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Abstract. 
Objective. Observe the protective effect of chlorogenic acid on dextran sulfate-induced ulcerative colitis in mice and explore the regulation of MAPK/ERK/JNK signaling pathway. Methods. Seventy C57BL/6 mice (half males and half females) were randomly divided into 7 groups, 10 in each group: control group (CON group), UC model group (UC group), and sulfasalazine-positive control group (SASP group), chlorogenic acid low dose group (CGA-L group), chlorogenic acid medium dose group (CGA-M group), chlorogenic acid high dose group (CGA-H group), and ERK inhibitor + chlorogenic acid group (E+CGA group). The effects of chlorogenic acid on UC were evaluated by colon mucosa damage index (CMDI), HE staining, immunohistochemistry, ELISA, and Western blot. The relationship between chlorogenic acid and MAPK/ERK/JNK signaling pathway was explored by adding ERK inhibitor. Results. The UC models were established successfully by drinking DSS water. Chlorogenic acid reduces DSS-induced colonic mucosal damage, inhibits DSS-induced inflammation, oxidative stress, and apoptosis in colon, and reduces ERK1/2, p -ERK, p38, p-p38, JNK, and p-JNK protein expression. ERK inhibitor U0126 reversed the protective effect of chlorogenic acid on colon tissue. Conclusion. Chlorogenic acid can alleviate DSS-induced ulcerative colitis in mice, which can significantly reduce tissue inflammation and apoptosis, and its mechanism is related to the MAPK/ERK/JNK signaling pathway.

1. Introduction
Ulcerative colitis (UC) is a refractory inflammatory disease of the large intestine [1], and the pathogenesis of UC is not fully understood. In addition to conventional treatment with corticosteroids and amino salicylic acid [2], the treatments of UC are including many new drugs such as TNF-antibody clinically widely used [3–6]. However, patients with ulcerative colitis often relapse after a certain period of treatment, which leads to serious economic and mental problems [7]. In-depth understanding of the pathogenesis and finding effective drug of UC is a hot topic of current research, and it is one of the medical problems urgently needed to be resolved.
Chlorogenic acid: [1,3,4,5-tetrahydroxycyclohexanecarboxylic acid-(3,4-dihydroxycinnamate, CGA)], chemical name 3-O-coffeic with quinic acid, molecular formula C6H18O9, and molecular weight 354.3 (Figure 1(a)) [8]. Chlorogenic acid is mainly found in traditional Chinese medicine honeysuckle, hawthorn, eucommia, and chrysanthemum, especially in coffee [9]. Studies have shown that chlorogenic acid has antioxidation, anti-inflammatory, and antibacterial effects, is free radical scavenging, and improves immune regulation [10–14]. Chlorogenic acid was shown to have a certain therapeutic effect on ulcerative colitis, inhibiting intestinal inflammation, weight loss, diarrhea, and colon shortening, and improving the immune regulation of intestinal microbes [15, 16]. However, the mechanism of chlorogenic acid has not been fully explored.
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Figure 1: Chlorogenic acid reduces DSS-induced colonic mucosal damage. (a) The chemical construction of chlorogenic acid; (b) CMDI scores were used to assess the degree of intestinal mucosal injury of mice in each group; (c) HE staining (scale bar=50 μm) was used to assess the degree of intestinal mucosal injury of mice in each group;  indicates P<0.05.


The pathway of mitogen-activated protein kinase (MAPK) is an important pathway for intracellular signal transduction, which widely presents in eukaryotic cells and is involved in the regulation of cell differentiation, proliferation, division, and apoptosis [17]. Among the MAPK family members, the earliest confirmed pathway is the transduction pathway, which is divided into extracellular signal-regulated kinase 1 (ERK1) and ERK2 [18]. The ERK pathway is a classical pathway for MAPK signaling [19]. In addition to ERK1/2, the MAPK family has another two members, c-Jun N-terminal kinase (JNK) and p38 kinase, which were reported to play a major role in promoting apoptosis [20]. The MAPK signaling pathway is a signaling pathway closely related to the pathogenesis of ulcerative colitis and its activation is considered to be one of the major factors leading to the release of cytokines and inflammatory mediators in ulcerative colitis [21–23]. It has been reported that chlorogenic acid has the regulation on MAPK signaling pathway in liver injury model [24], but the relationship of chlorogenic acid with MAPK signaling pathway in ulcerative colitis model has not been reported. Therefore, this article used the mouse model of ulcerative colitis to observe the protective effect of chlorogenic acid and to explore the regulation mechanism of MAPK / ERK / JNK signaling pathway in the process.
