)
X & & & <&
) ) » N
& 0 e
‘e o~ & &
D SRS
' >






