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Objective

To explore the immune change of lung injury of Ulcerative colitis (UC) by observing the changes of inherent immunity and adaptive immunity of the lung and bowel in UC rat models after the treatment of Sodium Houttuyfonate combined with Matrine. 



Method

UC rat models were established with the mucous membrane of colon allergize combined with TNBS-alcohol enteroclysis for 1 week and 5 weeks. 1-week experimental rats were divided into normal group and model group, 5/each group. 5-weeks experimental rats were divided into normal group, model group, Sodium Houttuyfonate (2.9mg/ml) combined with Matrine (1.47mg/ml), and positive control sulfasalazine (10mg/ml), 5/each group. All rats were administered by gavage for 5 weeks. The histopathological and fibrotic changes in the lung and bowel were observed, and the expressions of Tumor Necrosis Factor (TNF)- α, interleukin (IL)-8 in the lung, bowel, and serum were detected by radio-immunity and immunohistochemistry, and the mRNA expressions of Toll-like receptor (TLR)-4, nuclear factor kappa (NF-κB), Macrophage migration inhibitory factor (MIF), Mucosal addressing cell adhesion molecule-1 (MadCAM1) and Pulmonary surfactant protein-A (SP-A) in the lung and bowel were detected by Real time-PCR.



Result

Compared with the normal group, the model rats had significant histopathological and fibrotic changes both in the lung and bowel, and all treatment groups were improved. After treatment, TLR4, IL-8, MIF, and TNF-α in the lung decreased (P<0.05); NF-KB, IL-8, and MIF in the bowel increased (P<0.05); MadCAM1 both in lung and bowel decreased (P<0.05); SP-A decreased in bowel and increased in the lung (P<0.05).



Conclusion

The cause of lung injury in this model was found to be related to inherent immunity and adaptive immunity, while the cause of bowel injury in this model was found to be mainly related to adaptive immunity. Sodium Houttuyfonate combined with Matrine could improve bowel and lung injury.
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Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) are the two main kinds of inflammatory bowel disease (IBD). They might be related to heredity, environment, diet, psychology, and immune disorders but the etiology remains unknown. UC is characterized by chronic, non-specific inflammation and ulceration of colon mucosa. Extraintestinal manifestations of UC are very common, these inlcude dermatological manifestations, erythema nodosum and pyoderma gangrenosum, ocular manifestations, uveitis and episcleritis, hepatobiliary manifestations, primary sclerosing cholangitis and autoimmune hepatitis, musculoskeletal manifestations, peripheral arthritis, and axial arthropathy (1). In contrast, pulmonary manifestations are rare, including bronchiectasis (2), pulmonary vasculitis (3, 4), bronchiolitis obliterans-organizing pneumonia (BOOP) (4, 5), and other lung diseases. Pulmonary abnormality might be correlated with autoimmune disorders (6, 7). This intriguing shift of the inflammatory process from the bowel to the lung is often taken as evidence of a causal link between the two processes, probably because of the common embryological origin of the intestinal and pulmonary mucosa (8). The relationship between the respiratory system and the colon is complex. In modern medicine, researchers have found a close relationship between the lung and the bowels through studies investigating embryonic development (9), mucosal biofilms (10), and the mucosal immune system (11). The mucosal immune system is comprised of both the gastrointestinal and respiratory mucosae. Mucosal lesions occurring in these organs likely affect others through the mucosal immune pathway. In histology and embryology, both colonic and respiratory epithelial cells originated from the primitive foregut. Yilmaz hypothesized the pathophysiology of the respiratory damage in IBD wherein the presence of goblet cells and submucous glands were observed in both the colonic and respiratory epithelial cells (12). Furthermore, in immunology, the respiratory and gastrointestinal tracts shared common submucosal lymphoid tissues that played an important role in the mucosal defense system of the host. Therefore, the pathological similarities shared between the two structures result in increased similarities of the mucosal immune system (13). In our previous study, we found a pathological connection between the lung and bowel. The longer the course of disease, the greater the scope of the disease, and the more serious the pulmonary function damage in patients with UC (14). Our previous animal experiments have also found that UC rat models showed the presence of lung pathological injury.

For two millennia, Traditional Chinese Medicine (TCM) has been used to treat various diseases. Currently, some studies have reported its effectiveness in the management of UC (15). Houttuynia cordata have been used to prevent and treat lung-related diseases and alleviate symptoms by TCM practitioners, including cough and dyspnea, for centuries. For this study, we selected Sodium Houttuyfonate, a particularly stable compound of Houttuynia cordata extract. Studies showed that Sodium Houttuyfonate had significant antibacterial and anti-inflammatory effects (16). Additionally, Matrine, extracted from the roots of Sophora flavescens has demonstrated its effectiveness in the treatment of UC and lung injury (17)due to its biological properties including anti-inflammatory, antioxidative, and antimicrobial activities (18). In another study, Oxymatrine (opioid agonist) ameliorated the congestion and erosion in luminal mucosa and improved the IBD symptoms induced by inflammation (19). Considering these, UC-related lung injury could potentially be improved by Sodium Houttuyfonate combined with Matrine.

The immune response and inflammatory pathway of UC showed that the cytokine network is an important part of UC formation (20). Wang reported on the blocked TLR4/NF- κB/MAPK pathway and promoted an anti-inflammatory response mediated by IL-10/JAK1/STAT3, which had protective effects on UC (21). NF-κB played a very important role in UC (22, 23). In lung injury, inhibited TLR4/NF-κB, reduced inflammatory mediators, and could prevent LPS induced acute lung injury (24, 25). IL-8 was a good predictor of lung injury in both adults (26) and fetuses (27), and its role in UC was also very significant (28–30). TNF - α plays an important role in the pathogenesis of UC (31, 32), and its role in the lung is becoming more prominent (33). In this research, we established UC rat models with immune-TNBS-ethanol and used Sodium Houttuyfonate combined with Matrine to treat UC-related lung injury. We detected the immune index, such as the above-related cytokine, chemotactic factor, adhesion molecule, and signal transduction molecule in the lung and bowel, to investigate the intervention mechanism and protective effect of Sodium Houttuyfonate combined with Matrine on innate immunity and adaptive immunity in a UC model for lung disease.



Materials and Methods


Animals

This study used 2-month-old male Wistar rats weighing 200 ± 10 g purchased from the Academy of Military Medical Laboratory Animal Centre (Beijing, China). Ten male New Zealand rabbits, weighing about 3 kg, were purchased from Haidian Thriving Animal Farm (Beijing, China). All animals were housed at SPF Animal Laboratory of Dongzhimen Hospital (Beijing, China) with free access to food and water and were kept in a regulated environment (23 ± 2°C) under a 12-hour light/dark cycle (with light turning on at 8:00 am). All animal procedures were reviewed and approved by the Animal Experimentation Committee at the Beijing University of Chinese Medicine before and during the experiment (Approval No. 18-08-2).



Induction of Ulcerative Colitis


Antigen Preparation

Ten rabbits were killed by air embolism, then the colon was removed immediately and rinsed with sterile saline, and scraped the mucosa. The mucosa was mixed with equal saline and homogenized 30 times with a tight Dounce homogenizer (Sigma, USA). Samples were further disrupted by intermittent sonication (six 30 s pulses with a 1 min cooling period in between) and then centrifuged at 3,000 rpm (Eppendorf, Germany) for 30mins at 4°C. The supernatant was then aliquoted and stored at -20°C. The protein concentration was measured by bicin choninic acid (BCA) assay (CoWin Bioscience, China).