2. Materials and Methods
2.1. Laboratory Animals and Grouping
70 SPF C57BL/6 adult mice, half male and half female, weighing 25±3g, were provided by the Laboratory Animals Department of Shenyang Military Region General Hospital (rodent use license: SYXK(Jun)20120007; rodent production license: SCXK (Jun) 20120006); animal experiment was approved by the Experimental Animal Ethics Committee of General Hospital Shenyang Military Region (NO2017011).
The mice were randomly divided into 7 groups, 10 in each group: control group (CON group), UC model group (UC group), sulfasalazine positive control group (SASP group), chlorogenic acid low dose group (CGA-L group), chlorogenic acid middle dose group (CGA-M group), chlorogenic acid high dose group (CGA-H group), and ERK inhibitor plus chlorogenic acid treatment group (E+CGA group). In addition to the CON group, the ulcerative colitis model was made as described in the literature [25]. The dextran sodium sulfate (DSS) was dissolved in distilled water to prepare a 5% DSS solution, and the mice were allowed to freely drink the solution for 7 days, and then to drink distilled water for 14 days. After preparation of UC model, mice in the SASP group were given 100 mg/kg/day SASP through intragastrical administration for 10 days. In the CGA low, medium, and high dose groups mice were given 30, 60, and 120 mg/kg/day chlorogenic acid through intragastrical administration for 10 days. In the E+CGA group, U0126 (0.2 mg/kg), the inhibitor of ERK, was injected into the tail vein.
The disease activity index was used daily to observe the mice. Mice were anesthetized with pentobarbital sodium and the abdominal cavity was opened. After the blood was collected through the abdominal aorta, the anus was taken to the colon of the ileocecal section, and the mesenteric longitudinal section was taken, expanded, and fixed. The gross morphological changes were observed under the anatomical microscope. Each animal takes one tissue specimen in the distal colon, transverse colon, and ascending colon and at least one tissue in the severe inflammation or ulcer. These tissue samples were half fixed in 4% paraformaldehyde and half stored in the liquid nitrogen.
2.2. Colon Mucosal Damage Index (CMDI)
According to the methods in the literature, CMDI evaluation was briefly as follows: (1) ulcer and inflammation: 0 points, normal; 1 point, focal congestion, no ulcer; 2 points, ulcer without congestion or thickening of the intestinal wall; 3 points, one place with inflammatory ulcer; 4 points, ulcers and inflammatory sites in two places; 5 points, the main part of the damage along the colon extension ≥1cm; 6-10 points, injury along the length of the colon extended ≥2cm; for each increase of 1 cm damage, the score increased by 1 point; (2) The presence of adhesion: 0 points, normal; 1 point, slight adhesion; 2 points, the main adhesion [26].
2.3. HE Staining
Tissue samples fixed in paraformaldehyde were placed in 70%, 80%, 90%, 95%, and 100% different concentrations of alcohol, and xylene was transparent, dipped in wax, embedded in wax blocks, and sliced 4 μm each slice, and then dewaxed, hematoxylin stained for 5 minutes, washed by PBS, differentiated in 1% hydrochloric acid alcohol, dyed in eosin solution for 30 seconds, dehydrated in gradient alcohol, was in transparent treatment, neutral gum sealed, and observed in light microscope for pathological changes.
2.4. Immunohistochemistry
The sections of colon tissue were deparaffinized by xylene, hydrated with gradient ethanol, incubated with 0.1% Tritonx-100 for 30 min, and rinsed 3 times with PBS for 5 min each. The sections were blocked by 5% BSA and 10% sheep serum successively for 30 min. The sections were incubated separately with primary antibody ERK1/2 (ab17942, Abcam), p-ERK (ab192591, Abcam), p38 (ab31828, Abcam), p-p38 (ab47363, Abcam), JNK (ab208035, Abcam), and p-JNK (ab124956, Abcam) in a wet box at 4°C overnight, washed 3 times with PBS for 5 min per time and second antibody at 37°C for 40 minutes, and washed with PBS 3 times for 5 minutes per time. Horseradish peroxidase-labeled streptavidin protein was added dropwise at 37°C for 40 minutes. The sections were rinsed 3 times with PBS for 5 minutes each time, developed by DAB, microscopically observed, and photographed.
