[image: image1]The adjunctive role of metformin in patients with mild to moderate ulcerative colitis: a randomized controlled study

		CLINICAL TRIAL
published: 19 March 2025
doi: 10.3389/fphar.2025.1507009


[image: image2]
The adjunctive role of metformin in patients with mild to moderate ulcerative colitis: a randomized controlled study
Ammena Y. Binsaleh1, Sahar M. El-Haggar2, Sahar K. Hegazy2,3, Maha M. Maher4,5, Monir M. Bahgat4, Thanaa A. Elmasry6,7, Sarah Alrubia8, Amsha S. Alsegiani8, Mamdouh Eldesoqui9 and Mostafa M. Bahaa3*
1Department of Pharmacy Practice, College of Pharmacy, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia
2Clinical Pharmacy Department, Faculty of Pharmacy, Tanta University, El-Gharbia Government, Tanta, Egypt
3Pharmacy Practice Department, Faculty of Pharmacy, Horus University, New Damietta, Egypt
4Internal Medicine Department, Faculty of Medicine, Mansoura University, Mansoura, Egypt
5Internal Medicine Department, Faculty of Medicine, Horus University, New Damietta, Egypt
6Pharmacology and Toxicology Department, Faculty of Pharmacy, Tanta University, Tanta, Al-Gharbia, Egypt
7Pharmacology and Toxicology Department, Faculty of Pharmacy, Sinai University, Arish campus, Egypt
8Pharmaceutical Chemistry Department, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia
9Department of Basic Medical Sciences, College of Medicine, AlMaarefa University, Riyadh, Saudi Arabia
Edited by:
Agnieszka Śliwińska, Medical University of Lodz, Poland, Poland
Reviewed by:
Abad Khan, University of Swabi, Pakistan
Aysun Yakut, Istanbul Medio University, Türkiye
* Correspondence: Mostafa M. Bahaa, mbahaa@horus.edu.eg
Received: 06 October 2024
Accepted: 14 February 2025
Published: 19 March 2025
Citation: Binsaleh AY, El-Haggar SM, Hegazy SK, Maher MM, Bahgat MM, Elmasry TA, Alrubia S, Alsegiani AS, Eldesoqui M and Bahaa MM (2025) The adjunctive role of metformin in patients with mild to moderate ulcerative colitis: a randomized controlled study. Front. Pharmacol. 16:1507009. doi: 10.3389/fphar.2025.1507009

Background: Metformin, hypoglycemic medication, is recognized for its diverse properties and its capacity to influence the inflammatory pathways. Medications with anti-inflammatory and anti-oxidative characteristics have been demonstrated to be able to elicit and sustain remission in ulcerative colitis (UC), chronic inflammatory disorder of the bowel. Studies in both preclinical and clinical settings have looked into the several metabolic pathways via which metformin protects against UC.Aim: To assess efficacy of metformin as adjunctive therapy in patients with mild to moderate UC.Methods: This clinical research was double-blinded, randomized, controlled, and involved 60 patients with mild to moderate UC. The participants were randomly assigned to one of two groups (n = 30). The control group was given 1 g of mesalamine three times a day (t.i.d.) for a period of 6 months (mesalamine group). The metformin group was given 500 mg of metformin twice daily and 1 g of mesalamine t. i.d. For a period of 6 months. Patients with UC were assessed by a gastroenterologist using the disease activity index (DAI) both at the beginning of treatment and 6 months thereafter. To evaluate the drug’s biological efficacy, measurements of fecal calprotectin, serum C-reactive protein (CRP), interleukin 10 (IL-10), and nitric oxide (NO) were taken both before and after treatment.Study outcomes: Decrease in DAI and change in the level of measured serum and fecal markers.Results: The metformin group displayed a statistical reduction in DAI (p = 0.0001), serum CRP (p = 0.019), NO (p = 0.04), and fecal calprotectin (p = 0.027), as well as a significant increase in IL-10 (p = 0.04) when compared to the mesalamine group. There was a significant direct correlation between DAI and calprotectin (p < 0.0001, r = 0.551), and between DAI and CRP (p < 0.0001, r = 0.794). There was a significant negative correlation between DAI and IL-10 (p = 0.0003, r = 0.371).Conclusion: Metformin may be an effective adjunct drug in management of patients with mild to moderate UC by decreasing DAI and other inflammatory markers that were involved in the pathogenesis of UC.Clinical Trial Registration: identifier NCT05553704.Keywords: ulcerative colitis, disease activity index, metformin, calprotectin, nitric oxide
1 INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are two of the many gastrointestinal tract disorders that are included in the category of inflammatory bowel diseases (IBD), which are long-term inflammatory diseases. More than 0.3% of persons in North America, Australia, and Europe have IBD, making it a very prevalent condition in western countries. This significantly burdens the medical care industry (Wanchaitanawong et al., 2022). IBD is rare (0.001%–0.05%) in Asia, Africa, and South America, but a recent study indicated that its incidence has increased yearly by 4%–15% in these newly modernized regions, raising concerns about the disease’s potential impact on global health (Gajendran et al., 2019).