Antigen Preimmunization and Immune-2, 4, 6-Trinitrobenzene Sulfonic Acid Enema

Rabbit intestinal mucosal antigen solution was mixed with an equal volume of Freund’s complete adjuvant, which was used to prepare the antigen emulsion. Wistar rats were immunized with the antigen emulsion in the paws and groin alternately on day 1, day 15, and day 22. Each immune volume contained 8 mg of antigen protein per rat. On the 28th night, the rats fasted and were water-deprived overnight. The next day, the rats were anesthetized with 1% pentobarbital sodium. A medical-grade polyurethane cannula for enteroclysis was inserted into the anus, and the tip was advanced to 8 cm proximal to the anal verge. Immune-2, 4, 6-trinitrobenzene sulfonic acid (TNBS) (100 mg/kg) (Sigma, San Francisco, CA, USA) dissolved in 50% ethanol was rapidly instilled into the colon. Antigen preparation, antigen preimmunization, and TNBS enema were done as previously described (Liu et al., 2013). UC models were established with the mucous membrane of colon allergize, combined with TNBS-alcohol enteroclysis for 1 week and 5 weeks. 1-week experimental rats were divided into the normal group and model group, 5/each group. 5-week experimental rats were divided into normal group, model group, Sodium Houttuyfonate (2.9mg/ml) combined with Matrine (1.47mg/ml) and positive control sulfasalazine (10mg/ml), 5/each group. Oral needle intragastric administration was for 5 weeks. All experimental rats receiving intragastric administration for 5 weeks were euthanized by CO2 asphyxiation.




Histopathological and Fibrotic Changes in the Lungs and Bowel

Colon tissues 2-10cm above the anus, lung, liver, and kidney tissue of the rats were taken and soaked in 4% paraformaldehyde solution. The 4% paraformaldehyde solution was changed every day. One week later, the fixed specimens were routinely dehydrated with alcohol gradient, transparent xylene, embedded with paraffin, and sectioned at 5 m thick. Two sections were taken from each rat for HE staining and Masson staining. Then the morphological changes in lung and intestinal tissues were observed and photographed under the light microscope.



Radioimmunoassay and ELISA

All rats fasted for one night before euthanasia. After anesthetizing with 1% pentobarbital sodium administered peritoneally, blood was drawn from the abdominal aorta and the blood serum was stored in liquid nitrogen. All rats were subsequently euthanized using CO2 asphyxiation. Additionally, lung tissue was harvested and washed with normal saline, which was absorbed onto a filter paper, and was stored in liquid nitrogen. During the procedure, five times the amount of water was added to the lung. The lung tissue was disrupted using an ultrasonic disintegrator by intermittent sonication (six 30 s pulses with a 1 min cooling period interval). The sample was centrifuged at 3,000 rpm for 20 min at 4°C. The supernatant was collected, and TNF-α and IL-8 were detected in the lung tissue of rats in each group with a Radioimmunity kit (Beijing Kangyua Ruide Biotechnical Co. Ltd., Beijing, China), the MadCAM1 in the serum was detected with ELISA kit (Beijing Kangyua Ruide biotechnical Co. Ltd.).



Real-Time Polymerase Chain Reaction Analysis

Total RNA from lungs and bowel were extracted using the TRZol reagent extraction kit (Invitrogen, CA, USA). The mRNA expressions of TLR4, NF-κB, MIF, MadCAM1, and SP-A in the lung and bowel were detected by Realtime-PCR. The sequences of the PCR primers were shown in Table 1. Ct of every sample was analysed by MxPro-Mx3000p software. The relative amount of each gene was calculated by utilizing the expression of GAPDH as internal control and using the equation 2△△Ct where ΔCt = (Ct gene-Ct GAPDH). △△Ct=△Ct−average (△Ct normal), cDNA=2△△Ct. All Real-time PCR experiments were performed with Pwer SYBR Green PCR Master Mix (Applied Biosystems company, USA).


Table 1 |  PCR Primer(s).





Immunohistochemistry Analysis

Immunohistochemistry was used to demonstrate the expression and localization of IL-8 and TNF-α. The lung and bowel sections of rats in each group were incubated with IL-8 (rabbit anti-rat, 0.1 mg/mL, Abcam, Cambridge, UK) or TNF-α (rabbit anti-rat, Abcam, Cambridge, UK). They were detected using an undiluted horseradish peroxidase-conjugated polymer goat anti-rabbit immunoglobulin G polyclonal polymer as the secondary antibodies (CoWin Bioscience, Beijing China).



Western Blot Analysis

The lung and bowel were then lysed with 200μl RIPA lysis buffer, protein contents were quantitated using a BCA protein reagent assay kit (CoWin Bioscience, China) and analyzed by 10-12% of SDS-PAGE, followed by immunoblotting using enhanced chemiluminescence substrate (Merck Millipore) according to the manufacturer’s instructions. The protein expressions of SP-A in the lung and bowel were detected by Western Blotting. Bands were visualized using a chemiluminescent detection system (ProteinSimple, San Jose, CA, USA).



Statistical Analysis

Quantitative data were expressed as means ± standard deviations. The significant difference between groups was assessed using the Student’s t-test and one-way analysis of variance. Post hoc comparisons were made using the nonparametric Dunn multiple comparison test. In all tests, statistical significance was set at P < 0.05. Statistical analyses were performed using SPSS Software 13.0 (SPSS Incl, Chicago, IL, USA).




Results


Pathological and Fibrosis Changes of Lung and Intestinal Tissues in Rats With Ulcerative Colitis

At 1 and 5 weeks after modeling, the intestinal mucosa, muscularis mucosa, submucosa, and muscularis tissues of UC model rats had extensive inflammatory infiltration dominated by lymphocytes. The colonic wall showed coagulative transmural necrosis, and part of the necrotic tissue fell off and formed ulcers, with necrotic tissue covering the surface of the ulcer and new granulation tissue hyperplasia at the bottom. The peripheral mucosal structure was disordered, mucosal lamina propria gland atrophied or even disappeared, and there was submucosal and muscular vascular dilation (Figure 1A). Compared with the normal lung, extensive lymphocyte infiltration was observed in the lung tissues of the model group, and lymphocyte nodules were formed around the bronchi. Pulmonary septal thickening, alveolar space narrowing, alveolar fracture fusion, vascular wall, and bronchial wall also had obvious hyperplasia (Figure 1B). Sodium Houttuyfonate combined with the Matrine group improved with differing degrees of pathological changes and fibrosis (Figures 1A, B).




Figure 1 | Pathological and fibrosis changes of lung and bowel tissues in rats with ulcerative colitis. UC models were established with the mucous membrane of colon allergize combined with TNBS-alcohol enteroclysis. (A) Intestinal and (B) lung tissues with HE staining; (C) Intestinal and (D) lung tissues with Ma Song dyeing.



The intestinal mucosa of the normal group was normal with no inflammatory cell infiltration and only a small amount of collagen tissue. After 1 week of modeling, there was a small amount of collagen hyperplasia on the necrotic surface and basement of intestinal mucosa in the model group, and 5 weeks later, collagen hyperplasia in the basement of intestinal mucosa in the model group was significantly increased (Figure 1C). The bronchi of the normal group were normal, with no inflammatory cell infiltration and only a small amount of collagen tissue around the bronchi. The model group had a large number of inflammatory cells infiltration around the bronchi, and collagen tissue hyperplasia was significantly increased compared with the normal group, accompanied by erythrocyte exudation and bronchial smooth muscle hyperplasia (Figure 1D). The collagen tissue hyperproliferation in SASP and Sodium Houttuyfonate combined with Matrine treatment groups were increased compared to the normal group but significantly decreased relative to the model group (Figures 1C, D).