2.5. ELISA Essay
Enzyme-linked immunosorbent assay (ELISA) kit (Cloud-Clone Corp., USA) was used to detect the expression of TNF-α (SCA133Mu, USCN), IL-1β (CSB-E08054m, CUSABIO), IL-6 (SEA079Mu, USCN), IL-10 (SEA056Mu, USCN), PAF (CEA526Ge, USCN), PGE2 (CEA538Ge, USCN), MPO (SEA601Mu, USCN), and SOD (SES134Mu, USCN) in serum and tissues of mice. The operation steps are carried out according to the kit operating instructions: after the kit is equilibrated to room temperature (20 ~ 25°C), the corresponding reaction plate wells were added 100 ul standard and 100 ul diluted sample, then mixed and incubated for 20 min at room temperature, then washed with washing buffer, adding 100 ul serum sample to each well, and incubated at 37°C for 2 h; after washing, l00ul HRP labeled secondary antibody per well was added and the plates were incubated for 30 min at 37°C and washed, and then 50 ul solution A and 50 ul solution B were added, and there was coloration for 15 min in the dark, adding 50 ul of the stop solution. The OD value was measured at 450 nm using a microplate reader (Bio-rad 680), and the concentration was calculated by a standard curve.
2.6. Western Blot
The protein sample was added to the corresponding proportion of SDS gel loading buffer and boiled for 5 min. After SDS-PAGE electrophoresis and transferred membrane, the membrane was blocked 5% skim milk in PBST buffer, at room temperature for 1 hour and washed with PBST for 3 times. Then ERK1/2, p-ERK, p38, p-p38, JNK, p-JNK, and Bcl-2 (ab321124, Abcam), Bax (ab53154, Abcam), and Caspase3 (ab44976, Abcam) (1:500) primary antibody were added, and the membranes were incubated overnight at 4°C, washed 3 times with PBST, and incubated in the corresponding secondary antibody labeled with horse. Then the membranes were added by radish peroxidase and incubated for 1 hour at room temperature. The membrane was washed 3 times and ECL developed. The gel imaging system was photographed, and the image J software was used to analyze the gray value.
2.7. Statistical Analysis
Statistical analysis was performed using SPSS 20.0 software, and the measurement data were analyzed by t-test and analysis of variance. Data represent mean ± standard deviation, and all statistical tests are two-sided probability tests. P < 0.05 difference was statistically significant.
3. Results
3.1. Chlorogenic Acid Reduces DSS-Induced Colonic Mucosal Damage
DSS-induced mouse ulcerative colitis model was administrated with SASP or various doses of chlorogenic acid; the CMDI score and HE staining were taken to evaluate the degree of intestinal mucosal damage. Compared with the CON group, the CMDI scores of the UC group were significantly higher (P<0.05). Compared with the UC group, the SASP group and the CGA-H group could significantly reduce the CMDI score of the mice (P<0.05) (Figure 1(b)), but there was no significant difference between CGA-L, CGA-M groups and UC group; HE staining was used to observe the pathological changes of intestinal tissue in each group. Compared with the CON group, the UC group showed pathological changes such as mucosal epithelial cell degeneration, necrosis, and inflammatory cell infiltration, the CGA-L and CGA-M groups are similar to the UC group, mild epithelial degeneration/necrosis and a small number of inflammatory cells could be observed in the CON group, SASP group, and CGA-H group (Figure 1(c)).