The pathogenesis of UC is complex and involves an impaired intestinal barrier, external factors, genetic susceptibility, bacterial imbalance in the gut, and an inappropriate immunological response (Guan 2019). The course of treatment for UC is determined by the severity and course of the disease. Currently, patients with mild to moderate cases can receive conventional treatments like amino salicylates (ASA), immunomodulators, and corticosteroids, or biologic agents like anti-interleukin (IL) 12/23, anti-tumor necrosis factor (TNF), anti-Janus kinase (JAK), and anti-integrin (Silaghi et al., 2022). Regardless of the abundance of biologic medications on the market, therapeutic outcomes are not always desirable. Patients considered to be primary non-responders to anti-TNFs ranged from 10 to 40 percent (Marsal et al., 2022). A progressive absence of response also occurred in 10–50 percent of patients (Marsal et al. 2022). Thus, between 20 and 30 percent of patients with UC and 30 to 40 percent of those with CD required intestinal surgery at some point in their lives. In addition, IBD patients find it challenging to take several currently prescribed drugs due to their negative effects (Burisch et al., 2022). Clinicians have therefore been searching for novel therapies or strategies to repurpose drugs that are successful in treating UC.
Cytokines play a major role in the inflammatory processes that promote inflammation and the pathophysiology of UC by, among other things, producing inflammatory mediators and activating inflammatory pathways. In UC, they directly result in tissue destruction and mucosal inflammation, which set off condition-specific immune reactions (Neurath 2024). Numerous inflammatory mediators were involved in the pathogenesis of UC like interleukins, chemokines, and other mediators (Neurath 2024).
Currently, the most fully investigated inflammatory indicators are CRP and fecal calprotectin (Yoon et al., 2014). Despite the documented association between endoscopic activity and CRP, the evidence are currently insufficient to justify its widespread application in UC (Magro et al., 2016). There are several positive findings for fecal calprotectin, which demonstrate extremely strong association with clinical response, endoscopic parameters, as well as mucosal restoration in UC (Angriman et al., 2007; Nakov et al., 2019; Yoon et al. 2014).
Reactive oxygen and reactive nitrogen species (ROS and RNS) have long been implicated in both the causes and development of UC (Muro et al., 2024). The injured lamina propria of patients with UC showed considerable neutrophil infiltration and a rise in myeloperoxidase levels, which were similar to the epithelia. In mice, inducible nitric oxide synthase (iNOS) gene deletion was demonstrated to drastically reduce the development and severity of colitis (McCafferty et al., 2000; Piechota-Polanczyk and Fichna 2014). In UC, iNOS is thought to be responsible for significantly elevated NO generation in the mucosa and in areas of inflammation in conjunction with nitrotyrosine (Tachibana et al., 2020). iNOS-derived NO enhances cytokine production in large intestine, leading to neutrophil infiltration, for example, by stimulating the production of intracellular adhesion molecule (ICAM) and P-selectin, resulting in colonic tissue injury (Piechota-Polanczyk and Fichna 2014).
Metformin, with its comparatively low cost as well as favorable safety characteristics, is the initial therapy for patients with type 2 diabetes (McCreight et al., 2016). Beyond its anti-diabetic effects, previous studies have highlighted its potential therapeutic benefits, including anticancer activity, cardiovascular protection, anti-aging effects, and anti-inflammatory properties (Anisimov 2013; Leone et al., 2014; Rena and Lang 2018). Notably, metformin has been shown to enhance goblet cell numbers in the gastrointestinal tract, suggesting a mucus-protective role (Xue et al., 2016). Additionally, multiple preclinical studies have demonstrated that metformin reduces colitis severity by inhibiting key inflammatory pathways, including p38 mitogen-activated protein kinase (MAPK), Jun N-terminal kinases (JNK), phosphorylated signal transducer and activator of transcription 3 (pSTAT3), and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) (Deng et al., 2018; Di Fusco et al., 2018; El-Haggar et al., 2024). EL-mahdy et al., reported that metformin reduced disease activity index (DAI) and inflammatory markers in oxazolone induced colitis (El-Mahdy et al., 2021). Clinically, metformin alleviated inflammation, decreased serum inflammatory markers, and upregulated tight junction proteins in patients with mild to moderate UC (El-Haggar et al., 2024). Metformin is associated with improved IBD outcomes in patients with Type 2 diabetes mellitus in propensity-matched cohort study (Petrov et al., 2024).