The Changes in Inherent Immunity in the Lung and the Bowel

To examine the changes in the inherent immunity system in the lung and bowel, TLR-4 mRNA, NF-κB mRNA, TNF-α protein, IL-8 protein, and MIF mRNA were detected. TLRs are pattern recognition receptors of enter-mucosa inherent immunity recognizing pathogen-associated molecular patterns (PAMPs). Ligand binding to TLRs initiates signaling cascades that activate NF-κB, MAPK, and interferon response factors. The result showed that the expression of TLR4 mRNA in the lung of the model group had no significant deviation at 1 w (P>0.05), but increased significantly at 5 w (P<0.001); TLR4 mRNA significant decreased in both SASP and Sodium Houttuyfonate combined with Matrine groups (P<0.05) (Figure 2A). In the bowel of the model group, the expression of TLR4 mRNA dropped both at 1 w and 5 w, but had no significant difference (P>0.05); TLR4 mRNA in treatment groups slightly increased, but also had no significant difference (P>0.05) (Figure 2B). The expression of NF-κB mRNA in the lungs of the model group decreased significantly at 1 w (p<0.01), but had no significant differences at 5 w. There was no significant difference between the groups (Figure 2C) but in the bowel of the model group, the expression of NF-κB mRNA dropped significantly at 1 w and 5 w (p<0.01) (Figure 2D). The SASP group was down-regulated, while Sodium Houttuyfonate combined with the Matrine group was upregulated, but there was no significant difference (P>0.05).




Figure 2 | Expression of TLR4 mRNA, NF-kB mRNA, and MIF mRNA in the lung and bowel. UC models were established with the mucous membrane of colon allergize combined with TNBS-alcohol enteroclysis. TLR4 mRNA in Lung (A) and Bowel (B); NF-kB mRNA in Lung (C) and Bowel (D). Compared with Normal group, **P < 0.01; ***P < 0.001. Compared with model group, #P < 0.05.



TNF-α is mainly produced by lipopolysaccharide (LPS) activated mononuclear macrophages, and in inflammation, promotes neutrophil aggregation and activation, promotes endothelial cell adhesion molecule expression and promotes the inflammatory to start and continue. IL-8 is mainly produced by mononuclear macrophages, endothelial cells, skin cells, and T cells under the stimulus of IL-1, TNF-α, and LPS in an inflammatory reaction, and then causes tissue damage mainly through chemotaxis and activation of neutrophils, and chemotaxis of some basophils and T cells. The result showed that IL-8 in the lung of the model group increased significantly both at 1 w and 5 w (P<0.01), and in the bowel of the model group, IL-8 increased significantly at 1 w (P<0.01), but decreased at 5 w (P<0.05). In the serum of the model group, IL-8 significantly decreased at 1 w and 5 w (P<0.05). IL-8 increased in bowel and serum and decreased in the lung after Sodium Houttuyfonate was combined with Matrine treatment (Figures 3A, B). TNF-α in the lung of the model group increased rapidly both at 1 w and 5 w (P<0.01), but decreased significantly in the bowel of the model group both at 1 w and 5 w (P<0.05, P<0.01). TNF-α in the serum had no significant differences at 1 w (P>0.05) but increased at 5 w (P<0.05). TNF-α was significantly down-regulated in lung and serum after Sodium Houttuyfonate combined with Matrine treatment (P<0.01) (Figures 3C, D).




Figure 3 | Expression of TNF-a, IL-8 in the lung, bowel, and serum. UC models were established with the mucous membrane of colon allergize combined with TNBS-alcohol enteroclysis. (A) Expression of TNF-a (Radioimmunoassay); (B) Expression of IL-8 (Radioimmunoassay); (C) Expression of TNF-a (Immunohistochemistry); (D) Expression of IL-8 (Immunohistochemistry). Compared with Normal group, *P < 0.05; **P < 0.01; ***P < 0.001. Compared with model group, #P < 0.05, ##P < 0.01 , ###P < 0.001.



MacroPhage migration inhibitory factor (MIF) is also an important proinflammatory factor, secreted by a series of immune cells, such as macrophages, dendritic cells, lymphocytes, neutrophils, and pituitary cells (34), and can be induced by LPS, interferon gamma (IFN-gamma), and TNF-α. The expression of MIF mRNA in the lungs of the model group have no significant deviation at 1 w (P>0.05) but increased significantly at 5 w (p<0.001). All treatment groups could significantly downregulate the expression of MIF (p<0.001) (Figure 4A). The expression of MIF mRNA in the bowel of the model group decreased significantly at 1 w (p<0.01), but had no significant deviation at 5 w (P>0.05). All groups were significantly upregulated compared with the model group (p<0.05), especially in Sodium Houttuyfonate combined with the Matrine group (Figure 4B). This suggests that the acute inflammation of the lung is mainly caused by TNF-α and IL-8, which was chemotaxis and activation of neutrophils. The decrease of NF-κB mRNA at the early stage of pneumonia could be caused by cell apoptosis. However, with the decline of cell apoptosis, TLR4 mRNA in the lung increased at 5 weeks, activating more NF-κB, which had no significant difference compared with the control. MIF mRNA increased remarkably at 5 weeks, which suggested that macrophages participate in the lung inflamation. The decrease of NF-κB and TNF-α could be caused by cell apoptosis, as necrotic tissue could be seen under the microscope, meaning they were not damage factors in the colitis. MIF decreased but IL-8 increased at 1 week, suggesting neutrophils but not macrophages work effectively in acute colon inflammation. Both MIF had no significant differences and IL-8 decreased in the bowel at 5 w (P<0.05), suggesting that neither neutrophils nor macrophages were involved in chronic colon inflammation.




Figure 4 | Expression of MIF mRNA in the lung and bowel. UC models were established with the mucous membrane of colon allergize combine with TNBS-alcohol enteroclysis. MIF mRNA in the lung (A) and bowel (B). Compared with Normal group, *P < 0.05; **P < 0.01; ***P < 0.001. Compared with model group, #P < 0.05, ###P < 0.001





The Changes in Adaptive Immunity in the Lung and the Bowel

Adaptive immunity mainly contains CD8 + T cells and T killing cells (TK1). The mucosal addressin cell adhesion molecule 1 (MadCAM-1) interacts with its receptor (Alpha 4 beta 7 integrin) α4β7 integrin, which is highly expressed on CD8 + T cells and TK1, which are involved in lymphocytes homing to mucosal sites and cell-cell interactions during the immune response (16). In this model, the expression of MadCAM1 mRNA in the lung of the model group had no significant deviation at 1 w (P>0.05) but increased significantly at 5 w (p<0.001). All treatment groups could significantly reduce MadCAM1 expression (Figure 5A). The expression of MadCAM1 mRNA in the bowel of the model group increased significantly at both 1 w and 5 w (p<0.01), all treatment groups could significantly reduce MadCAM1 expression (Figure 5B). The expression of MadCAM1 protein in the serum increased significantly at 1 w (p<0.01), but had no significant deviation at 5 w (P>0.05), Sodium Houttuyfonate combined with Matrine significantly increased the content of MadCAM1 in serum (Figure 5C). MAdCAM-1 mRNA increased remarkably in the lung at 5 weeks, which suggested that lymphocytes were selectively homing to the lung during the period of chronic inflammation, and Sodium Houttuyfonate combined with Matrine could effectively improve the pulmonary inflammatory response. MAdCAM-1 increased both at acute and chronic colitis, suggesting lymphocytes of the adaptive immune system could account for the main damage factors of the bowel in this model, while Sodium Houttuyfonate combined with Matrine could alleviate this inflammatory damage.




Figure 5 | The Expression of MadCAM1 mRNA in the lung and bowel, and the Expression of MadCAM1 protein in the serum. UC models were established with the mucous membrane of colon allergize combined with TNBS-alcohol enteroclysis. MadCam-1 mRNA expression in lung (A) and bowel (B) (PCR); (C) MadCam-1 protein expression in surem (Elisa). Compared with Normal group, *P < 0.05; **P < 0.01; ***P < 0.001. Compared with model group, #P < 0.05, ##P < 0.01,  ###P < 0.001.