3.2. Chlorogenic Acid Inhibits DSS-Induced Colonic Mucosal Inflammation
The ELISA essay was used to detect the changes of inflammatory factors in mice and intestinal tissues (Figure 2). Compared with CON, the expression levels of inflammatory factors IL-1β, IL-6, and TNF-α in serum and colon tissues of UC group were significantly increased. The expression of IL-10 was significantly decreased (P<0.05). Compared with UC group, the levels of IL-1β, IL-6, and TNF-α in CGA-H group were significantly decreased, and the expression of IL-10 was significantly increased (P<0.05). There was no significant difference in the SASP group compared with the CGA-H group (P>0.05). It was suggested that chlorogenic acid could inhibit the inflammatory reaction of mucosal tissue induced by DSS in ulcerative colitis, but there was no significant difference between CGA-L, CGA-M groups and UC group (P>0.05).
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Figure 2: Chlorogenic acid inhibits DSS-induced colonic mucosal inflammation. ELISA assay was used to detected inflammatory factors in the intestinal tissues and serum. (a) IL-1β, (b) IL-6, (c) TNF-α, and (d) IL-10 level in the intestinal tissues; (e) IL-1β, (f) IL-6, (g) TNF-α, and (h) IL-10 level in the serum;  indicates P<0.05.


3.3. Chlorogenic Acid Improves DSS-Induced Oxidative Stress in Colon
The changes of oxidative stress-related factors in blood and intestinal tissues were detected by ELISA essay (Figure 3). Compared with CON group, the PAF, PGE2, and MPO were upregulated in serum and colon tissue of UC group and the SOD was significantly downregulated (P<0.05). Compared with the CGA-H group, there was no significant difference in the SASP group (P>0.05). Compared with UC group, there was no significant difference in CGA-L and CGA-M (P>0.05). Therefore, the CGA-H group was selected for subsequent experiments. The above results suggested that the antioxidant substances in the rats after ulcerative colitis are reduced and the oxidative damage is aggravated and chlorogenic acid can effectively improve the damage.
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(h)
Figure 3: Chlorogenic acid improves DSS-induced oxidative stress in colon. ELISA assay was used to detect the changes of oxidative stress-related factors in mice intestinal tissues and serum. (a) PAF, (b) PGE2, (c) MPO, and (d) SOD level in the intestinal tissues; (e) PAF, (f) PGE2, (g) MPO, and (h) SOD level in the serum;  indicates P<0.05.


3.4. Chlorogenic Acid Alleviates DSS-Induced Colonic Mucosal Apoptosis
To observe the apoptosis of colon tissue, Western blot confirmed that compared with the CON group, the expression of Bcl-2 protein was significantly decreased and the expression of Bax and Caspase3 protein was significantly increased in the DSS-induced model group (P<0.05). In contrast, Bcl-2 protein expression was increased in the CGA group and the SASP group and Bax and cleaved-Caspase3 protein expression were decreased (P<0.05) (Figures 4(a)-4(d)). This indicates that chlorogenic acid can significantly inhibit the apoptosis of intestinal tissue cells induced by DSS in ulcerative colitis.
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(d)
Figure 4: Chlorogenic acid alleviates DSS-induced colonic mucosal apoptosis. Western blot assay was performed to detect the expression levels of (a, b) Bcl-2, (a, c), and (a, d) cleaved-Caspase3;  indicates P<0.05.


3.5. Effect of Chlorogenic Acid on the Expression of MAPK/ERK/ JNK Pathway-Related Proteins in DSS Mice
To further investigate the mechanism of action of chlorogenic acid on DSS rats, immunohistochemistry (IHC) (Figures 5(a)-5(b)) and Western blot (Figure 5(c)) were used to detect the expression of MAPK/ERK/JNK pathway-related proteins. The results showed that compared with CON, UC group mucosal tissue ERK1/2, p -ERK, p38, p-p38, JNK, p-JNK, p-IκB, and p-p65 expression increased significantly (P<0.05). Compared with UC group, ERK1/2, p-ERK, p38, p-p38, JNK, p-JNK, p-IκB, and p-p65 in CGA group were significantly reduced (P < 0.05). From this result, it can be seen that the protective effect of chlorogenic acid on DSS-induced ulcerative colitis intestinal tissue is related to the MAPK/ERK/JNK pathway.