Despite these promising findings, clinical evidence supporting the use of metformin as an adjuvant therapy in UC remains limited. To the best of our knowledge, this study is among the first randomized controlled trials to evaluate the efficacy of metformin in patients with mild to moderate UC. In light of these investigations, our study aims to provide novel insights into the potential therapeutic role of metformin in UC management by assessing its effects on DAI, fecal calprotectin, and key inflammatory biomarkers such as serum CRP, NO, and IL-10.
2 PATIENTS AND METHODS
This study was a part of our previously published work about repurposing of metformin in patients with mild to moderate UC (El-Haggar et al., 2024). Between November 2022 and December 2023, sixty patients who satisfied the eligibility criteria were selected from the Gastroenterology Department. The ethical review committee of the Mansoura University Faculty of Medicine authorized this research. The Helsinki Declaration and its 1964 revisions were followed and adhered in the study’s design and methods. The patients were told that they might withdraw from the research at any time. Both patients and physicians were kept blinded about the kind of exposure and randomization. An unblinded chemist administered study medications to participants to guarantee appropriate treatment assignment; the chemist was not involved in the assessment of research results.
2.1 Inclusion criteria
Patients above the age of eighteen, both male and female, were enrolled in this study. Effective contraception and a negative pregnancy test should be provided to female patients. This clinical study only covered mild to moderate patients of UC.
2.2 Exclusion criteria
Patients receiving systemic or rectal steroids, immunosuppressive medications, or having severed type UC were excluded. Additionally excluded were patients with renal or hepatic impairment in order to avoid the adverse metabolic consequences of metformin. Diabetic patients were excluded to specifically assess the anti-inflammatory and immunomodulatory effects of metformin in UC without the confounding influence of its glucose-lowering properties. Individuals have a history of lactic acidosis, total or partial colectomy, and colorectal malignancy were also ineligible. Lastly, women who were nursing and those who were receiving metformin treatment for polycystic ovarian syndrome either before or now were not included.
2.3 Study design
The safety and effectiveness of metformin as an adjuvant medication to mesalamine in treatment of UC were assessed in this clinical study.
Under the NCT05553704 code, this study was listed at www.Clinical.Trials.gov.in.2022.
The patients were split into two groups at random (n = 30), as Figure 1 CONSORT flow diagram illustrates. A computer random number generator was used to select randomly permuted blocks for the randomization process. Thirty patients were randomly allocated to one of two groups after fulfilling the eligibility requirements and giving their written, informed consent.
Group 1 (mesalamine group): Patients in this group received 1 g of mesalamine tablets t. i.d. (PentasaR 500 mg, Multi Pharm, Egypt) and a placebo for a period of 6 months.
Group 2 (metformin group): Patients in this group received 500 mg metformin tablets bid (GlucophageR 500 mg, Mina Pharm, Egypt) and 1 g of mesalamine tablets t. i.d. (PentasaR 500 mg, Multi Pharm, Egypt) for a period of 6 months.
[image: Figure 1]FIGURE 1 | CONSORT diagram showing the flow of patients during study.
2.4 Sample size calculations
The sample size for our study was determined based on recommendations by Sima and Lewis (Sim and Lewis 2012) who suggest a minimum of 22 participants per group for detecting small to medium effect sizes in pilot studies. Since there were not any studies that investigated the effect of metformin on DAI in patients with mild to moderate UC, this study was designed to be a pilot one. Given that our study serves as a preliminary investigation into the efficacy of metformin as an adjuvant therapy in UC, we aimed to ensure adequate statistical power while maintaining feasibility. To enhance the robustness of our findings, we increased the sample size to 32 patients per group, accounting for a power of 0.80, an α-error of 0.05 (two-tailed), and a 20% dropout rate. This approach aligns with standard recommendations for pilot studies, ensuring that our study provides meaningful preliminary data to inform future larger-scale trials.