The Changes of SP-A in the Lung and the Bowel

The main role of lung surfactant related proteins is to reduce the surface tension of alveoli, maintain the stability of alveoli and normal respiratory function, and the content in the lungs is extremely rich. Among them, surfactant protein A (SP-A) has the largest content, accounting for about 50% of the total amount of SP. SP-A is mainly distributed in the alveolar gas-liquid interface and the bronchial surface that appears to play an important role in mammalian first-line host defense (35), found to have an immune regulatory function. PCR and western-blot results showed that SP-A RNA and the protein in bowel tissues were significantly increased at 1 and 5 weeks after modeling (P<0.001). Sodium Houttuyfonate combined with Matrine treatment could significantly decrease SP-A expression compared with the model group (P<0.05) (Figures 6A–C). SP-A RNA and protein in lung tissues were significantly reduced at 1 and 5 weeks after modeling (P<0.001). Sodium Houttuyfonate combined with Matrine treatment could significantly increase SP-A expression compared with the model group (P<0.05) (Figures 6D–F). This suggested SP-A was related to the mechanism of UC-related lung injury, and that it was a common material basis between lung and bowel tissues.




Figure 6 | Changes of SP-A in the lung and the bowel. UC models were established with the mucous membrane of colon allergize combine with TNBS-alcohol enteroclysis. (A) SP-A mRNA expression in the bowel (PCR); (B) SP-A protein expression in the bowel (Western Blotting); (C) SP-A relative protein level in the bowel; (D) SP-A mRNA expression in the lung (PCR); (E) SP-A protein expression in the lung (Western Blotting); (F) SP-A relative protein level in lung. Compared with Normal group, *P < 0.05; **P < 0.01; ***P < 0.001. Compared with model group, #P < 0.05, ##P < 0.01, ###P < 0.001.





Evaluation of Toxicity of Traditional Chinese Medicine in Rats

A significant decrease in the weight of the model group rats at 1 w and 5 w compared to 1 w and 5 w of the normal group (P < 0.001). The weight of rats in Sodium Houttuyfonate combined with the Matrine group and SASP group was significantly higher than that of rats in the model group (P < 0.05) (Figure 7A). The results showed that the weight of rats decreased after modeling and increased after the administration of drugs. There was no significant difference in serum alanine aminotransferase and aspartate aminotransferase in the blood samples of all groups (Figure 7B). After 5 w of drug administration, the blood urea nitrogen in the SASP group was significantly lower than that of the model group (P < 0.05); however, no significant difference was observed among the other groups. Negligible deviation occurred in the serum creatinine between each group (P > 0.05) (Figure 7B). No significant differences were found in the tissues of the liver and kidney (Figure 7C). In addition, we found that the feces of rats in the normal group were black, brown, or granular, without mucus, pus, and blood. The rats in the model group had a purulent and bloody stool, the stool was not formed, the color became lighter, and it was a mucinous stool or loose stool. The feces of each treatment group were mostly shaped, with a small amount of mucus stool or soft stool (Figure 7D).




Figure 7 | Evaluation of toxicity of Sodium Houttuyfonate combined with Matrine in rats. Ulcerative colitis models were established with mucous membranes of colons sensitized with TNBS-alcohol enteroclysis. Treatments were administered with SASP, Sodium Houttuyfonate combined with Matrine. (A) Body weight changes. (B) Hepatorenal function changes. ALT, AST, BUN, and Cr were evaluated. (C) HE staining of liver and kidney. (D) Fecal characteristics. TNBS, immune- 2,4,6-trinitrobenzene sulfonic acid; SASP, sulfasalazine; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, Creatinine. and Compared with the model group, #P < 0.05.






Discussion

Toll-like receptors (TLRs) are pattern recognition receptors of enter-mucosa inherent immunity recognizing pathogen-associated molecular patterns (PAMPs) (36, 37), mainly monitoring the microbe balance in the enteric cavity, and transferring information to mucosa lamina propria cells (38). The normal intestinal epithelial cells (IECs) express rare TLR2 and TLR4, but TLR4 expression in UC patients is upregulated (39). Ligand binding to TLRs initiates signaling cascades that activate NF-κB, MAPK (40, 41), and interferon response factors (42). The activation of NF-κB induces the expression of inflammatory factors, costimulatory molecules, and ICOS (43), which may interact at the apical surface and induce responses in the intestinal epithelial cell, which in turn produces cytokines, chemokines, and other mediators, inducing inflammatory activation of the mucosal immune system (39). In acute DSS-induced colitis mice, Anselmi et al. demonstrated that mu opioid receptor agonists significantly decreased diarrhea, blood in the stool, and weight loss through suppression of NF-κB expression (44). However, Egan LJ’s study demonstrated the physiological importance of the NF-κB system in protection against radiation-induced death in the intestinal epithelium in vivo and identified IKKbeta as a key molecular target for radioprotection in the bowel (45). Indirect blocking of NF-κB activation through lack of the MyD88 gene in intestinal epithelial cells, made the DSS-induced colitis worse in mice (46). In this study, the expression of TLR4 and NF-κB in the bowel of the model group were dropped at 1 w and 5 w, and were slightly increased after treatment with Sodium Houttuyfonate combined with Matrine.

IL-8 is a powerful neutrophil chemotactic factor and active factor, which is mainly produced by mononuclear macrophages, endothelial cells, skin cells, and T cells under the stimulus of IL-1, TNF-α, and lipopolysaccharide (LPS) in the inflammatory reaction, and then causes tissue damage mainly through chemotaxis and activation of neutrophils, and chemotaxis of some basophils and T cells as well. TNF-α is mainly produced by LPS-activated mononuclear macrophages, and in inflammation, promotes neutrophil aggregation and activation, promotes endothelial cell adhesion molecule expression and causes prothrombin effect, and promotes the inflammation to start and continue. In patients with active ulcerative colitis, IL-8 and TNF-α mRNA levels were significantly higher than those in the controls (30). In situ hybridization detected increased expression of IL-8 mRNA in macrophages, pericrypt myofibroblasts, and the epithelium of tissue specimens with active lesions of IBD. The secretion of IL-8 from macrophages and myofibroblasts obtained from control patients was upregulated by inflammatory cytokines and bacterial products. TNF-α could promote the secretion of intestinal epithelial cells and IL-8 expression, induce colon epithelial cell apoptosis, and promote UC (47). TNF-α mRNA expression was increased in UC patients, corresponding to the inflammatory activity. TNF-α mRNA expression was increased in UC patients, corresponding to inflammatory activity. Opioids such as Methadone could downregulate TNF-α activities and be beneficial for the maintenance therapy of UC (48). However, DSS-induced inflammation was significantly enhanced in TNF-α -/- mice compared to TNF-α +/+ mice, which suggested that persistent and marked blockage of TNF-α bioactivity might exert a detrimental effect on acute intestinal inflammation (49). In the bowel of the model group, IL-8 increased significantly at 1 w but decreased at 5 w. TNF-α was decreased significantly in the bowel of the model group both at 1 w and 5 w. After the treatment of Sodium Houttuyfonate combined with Matrine, IL-8 increased significantly and TNF-α was slightly upregulated. Sodium Houttuyfonate combined with Matrine could significantly improve intestinal inflammatory response.