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(c)
Figure 5: Effect of chlorogenic acid on the expression of MAPK/ERK/ JNK pathway-related proteins in DSS mice. The expression levels of MAPK/ERK/NF-κB pathway-related proteins were detected by IHC and Western blot. IHC assay was performed to detect (a) ERK1/2, p-ERK, p38, p-p38, (b) JNK, p-JNK, p-IκB, and p-p65 of mice in each group (scale bar=50 μm); (c) Western blot assay was performed to detect the expression levels of ERK1/2, p-ERK, p38, p -p38, JNK, p-JNK, p-IκB, and p-p65 protein of mice in each group;  indicates P<0.05.


3.6. Chlorogenic Acid Improves DSS-Induced Ulcerative Colitis in Mice through MAPK/ERK/JNK Signaling Pathway
To further verify that the therapeutic effect of chlorogenic acid on UC is achieved by inhibiting the MAPK/ERK/JNK signaling pathway, the ERK inhibitor U0126 was first administered in mice to block the pathway before DSS-induction. We found that the effects of chlorogenic acid including reduction of the CMDI score and inhibition of intestinal mucosal damage were blocked.
Meanwhile, chlorogenic acid inhibited inflammatory factors IL-1β, IL-6, TNF-α, PAF, and PGE2 in serum and colon tissues of mice. The expression of MPO and the promotion of IL-10 expression were all inhibited (Figure 6(a)). In addition, the antiapoptotic effects of chlorogenic acid disappeared after the MAPK/ERK/JNK signaling pathway was blocked (Figure 6(b)). The above results indicated that the signaling pathway was blocked and the therapeutic effect of chlorogenic acid on ulcerative colitis mice was inhibited. In addition, we examined the expression of MAPK/ERK/JNK pathway-associated proteins, and ERK1/2, p38, JNK, IkappaB (IκB), and p65 protein phosphorylation were significant after administration of ERK inhibitors. The decrease indicated that the MAPK/ERK/JNK pathway was blocked and there was no change in the expression of each protein after chlorogenic acid administration, indicating that the effect of chlorogenic acid on MAPK/ERK/JNK pathway disappeared (P<0.05) (Figure 6(c)). These results indicated that chlorogenic acid can alleviate the inflammatory response of ulcerative colitis tissue and inhibition of apoptosis may be achieved through the MAPK/ERK/JNK signaling pathway.
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(c)
Figure 6: Chlorogenic acid improves DSS-induced ulcerative colitis in mice through MAPK/ERK/JNK signaling pathway. (a) ELISA assays were used to detected IL-1β, IL-6, TNF-α, IL-10, PAF, PGE2, MPO, and SOD expression levels of mice in each group; (b) Western blot assay was performed to detect the expression levels of Bax, Bcl-2, and cleaved-Caspase3 protein of mice in each group; (c) Western blot assay was performed to detect the expression levels of ERK1/2, p-ERK, p38, p -p38, JNK, p-JNK, p-IκB, and p-p65 protein of mice in each group;  indicates P<0.05.


4. Discussion
In this study, after successfully establishing a mouse model of ulcerative colitis (UC), we identified that chlorogenic acid can reduce the degree of UC lesions, reduce inflammatory response and apoptosis, play a protective role in DSS-induced UC, and improve the expression of MAPK pathway-associated protein in colonic mucosa induced by DSS. These results suggested its mechanism may be achieved through the MAPK/ERK/JNK pathway.
Ulcerative colitis is a disease of unknown etiology, which is deleterious in the rectum and colon. The clinical features such as diarrhea, sputum, pus and bloody stools, abdominal pain, and ulcerative colitis are recurrent chronic diseases and can occur at any age, for both male and female, more common in young and middle-aged, mostly in western developed countries [27]. In recent years, the incidence of UC is on the rise and tends to be younger [28], but its etiology and pathogenesis have not yet been fully clarified. It is currently believed to be mainly related to genetics, infection, environment, and immunity [29]. Modern medical treatment of UC is mainly based on drugs such as hormones, sulfonamides, and immunosuppressive agents, which can control its symptoms, but the problems of hormone resistance, side effects, and easy repetition are hard to be resolved [30]. In recent years, traditional Chinese medicine ingredients have played an important role in the treatment of ulcerative colitis [31–34]. Studies have shown that hesperidin (flavonoids) may downregulate IL-6 levels in serum by lowering MPO activity and MDA levels in colon tissues [35]. Allicin can regulate CD68, MPO, MDA, and inflammation factor expression to attenuate DSS-induced ulcerative colitis, and its mechanism may be related to the regulation of signal transducer and activator of transcription 3 (STAT3) and nuclear factor-κB (NF-κB) signaling pathway activity [36]. It has recently been found that chlorogenic acid can also have a certain therapeutic effect on ulcerative colitis, inhibit intestinal inflammation, and improve the immune regulation of intestinal microbes [15], but the specific mechanism of action has not been reported.