2.5 Study protocol
In alongside the enrollment checks, UC patients received thorough mental, physical, and psychological assessments. Patients were randomly assigned to receive either a placebo tablet and 1 g of mesalamine tablets given t. i.d. (mesalamine group) or 1 g of mesalamine tablets taken t. i.d. Together with 500 mg of metformin tablets orally administered bid (metformin group), in accordance with the CONSORT guidelines. Zeta Pharma Company produced placebo tablets, which were identical in appearance to metformin tablets. Along with nutritional and lifestyle counseling, all medications were administered orally to the patients. Based on earlier research, the doses of metformin and mesalamine that have been chosen are 500 mg bid (Garber et al., 1997) and 1 g t. i.d. (Kruis et al., 2003), respectively. The chosen dosage of 500 mg twice a day falls within the widely used therapeutic range, and prior research examining its non-glycemic effects has demonstrated that it is well tolerated in non-diabetic people. Metformin by itself is not (Holstein and Egberts 2003; Lalau et al., 1998) or infrequently (Group UPDS, 1998) linked to hypoglycemia, which is characterized by symptoms and indicators of hypoglycemia and/or plasma glucose levels below 3.3 mmol/l as well as a clinical reaction to glucose delivery. The reported risks of hypoglycemia for metformin users ranged from 0% to 21%, in a previous review (Bolen et al., 2007). Metformin may have a lesser risk of hypoglycemia than other oral antidiabetic medications because it does not directly boost insulin production. However, hypoglycemia in patients using metformin may occur in association with strenuous physical activity or fasting (Bodmer et al., 2008). Furthermore, we advised all patients to take metformin after meals, this will result in reducing the incidence of hypoglycemia. Importantly, we carefully monitored all participants for any signs of hypoglycemia or adverse effects throughout the study to ensure patient safety.
2.6 Follow-up
Monthly phone calls and meetings were used to follow up with patients. At the first visit, patients received a full medical history, liver function [alanine amino-transferase (ALT) and aspartate amino-transferase (AST)] and kidney function testing (serum creatinine (SrCr), and complete blood counts in order to exclude out any organic abnormalities. Serum biomarkers (NO, CRP, IL-10) and fecal calprotectin were measured.
2.7 Study outcomes
Change in DAI and measured serum and fecal markers (IL-10, NO, CRP, calprotectin).
2.8 Evaluation of colitis
In accordance with Mitsuru Seo et al., the Disease Activity Index (DAI) was computed for every patient both before and after 6 months of treatment (Seo et al., 1992).
DAI = 13 x bowel movements +60 x blood stool +0.5 x ESR - 4 x HB - 15 x albumin +200. Index values below 150, values between 150 and 220, and values above 220 nearly corresponded to mild, moderate, and severe disease, respectively.
Bowel movements: Reflecting the frequency of diarrhea as an indicator of disease severity.
Blood in stool: A critical marker of mucosal inflammation and ulceration.
Erythrocyte Sedimentation Rate (ESR): A systemic inflammatory marker.
Hemoglobin (HB): Representing the impact of chronic inflammation and potential blood loss.
Serum albumin: A marker of nutritional status and disease severity.
Constant factor (200): Used for standardization of the scale.
2.9 Therapeutic assessments
Therapeutic assessment was done by measuring DAI, serum markers (NO, CRP, IL-10), and fecal calprotectin.
2.10 Sample collection
Before the investigation began and 6 months after the treatment, 10 mL of blood were drawn from the antecubital vein. The blood sample was then centrifuged for 10 mins at 4,500 g (Hettich Zentrifugen EBA 20) after the blood was progressively transferred into test tubes and allowed to coagulate. Two serum aliquots were taken; the first was used for routine tests on the kidney and liver, and the second one was frozen at −80°C to measure specific cytokine levels.
Stools that had been weighed were dissolved in regular saline and centrifuged. Clear supernatants were used to analyze the calprotectin in fecal material.
2.11 Biochemical analysis
Using commercially available enzyme-linked immunosorbent assay (ELISA) kits, the serum levels of IL-10 (catalogue no.: 201-12-0,103), NO (catalogue no.: 201–12–1,511), CRP (catalogue no.: DY1707), and fecal calprotectin (catalogue no.: 201-12-5,461) were measured in accordance with manufacturer’s guidelines. With the exception of the CRP kits, which came from R&D Systems China Co., Ltd., the kits were supplied by Sunredio, Shanghai, China.
The human IL-10 level in samples was measured using a double-antibody ELISA kit. IL-10 was added to a monoclonal antibody enzyme well that had been pre-coated with human IL-10 monoclonal antibody for incubation; then IL-10 antibodies labelled with biotin were added and combined with Streptavidin-HRP to form an immune complex; finally, incubation and washing to remove the uncombined enzyme were carried out. Then chromogen solution A and B were added, changing the color of the liquid from blue to yellow as a result of the acid effect. All markers were measured in the same manner.