MIF is an important proinflammatory factor. It is secreted by a series of immune cells, such as macrophages, dendritic cells, lymphocytes, neutrophils, and pituitary cells (50), and can be induced by LPS interferon γ (IFN-γ) and TNF-α (51). Once MIF is secreted, it regulates a broad range of immune and inflammatory activities, including the induction of inflammatory cytokines, such as IL-1β, IL-6, TNF-α, IFNγ, IL-12, and IL-8 (52). MadCAM-1 is a kind of cell surface adhesion molecule that is selectively expressed in the intestinal mucosa and associated lymphoid tissue of vascular endothelial cells, involved in lymphocyte homing to mucosal sites and cell-cell interactions during the immune response  (53). The expression of MAdCAM-1 on gut endothelial was increased in sites of mucosal inflammation in patients with inflammatory bowel disease, but not IBS controls (54). The increased expression of adhesion molecules on endothelial cells was mediated by pro-inflammatory cytokines such as interleukin (IL) 1 and TNF-α (54). Pulmonary surfactant proteins have many roles in surfactant-related functions and innate immunity. One of these proteins is SP-A, which plays a role in both surfactant-related processes and host defense (55), and is the first surfactant protein with an immune-regulatory function that plays an important role in mammalian first-line host defense (56). SP-A is involved in regulating innate pulmonary immune response as a result of interaction with various receptors on the surface of immune cells, including Toll-like receptor-2, Toll-like receptor-4, signal transduction inhibitory regulatory protein A and so on (57). SP-A regulates inflammatory cell response by binding to cell surface pattern recognition receptors. Reduced secretion or functional deficiency of pulmonary surfactant-related proteins is an important factor in lung injury (58).

In this study, we established a rat model of UC by the immune complex method of colonic mucosal sensitization and TNBS—50% ethanol enema. This model had good repeatability and longer duration, which was more in line with the pathogenesis of human UC. In this study, we found that the lung expresses less NF-κB mRNA at 1 week, and more TLR4 mRNA, MIF, and MAdCAM-1 at 5 w. TNF-α and IL-8 were expressed in the lung and increased both at 1 w and 5 w. This suggests that the acute inflammatory of the lung, is mainly caused by TNF-α and IL-8, which is chemotaxis and activation of neutrophils. Sodium Houttuyfonate combined with Matrine could reduce this pulmonary inflammatory response. The decrease in NF-κB during early stage of pneumonia might be caused by cell apoptosis. However, with the decline of cell apoptosis, TLR4 mRNA in the lung increased at 5 w and activated more NF-κB, which had no significant difference compared with the control. MIF mRNA and MAdCAM-1 mRNA also increased remarkably at 5 weeks, which suggests that macrophages participate in lung inflammation and that lymphocytes selectively home to the lung during periods of chronic inflammation. Sodium Houttuyfonate combined with Matrine could effectively reduce the lung homing of lymphocytes and improve lung inflammation. The bowel expressed less NF-κB mRNA and TNF-α both at 1 w and 5 w, and less MIF but more IL-8 at 1 w. MAdCAM-1 expressed in the bowel increased both at 1 w and 5 w. The decrease in NF-κB mRNA and TNF-α might be caused by cell apoptosis, and necrotic tissue was found under the microscope, so they were not damage factors in the colitis. And we found that Sodium Houttuyfonate combined with Matrine could inhibit apoptosis and tissue necrosis, to protect the bowel tract from damage. MIF decreased but IL-8 increased at 1 w, suggesting that macrophages could not work effectively in acute colon inflammation and that too many neutrophils in the colon tissue were damaged. Interestingly, MAdCAM-1 increased both at acute and chronic colitis, suggesting that lymphocytes of the adaptive immune system might be the main damage factors of the bowel in this model. Sodium Houttuyfonate combined with Matrine could effectively inhibit the intestinal expression of MAdCAM-1 and regulate the damage caused by lymphocytes of the adaptive immune system in bowel tissues. The indexes in serum were infected both by the lung and bowel but were not the same as those in the lung or the bowel. TNF-α in the serum decreased at 1 w and might be much influenced by the decrease of TNF-α in the bowel, and the increase at 5 w might be influenced by the increase of TNF-α in the lung. IL-8 in the serum remarkably decreased at 1 w but had no visible difference at 5 w, which suggests that IL-8 chemotaxis neutrophils to the diseased region of both lung and bowel in acute inflammation, but in chronic inflammation just to the lung. After treatment, IL-8 in the serum increased and IL-8 in the lung decreased, indicating that Sodium Houttuyfonate combined with Matrine directly reduced the local inflammatory response of lung tissue, it also transferred part of IL-8 to the serum to indirectly reduce the inflammatory response. MadCAM-1 in the serum increased at 1 w, but had no visible difference at 5 w, it suggested that lymphocytes homing to the periphery immune tissue from the central immune tissue in acute inflammation, but homing to specific organ from periphery immune tissue in chronic inflammation. After treatment, the content of MAdCAM-1 protein in serum increased significantly, and the expression level of MAdCAM-1 mRNA in lung and bowel decreased significantly, which might be Sodium Houttuyfonate combined with Matrine could reduce the homing of lymphocytes in lung and bowel and increase the homing of lymphocytes to peripheral blood and other tissues, to further protect the bowel and lung from injury. SP-A is an important host defense factor in the lung. After the treatment of Sodium Houttuyfonate combined with Matrine, the level of SP-A in the lung increased, and the level of IL-8 in the lung also increased. These results suggest that IL-8 might play a pathogenic role by affecting the expression of SP-A. The specific mechanism needs to be further studied in the later stage.



Conclusion

In conclusion, the cause of lung injury in this model might be related to inherent immunity and adaptive immunity, presented by the increase of TNF-α, TLR4, IL-8, MIF, and MadCAM-1, and the decrease of SP-A. The cause of bowel injury in this model might be mostly related to adaptive immunity, presented by the increase of MadCAM-1, which homes lymphocytes to diseased regions. Sodium Houttuyfonate combined with Matrine could effectively improve UC and protect UC-related lung injury in immune regulation. This study provides a preliminary theoretical basis for future clinical trials. In addition, we found that the cause of lung injury and bowel injury in this model were incompletely conforming, which suggests that the inflammatory factors in the lung were not transfused from the bowel. There might be an exclusive relationship between the lung and bowel but the specific mechanism needs to be further studied.



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 author.



Ethics Statement

The animal study was reviewed and approved by the Animal Experimentation Committee at Beijing University of Chinese Medicine. All animal procedures were performed strictly within national regulations and guidelines.



Author Contributions

LN and ST conceived and designed the study; LN, SJ, and LZ performed the experiments and collected the data; FW and XY contributed to analyzing the data; LN wrote the manuscript; XW and ST made manuscript revisions. All authors have read and approved the manuscript.



Funding

This work was supported by grants from the Nation “973” project (2009CB522705), the Natural Science Foundation of China project (81904171), the Jiangsu Postdoctoral Research Foundation (2020Z388), and the Nantong science and technology project (MS12017020-1).



Acknowledgments

We thank Fang Wan from Wuxi No 2 Peoples' Hospital for helping us with analysis of partial data.



References

1. Malik, TF, and Aurelio, DM. Extraintestinal Manifestations of Inflammatory Bowel Disease. In: StatPearls. Treasure Island (FL (2022).