Chlorogenic acid is one of the main active ingredients of many Chinese herbal medicines such as honeysuckle and eucommia [9]. Chlorogenic acid has antioxidation, antibacterial, antiviral, and antitumor effect; is blood pressure lowering, blood lipid lowering, and free radical scavenging; and improves immune regulation [10, 13, 37–40]. Studies have shown that administration of a certain amount of chlorogenic acid and caffeic acid to adult rats can significantly reduce cholesterol and tocopherol levels in tissues such as liver and plasma [41]. Studies have shown that chlorogenic acid can exert anti-inflammatory effects by inhibiting NF-κB signaling pathway in lipopolysaccharide- (LPS-) induced mouse protoplasts and BV2 microglial inflammation models [42]. In recent years, the role of chlorogenic acid in the treatment of colitis has been gradually recognized. Studies have found that chlorogenic acid pretreatment can improve H2O2-induced intestinal mitochondrial damage, mitochondrial swelling, reactive oxygen species increasing, and cytochrome C release decreasing, which indicates that chlorogenic acid can reduce mitochondrial damage by improving intestinal mitochondrial ultrastructure [43]. It can also inhibit intestinal inflammation, cause weight loss, diarrhea, and colon shortening, and improve the immune regulation of intestinal microbes [44]. The results in this experiment showed that chlorogenic acid can significantly improve tissue damage, reduce inflammatory factors, and increase the expression of anti-inflammatory factors, indicating that chlorogenic acid has a protective effect on DSS-induced ulcerative colitis.
PAF can stimulate platelet and leukocyte aggregation, promote oxygen free radical production, increase adhesion molecules, lead to white blood cell adhesion, and aggregate and increase oxygen radicals [45]. PAF can dilate blood vessels, increase vascular permeability, make plasma infiltration out, reduce the blood volume, cause extensive edema of the colonic mucosa [46], stimulate intestinal secretion induced diarrhea, and promote the release of prostaglandins and leukotrienes and other inflammatory reactions [47]. PAF and platelets activate each other, making active UC abnormal blood rheology and lead to thrombotic complications; PAF binds to surface receptors of target cell and activates nuclear factor NF-κB, which upregulates the synthesis and secretion of TNF-α, IL-1 [48, 49]. MPO is a highly expressed enzyme in neutrophils, and its expression upregulation can reflect the increase of neutrophils in tissue and then indirectly be related with inflammation. Therefore, the activity of MPO can be used to evaluate the degree of infiltration of inflammatory cells [50]. Studies have shown that MPO activity increases gradually with the increase of inflammation degree in rat model of ulcerative colitis induced by acetic acid [51].
More evidence suggests that oxidative stress and immune dysfunction caused by oxygen free radicals, genetic factors, and environmental factors are major factors in the pathogenesis of UC [52]. Studies have found that the damaging effects of intestinal oxidative stress are the main factors leading to the occurrence and/or further development of UC [53]. Therefore, effective antioxidant therapy will be one of the ways to treat UC [54, 55]. SOD is the main antioxidant substance in the body, which can effectively remove oxygen free radicals in the body and relieve oxidative damage caused by oxygen stress, thus achieving the purpose of controlling inflammation [56]. SOD has been proved to be one of the effective drugs for the treatment of UC [57]. The experimental study found that different rat UC animal models showed significant decrease in SOD content in serum and colon tissue, oxidative-antioxidant balance was broken, and the ability to scavenge oxygen freely in the body was reduced [58]. Oxidative damage caused by oxygen stress was further aggravated. After administration, the SOD related drug can effectively increase the activity of serum and colon tissue, remove excess oxygen free radicals in the body, relieve oxidative damage caused by oxygen stress, and reduce inflammation. This study found that chlorogenic acid reduced DSS-induced colonic mucosal damage, significantly prolonged the length of the colon, reduced epithelial cell degeneration / necrosis, and reduced mucosal inflammatory factors and apoptosis protein expression.