2. von Wichert, P, Barth, P, and von Wichert, G. Tracheal and Bronchial Involvement in Colitis Ulcerosa - a Colo-Bronchitic Syndrome? A Case Report and Some Additional Considerations. Ger Med Sci (2015) 13:Doc03. doi: 10.3205/000207

3. Collins, WJ, Bendig, DW, and Taylor, WF. Pulmonary Vasculitis Complicating Childhood Ulcerative Colitis. Gastroenterology (1979) 77(5):1091–3. doi: 10.1016/S0016-5085(79)80083-9

4. Isenberg, JI, Goldstein, H, Korn, AR, Ozeran, RS, and Rosen, V. Pulmonary Vasculitis–an Uncommon Complication of Ulcerative Colitis. Rep case N Engl J Med (1968) 279(25):1376–7. doi: 10.1056/NEJM196812192792506

5. Kevans, D, Greene, J, Galvin, L, Morgan, R, and Murray, FE. Mesalazine-Induced Bronchiolitis Obliterans Organizing Pneumonia (BOOP) in a Patient With Ulcerative Colitis and Primary Sclerosing Cholangitis. Inflammation Bowel Dis (2011) 17(10):E137–138. doi: 10.1002/ibd.21819

6. Sargent, D, Sessions, JT, and Fairman, RP. Pulmonary Vasculitis Complicating Ulcerative Colitis. South Med J (1985) 78(5):624–5. doi: 10.1097/00007611-198505000-00031

7. Baron, FA, Hermanne, JP, Dowlati, A, Weber, T, Thiry, A, Fassotte, MF, et al. Bronchiolitis Obliterans Organizing Pneumonia and Ulcerative Colitis After Allogeneic Bone Marrow Transplantation. Bone Marrow Transplant (1998) 21(9):951–4. doi: 10.1038/sj.bmt.1701198

8. Tejeda Taveras, N, Rivera Martinez, A, Kumar, R, Jamil, A, and Kumar, B. Pulmonary Manifestations of Inflammatory Bowel Disease. Cureus (2021) 13(3):e14216. doi: 10.7759/cureus.14216

9. Papanikolaou, I, Kagouridis, K, and Papiris, SA. Patterns of Airway Involvement in Inflammatory Bowel Diseases. World J Gastrointest Pathophysiol (2014) 5(4):560–9. doi: 10.4291/wjgp.v5.i4.560

10. Domingue, JC, Drewes, JL, Merlo, CA, Housseau, F, and Sears, CL. Host Responses to Mucosal Biofilms in the Lung and Gut. Mucosal Immunol (2020) 13(3):413–22. doi: 10.1038/s41385-020-0270-1

11. Gray, J, Oehrle, K, Worthen, G, Alenghat, T, Whitsett, J, and Deshmukh, H. Intestinal Commensal Bacteria Mediate Lung Mucosal Immunity and Promote Resistance of Newborn Mice to Infection. Sci Transl Med (2017) 9(376):eaaf9412. doi: 10.1126/scitranslmed.aaf9412

12. Yilmaz, A, Yilmaz Demirci, N, Hosgun, D, Uner, E, Erdogan, Y, Gokcek, A, et al. Pulmonary Involvement in Inflammatory Bowel Disease. World J Gastroenterol (2010) 16(39):4952–7. doi: 10.3748/wjg.v16.i39.4952

13. Carvalho, RS, Wilson, L, and Cuffari, C. Pulmonary Manifestations in a Pediatric Patient With Ulcerative Colitis: A Case Report. J Med Case Rep (2008) 2:59. doi: 10.1186/1752-1947-2-59

14. Wang, JY, Wang, XY, Wu, HY, Sun, HY, Liu, DM, Zhang, W, et al. The Association Between Pulmonary Function Impairment and Colon Inflammation in Ulcerative Colitis Patients: A Scientific Basis for Exterior-Interior Correlation Between Lung and Large Intestine. Chin J Integr Med (2016) 22(12):894–901. doi: 10.1007/s11655-014-1842-2

15. Qiao, C, Wan, J, Zhang, L, Luo, B, Liu, P, Di, A, et al. Astragaloside II Alleviates the Symptoms of Experimental Ulcerative Colitis. Vitro vivo. Am J Transl Res (2019) 11(11):7074–83.

16. Huang, W, Duan, Q, Li, F, Shao, J, Cheng, H, and Wu, D. Sodium Houttuyfonate and EDTA-Na(2) in Combination Effectively Inhibits Pseudomonas Aeruginosa, Staphylococcus Aureus and Candida Albicans In Vitro and In Vivo. Bioorg Med Chem Lett (2015) 25(1):142–7. doi: 10.1016/j.bmcl.2014.10.072

17. Li, WW, Wang, TY, Cao, B, Liu, B, Rong, YM, Wang, JJ, et al. Synergistic Protection of Matrine and Lycopene Against Lipopolysaccharideinduced Acute Lung Injury in Mice. Mol Med Rep (2019) 20(1):455–62. doi: 10.3892/mmr.2019.10278

18. Huang, J, and Xu, H. Matrine: Bioactivities and Structural Modifications. Curr Top Med Chem (2016) 16(28):3365–78. doi: 10.2174/1568026616666160506131012

19. Zhou, PQ, Fan, H, Hu, H, Tang, Q, Liu, XX, Zhang, LJ, et al. Role of DOR-Beta-Arrestin1-Bcl2 Signal Transduction Pathway and Intervention Effects of Oxymatrine in Ulcerative Colitis. J Huazhong Univ Sci Technolog Med Sci (2014) 34(6):815–20. doi: 10.1007/s11596-014-1358-1

20. Tatiya-Aphiradee, N, Chatuphonprasert, W, and Jarukamjorn, K. Immune Response and Inflammatory Pathway of Ulcerative Colitis. J Basic Clin Physiol Pharmacol (2018) 30(1):1–10. doi: 10.1515/jbcpp-2018-0036

21. Wang, G, Xu, B, Shi, F, Du, M, Li, Y, Yu, T, et al. Protective Effect of Methane-Rich Saline on Acetic Acid-Induced Ulcerative Colitis via Blocking the TLR4/NF-Kappab/MAPK Pathway and Promoting IL-10/JAK1/STAT3-Mediated Anti-Inflammatory Response. Oxid Med Cell Longev (2019) 2019:7850324. 10.1155/2019/7850324

22. Li, MY, Luo, HJ, Wu, X, Liu, YH, Gan, YX, Xu, N, et al. : Anti-Inflammatory Effects of Huangqin Decoction on Dextran Sulfate Sodium-Induced Ulcerative Colitis in Mice Through Regulation of the Gut Microbiota and Suppression of the Ras-PI3K-Akt-HIF-1alpha and NF-kappaB Pathways. Front Pharmacol (2019) 10:552. doi: 10.3389/fphar.2019.01552

23. Yao, D, Zhou, Z, Wang, P, Zheng, L, Huang, Y, Duan, Y, et al. MiR-125-5p/IL-6r Axis Regulates Macrophage Inflammatory Response and Intestinal Epithelial Cell Apoptosis in Ulcerative Colitis Through JAK1/STAT3 and NF-kappaB Pathway. Cell Cycle (2021) 20(23):2547–64. doi: 10.1080/15384101.2021.1995128

24. Cao, C, Yin, C, Shou, S, Wang, J, Yu, L, Li, X, et al. Ulinastatin Protects Against LPS-Induced Acute Lung Injury By Attenuating TLR4/NF-kappaB Pathway Activation and Reducing Inflammatory Mediators. Shock (2018) 50(5):595–605. doi: 10.1097/SHK.0000000000001104

25. Lister, DM, Graham-Brown, RA, and Burden, AC. Resolution of Diabetic Cheiroarthropathy. Br Med J (Clin Res Ed) (1986) 293(6561):1537. doi: 10.1136/bmj.293.6561.1537

26. Liu, XW, Ma, T, Cai, Q, Wang, L, Song, HW, and Liu, Z. Elevation of Serum PARK7 and IL-8 Levels Is Associated With Acute Lung Injury in Patients With Severe Sepsis/Septic Shock. J Intensive Care Med (2019) 34(8):662–8. doi: 10.1177/0885066617709689

27. McCartney, SA, Kapur, R, Liggitt, HD, Baldessari, A, Coleman, M, Orvis, A, et al. Amniotic Fluid Interleukin 6 and Interleukin 8 are Superior Predictors of Fetal Lung Injury Compared With Maternal or Fetal Plasma Cytokines or Placental Histopathology in a Nonhuman Primate Model. Am J Obstet Gynecol (2021) 225(1):89 e81–16. doi: 10.1016/j.ajog.2020.12.1214

28. Okada, T, Kanda, T, Ueda, N, Ikebuchi, Y, Hashiguchi, K, Nakao, K, et al. IL-8 and LYPD8 Expression Levels are Associated With the Inflammatory Response in the Colon of Patients With Ulcerative Colitis. BioMed Rep (2020) 12(4):193–8. doi: 10.3892/br.2020.1280

29. Chapuy, L, Bsat, M, Rubio, M, Sarkizova, S, Therrien, A, Bouin, M, et al. Et Al: IL-12 and Mucosal CD14+ Monocyte-Like Cells Induce IL-8 in Colonic Memory CD4+ T Cells of Patients With Ulcerative Colitis But Not Crohn's Disease. J Crohns Colitis (2020) 14(1):79–95. doi: 10.1093/ecco-jcc/jjz115

30. Oliveira, RG, Damazo, AS, Antonielli, LF, Miyajima, F, Pavan, E, Duckworth, CA, et al. Dilodendron Bipinnatum Radlk. Extract Alleviates Ulcerative Colitis Induced by TNBS in Rats by Reducing Inflammatory Cell Infiltration, TNF-Alpha and IL-1beta Concentrations, IL-17 and COX-2 Expressions, Supporting Mucus Production and Promotes an Antioxidant Effect. J Ethnopharmacol (2021) 269:113735. doi: 10.1016/j.jep.2020.113735

31. Lopetuso, LR, Corbi, M, Scaldaferri, F, Petito, V, Graziani, C, Castri, F, et al. Characterization of Mucosal Cytokine Profile in Ulcerative Colitis Patients Under Conventional and Anti-TNF-A Treatment. Eur J Gastroenterol Hepatol (2020) 32(12):1527–32. doi: 10.1097/MEG.0000000000001933

32. Zhou, Z, Dai, C, and Liu, WX. Anti-TNF-A Therapy About Infliximab and Adalimamab for the Effectiveness in Ulcerative Colitis Compared With Conventional Therapy: A Meta-Analysis. Hepatogastroenterology (2015) 62(138):309–18.

33. Zhou, W, Shi, G, Bai, J, Ma, S, Liu, Q, and Ma, X. Colquhounia Root Tablet Protects Rat Pulmonary Microvascular Endothelial Cells Against TNF-Alpha-Induced Injury by Upregulating the Expression of Tight Junction Proteins Claudin-5 and ZO-1. Evid Based Complement Alternat Med (2018) 2018:1024634. doi: 10.1155/2018/1024634

34. Lee, JP, Foote, A, Fan, H, Peral de Castro, C, Lang, T, Jones, SA, et al. Loss of Autophagy Enhances MIF/macrophage Migration Inhibitory Factor Release by Macrophages. Autophagy (2016) 12(6):907–16. doi: 10.1080/15548627.2016.1164358

35. Kraft, SC, Earle, RH, Roesler, M, and Esterly, JR. Unexplained Bronchopulmonary Disease With Inflammatory Bowel Disease. Arch Intern Med (1976) 136(4):454–9. doi: 10.1001/archinte.1976.03630040056012

36. Pascual, M, Calvo-Rodriguez, M, Nunez, L, Villalobos, C, Urena, J, and Guerri, C. Toll-Like Receptors in Neuroinflammation, Neurodegeneration, and Alcohol-Induced Brain Damage. IUBMB Life (2021) 73(7):900–15. doi: 10.1002/iub.2510

37. Shukla, D, Patidar, A, Sarma, U, Chauhan, P, Pandey, SP, Chandel, HS, et al. Interdependencies Between Toll-Like Receptors in Leishmania Infection. Immunology (2021) 164(1):173–89. doi: 10.1111/imm.13364

38. Li, Y, Sun, Y, Diao, F, Ruan, Y, Chen, G, Tang, T, et al. Jiaolong Capsule Protects SD Rats Against 2,4,6-Trinitrobenzene Sulfonic Acid Induced Colitis. J Ethnopharmacol (2021) 269:113716. doi: 10.1016/j.jep.2020.113716

39. Arora, S, Ahmad, S, Irshad, R, Goyal, Y, Rafat, S, Siddiqui, N, et al. TLRs in Pulmonary Diseases. Life Sci (2019) 233:116671. doi: 10.1016/j.lfs.2019.116671

40. Zhang, L, Cheng, L, Cui, Y, Wu, Z, Cai, L, Yang, L, et al. The Virulence Factor GroEL Directs the Osteogenic and Adipogenic Differentiation of Human Periodontal Ligament Stem Cells Through the Involvement of JNK/MAPK and NF-kappaB Signaling. J Periodontol (2021) 92(11):103–15. doi: 10.1002/JPER.20-0869

41. Yu, G, Yu, H, Yang, Q, Wang, J, Fan, H, Liu, G, et al. Vibrio Harveyi Infections Induce Production of Proinflammatory Cytokines in Murine Peritoneal Macrophages via Activation of P38 MAPK and NF-kappaB Pathways, But Reversed by PI3K/AKT Pathways. Dev Comp Immunol (2022) 127:104292. doi: 10.1016/j.dci.2021.104292

42. Simons, KH, Peters, HAB, Jukema, JW, de Vries, MR, and Quax, PHA. A Protective Role of IRF3 and IRF7 Signalling Downstream TLRs in the Development of Vein Graft Disease via Type I Interferons. J Intern Med (2017) 282(6):522–36. doi: 10.1111/joim.12679

43. Herati, RS, Silva, LV, Vella, LA, Muselman, A, Alanio, C, Bengsch, B, et al. Vaccine-Induced ICOS(+)CD38(+) Circulating Tfh are Sensitive Biosensors of Age-Related Changes in Inflammatory Pathways. Cell Rep Med (2021) 2(5):100262. doi: 10.1016/j.xcrm.2021.100262

44. Anselmi, L, Huynh, J, Duraffourd, C, Jaramillo, I, Vegezzi, G, Saccani, F, et al. Activation of Mu Opioid Receptors Modulates Inflammation in Acute Experimental Colitis. Neurogastroenterol Motil (2015) 27(4):509–23. doi: 10.1111/nmo.12521

45. Egan, LJ, Eckmann, L, Greten, FR, Chae, S, Li, ZW, Myhre, GM, et al. IkappaB-Kinasebeta-Dependent NF-kappaB Activation Provides Radioprotection to the Intestinal Epithelium. Proc Natl Acad Sci U.S.A. (2004) 101(8):2452–7. doi: 10.1073/pnas.0306734101

46. Mao, X, Sun, R, Wang, Q, Chen, D, Yu, B, He, J, et al. L-Isoleucine Administration Alleviates DSS-Induced Colitis by Regulating TLR4/MyD88/NF-kappaB Pathway in Rats. Front Immunol (2021) 12:817583. doi: 10.3389/fimmu.2021.817583

47. Pedersen, G. Development, Validation and Implementation of an In Vitro Model for the Study of Metabolic and Immune Function in Normal and Inflamed Human Colonic Epithelium. Dan Med J (2015) 62(1):B4973.