NF-κB is a key transcription factor that regulates the inherent immune response and inflammation. The infiltration of immune cells in the colon and rectal mucosa is regulated by the activation of NF-κB to regulate the development of the UC. The activation of NF-κB is mainly achieved through the phosphorylation and dissociation of its inhibitor IκB, and the phosphorylation expression of IκB and NF-κB p65 increased in DSS-induced colitis model [59]. We found chlorogenic acid can reduce the phosphorylation level of IκB and NF-κB p65 protein, thus inhibiting the activity of NF-κB. MAPK/ERK/JNK pathway is the main signal transduction pathway of many factors, which is related to intestinal injury, and the three most representative pathways are ERK pathway, JNK pathway, and p38/MAPK pathway [60–63]. MAPK is a kind of highly conserved serine protease, which is involved in mediating the process of cell differentiation, proliferation, division, and apoptosis. The MAPK pathway is highly conserved, playing signal transduction function in a three-stage kinase cascade. ERK, JNK, and p38 are considered to be the main kinases in MAPK, and they can be induced by a variety of cytokines, hormones, and proteins [64]. In recent years, people have become more and more aware of the important role of MAPK/ERK/JNK signaling pathway in the pathogenesis of UC [65]. p38 is an important protein in ulcerative colitis, which can be activated by a variety of cytokines, such as hormones, IL-1, and TNF-α. p38 can make TATA binding protein phosphorylation in the downstream nuclear NF-κB complex, regulate the transcription activity of NF-κB, and then regulate the inflammatory response [66]. After ERK is activated, it can regulate the downstream targets NF-κB, Bcl-2, and so on, thus affecting the inflammatory response and cell apoptosis [67]. JNK plays a regulatory role in inflammation, oxidative stress, and other processes; IL-1 can activate JNK and participate in inflammatory reactions [68]. Shi L et al. found that Beta glucan of lentinus edodes can alleviate DSS-induced colonic inflammatory cell infiltration in mice, reduce the concentration of malondialdehyde (MDA) and myeloperoxidase (MPO), and inhibit iNOS and TNF-α, IL-1β, and IL-6 and phosphorylation of JNK/ERK1/2 and p38, which suggested that Beta glucan of lentinus edodes can inhibit DSS-induced ulcerative colitis and reduce the expression of inflammatory factors, and its molecular mechanism may be involved in the inhibition of MAPK pathway and inactivate Elk-1 and activate PPARγ [69]. It has been found that octreotide can stimulate NHE8 expression in colonitis mice, and somatostatin receptor 2 (SSTR2) agonist fragments and somatostatin receptor 5 (SSTR5) agonists can inhibit ERK1 / 2 phosphorylation by restoring NHE8 expression [70]. This study found that chlorogenic acid can improve the expression of ERK1/2, p-ERK, p38, p-p38, JNK, and p-JNK proteins of the MAPK/ERK/JNK pathway in DSS animal model, which suggested that chlorogenic acid has protective effect on UC and its mechanism of action may be achieved through the MAPKERK/JNK pathway.
To further validate the relationship between chlorogenic acid in the treatment of ulcerative colitis and the MAPK/ERK/JNK signaling pathway, we administered a U0126 (0.2 mg/kg) to the tail vein before administration to block MAPK/ERK/ JNK signaling pathway. The results showed that when the MAPK signaling pathway was inhibited, protective effect of chlorogenic acid on UC has been totally blocked, TNF-α, IL-1β, and IL-6 are still increased, and the anti-inflammatory factor IL-10 is increased. Antiapoptosis function, inhibition of the phosphorylation of IκB, NF-κB, and p65, and the regulation of MAPK/ERK/JNK signaling pathway-related protein expression disappeared. We further suggested that chlorogenic acid plays a role in the treatment of ulcerative colitis by inhibiting MAPK/ERK/JNK signaling pathway and provided a theoretical basis for chlorogenic acid to be an effective therapeutic agent for ulcerative colitis.
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