48. Fakhraei, N, Javadian, N, Rahimian, R, Nili, F, Rahimi, N, Hashemizadeh, S, et al. Involvement of Central Opioid Receptors in Protective Effects of Methadone on Experimental Colitis in Rats. Inflammopharmacology (2018) 26(6):1399–413. doi: 10.1007/s10787-018-0538-1

49. Naito, Y, Takagi, T, Handa, O, Ishikawa, T, Nakagawa, S, Yamaguchi, T, et al. Enhanced Intestinal Inflammation Induced by Dextran Sulfate Sodium in Tumor Necrosis Factor-Alpha Deficient Mice. J Gastroenterol Hepatol (2003) 18(5):560–9. doi: 10.1046/j.1440-1746.2003.03034.x

50. Ives, A, Le Roy, D, Theroude, C, Bernhagen, J, Roger, T, and Calandra, T. Macrophage Migration Inhibitory Factor Promotes the Migration of Dendritic Cells Through CD74 and the Activation of the Src/PI3K/myosin II Pathway. FASEB J (2021) 35(5):e21418. doi: 10.1096/fj.202001605R

51. Calandra, T, Bernhagen, J, Mitchell, RA, and Bucala, R. The Macrophage is an Important and Previously Unrecognized Source of Macrophage Migration Inhibitory Factor. J Exp Med (1994) 179(6):1895–902. doi: 10.1084/jem.179.6.1895

52. Calandra, T, Bernhagen, J, Metz, CN, Spiegel, LA, Bacher, M, Donnelly, T, et al. MIF as a Glucocorticoid-Induced Modulator of Cytokine Production. Nature (1995) 377(6544):68–71. doi: 10.1038/377068a0

53. Papst, S, Noisier, A, Brimble, MA, Yang, Y, and Krissansen, GW. Tyrosine Modified Analogues of the Alpha4beta7 Integrin Inhibitor Biotin-R(8)ERY Prepared via Click Chemistry: Synthesis and Biological Evaluation. Bioorg Med Chem (2012) 20(8):2638–44. doi: 10.1016/j.bmc.2012.02.035

54. Nielsen, OH, and Rask-Madsen, J. Mediators of Inflammation in Chronic Inflammatory Bowel Disease. Scand J Gastroenterol Suppl (1996) 216:149–59. doi: 10.3109/00365529609094569

55. Depicolzuane, L, Phelps, DS, and Floros, J. Surfactant Protein-A Function: Knowledge Gained From SP-A Knockout Mice. Front Pediatr (2021) 9:799693. doi: 10.3389/fped.2021.799693

56. Passali, D, Astore, S, Boccuzzi, S, Loglisci, M, Cannatelli, A, Passali, GC, et al. Values of SP-A Protein in the Nasal Mucosa. HNO (2016) 64(9):671–5. doi: 10.1007/s00106-016-0190-2

57. Ohya, M, Nishitani, C, Sano, H, Yamada, C, Mitsuzawa, H, Shimizu, T, et al. Human Pulmonary Surfactant Protein D Binds the Extracellular Domains of Toll-Like Receptors 2 and 4 Through the Carbohydrate Recognition Domain by a Mechanism Different From its Binding to Phosphatidylinositol and Lipopolysaccharide. Biochemistry (2006) 45(28):8657–64. doi: 10.1021/bi060176z

58. Qian, J, Li, G, Jin, X, Ma, C, Cai, W, Jiang, N, et al. Emodin Protects Against Intestinal and Lung Injury Induced by Acute Intestinal Injury by Modulating SP-A and TLR4/NF-kappaB Pathway. Biosci Rep (2020) 40(9): BSR20201605. doi: 10.1042/BSR20201605




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


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

Copyright © 2022 Ni, Jing, Zhu, Yang, Wang and Tu. 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.


OEBPS/Images/fimmu-13-888918-g007.jpg
Sodium+Matrine

Weight

1W100X

ALT AST Normal Model Sodium+Matrine






OEBPS/Images/fimmu-13-888918-g002.jpg
Relative mRNA level

Relative mRNA level

o Relativg mRNA level

-

o Relative mRNA ;evel

TLR4

Bowel

NF-kB






OEBPS/Images/fimmu-13-888918-g004.jpg
Relative mRNA level

MIF

MIF

Bowel






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Immune Change of the Lung and Bowel in an Ulcerative Colitis Rat Model and the Protective Effect of Sodium Houttuyfonate Combined With Matrine

      

        		

          Objective

        



        		

          Method

        



        		

          Result

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Animals

          



          		

            Induction of Ulcerative Colitis

          

            		

              Antigen Preparation

            



            		

              Antigen Preimmunization and Immune-2, 4, 6-Trinitrobenzene Sulfonic Acid Enema

            



          



          



          		

            Histopathological and Fibrotic Changes in the Lungs and Bowel

          



          		

            Radioimmunoassay and ELISA

          



          		

            Real-Time Polymerase Chain Reaction Analysis

          



          		

            Immunohistochemistry Analysis

          



          		

            Western Blot Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Pathological and Fibrosis Changes of Lung and Intestinal Tissues in Rats With Ulcerative Colitis

          



          		

            The Changes in Inherent Immunity in the Lung and the Bowel

          



          		

            The Changes in Adaptive Immunity in the Lung and the Bowel

          



          		

            The Changes of SP-A in the Lung and the Bowel

          



          		

            Evaluation of Toxicity of Traditional Chinese Medicine in Rats

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-888918-g003.jpg
L8

A C TNF-a

e =3 2.

A A

AP ? 7 AT SRS S

Lung Bowel Serum

SASP Sodium+Matrine

Bowel
e Bowel

5W200X






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-888918-g005.jpg
Relative mRNA level

25

gt

&

MadCAM-1

Relative mRNA level

MadCAM-1

ng/mi

MadCAM-1






OEBPS/Images/fimmu.2022.888918_cover.jpg
’ frontiers ‘ Frontiers in Immunology

The Immune Change of the Lung and
Bowel in an Ulcerative Colitis Rat
Model and the Protective Effect of
Sodium Houttuyfonate Combined

With Matrine





OEBPS/Images/fimmu-13-888918-g006.jpg
Relative mRNA level

Relative mRNA level

o

°

SP-A

LUNG o I o s— —
Pt e a—————

()

-
n

-
°

e o o
> o o

Relative protein level
o
o

SP-A






OEBPS/Images/fimmu-13-888918-g001.jpg
SASP

Sodium+Matrine

SW100X

SW100X

SASP

Sodium+Matrine

5W400 %





OEBPS/Images/table1.jpg
Gene Sequence of primers (5’ -3’) Product Size Cycling parameters

TLR4 F:CTT TCA GGG AAT TAG GCT CC 116 bp 10min at 95°C, 30sec at 95°C, 30sec at 55°C, 20 sec at 72°C, for 40 cycles
R: CCA AGA TCA ACC GAT GGA C

NF-kB F:ATC TGT TTC CCC TCATCT T 167 bp 10min at 95°C, 30sec at 95°C, 30sec at 55°C, 20 sec at 72°C, for 40 cycles
R: GTG CGT CTT AGT GGT ATC TG

MIF F:TCT CCG CCA TGC CTA TG 178 bp 10min at 95°C, 30sec at 95°C, 30sec at 60°C, 20 sec at 72°C, for 40 cycles
R:GGG TCG CTC GTG CCA CTA AA

MadCAM-1 F:CCG AAA TCC ACC AGA ACC 81 bp 10min at 95°C, 30sec at 95°C, 30sec at 54°C, 20 sec at 72°C, for 40 cycles
R: TCC AAT GCA CCG TCA CTC

SP-A F:CCA GAG CAG GAG GCAACAT 149 bp 10min at 95°C, 30sec at 95°C, 30sec at 58°C, 20 sec at 72°C, for 40 cycles
R:AGA AGC CCC ATC CAG GTAG

GAPDH F: CCA TGG AGA AGG CTG GG 195 bp 10min at 95°C, 30sec at 95°C, 30sec at 54°C, 20 sec at 72°C, for 40 cycles

R: CAA AGT TGT CAT GGA TGA CC