2.12 Statistical analysis
The statistical analysis was performed using Prism version 9 from GraphPadsoftware, Inc., San Diego, California, United States. Using the Shapiro-Wilk method, the normality of a continuous variable was examined. Using the Wilcoxon test and the Student’s t-test before and after therapy, significant variations were observed within the group for nonparametric and parametric data, respectively. To find any statistically significant variations between groups before and after therapy, the Man Whitney test and the unpaired Student’s t-test were used for nonparametric and parametric data, respectively. While the mean ± SD was utilized to convey quantitative data, numbers, median, and the interquartile range, were utilized to represent qualitative markers. The Pearson correlation test was used to find the correlation between the normally distributed parameters. The Chi-square test and Fisher exact test were utilized for categorical results. There were two tails to every p-value, with less than 0.05 p-value being regarded as statistically significant.
3 RESULTS
3.1 Clinical and demographic characteristics
The current study found no statistically significant differences between mesalamine and metformin groups in terms of baseline characteristics, including platelet count (p = 0.147), SrCr (p = 0.617), age (p = 0.113), sex (p = 0.796), weight (p = 0.726), height (p = 0.404), ALT (p = 0.289), AST (p = 0.467), and glycated hemoglobin (p = 0.643). Regarding the baseline demographic data which are the same as our previously published one (El-Haggar et al., 2024), we put this table in the Supplementary Table S1. Due to non-compliance with medication, two patients were lost to follow-up in the metformin group. Two other patients were dropped from the mesalamine group and transferred to immunosuppressive combination therapy. Since sixty patients finished the trial, all measurable parameters' statistical analyses were carried out in accordance with protocol.
3.2 Effect of study medications on measured markers
At the start of the study, there were no significant differences in all measured markers between the two study groups (p > 0.05). (Table 1).
TABLE 1 | Effect of study medications on measured parameters.
[image: Table 1]After treatment, mesalamine group showed significant changes in all measured markers when compared to its baseline values as followed: DAI (179.4 ± 26.37 versus 110.6 ± 33.4, p < 0.0001), IL-10 (170 ± 17.16 versus 178.9 ± 13.76, p = 0.039), NO (240 (153.5–255.5) versus 187.7 (125.3–267.3), p = 0.007), CRP (152.3 ± 9.521 versus 65.66 ± 8.407, p < 0.0001), and calprotectin (27.07 ± 3.822 versus 23.49 ± 3.718, p = 0.0005) (Table 1).
Metformin group displayed significant changes in all measured markers when compared to its baseline values as followed: DAI (170.9 ± 31.22 versus 81.47 ± 20.51, p < 0.0001), IL-10 (172.1 ± 12.04 versus 187.7 ± 18.46, p = 0.0007), NO (230.8 (137.5–256) versus 146 (100.5–194.2), p = 0.0003), CRP (154.3 ± 7.964 versus 59.80 ± 10.42, p < 0.0001), and calprotectin (30.44 ± 4.543 versus 21.13 ± 4.313, p < 0.0001) (Table 1).
Between group comparisons, unpaired t-test revealed that there were significant changes in DAI (p = 0.0001), IL-10 (p = 0.04), CRP (p = 0.019), and calprotectin (p = 0.027). ManWitney test revealed that there was a significant change in NO (p = 0.04) level between the two groups.
3.3 Correlation analysis between the studied parameters
In mesalamine group, there was a significant direct correlation between DAI and CRP [(p = 0.004, r = 0.36), Figure 2A], and between DAI and calprotectin [(p = 0.0001, r = 0.48), Figure 3A] and a significant negative correlation between DAI and IL-10 [(p = 0.018, r - = 0.302), Figure 4A].
[image: Figure 2]FIGURE 2 | Correlation analysis between Disease activity index (DAI) and IL-10 in mesalamine group (A) and metformin group (B).
[image: Figure 3]FIGURE 3 | Correlation analysis between Disease activity index (DAI) and fecal calprotectin in mesalamine group (A) and metformin group (B).
[image: Figure 4]FIGURE 4 | Correlation analysis between Disease activity index (DAI) and serum C-reactive protein (CRP) in mesalamine group (A) and metformin group (B).
In metformin group, there was a significant direct correlation between DAI and CRP [(p < 0.0001, r = 0.854), Figure 2B], and between DAI and calprotectin [(p < 0.0001, r = 0.7), Figure 3B] and a significant negative correlation between DAI and IL-10 [(p = 0.002, r - = 0.39), Figure 4B].
4 DISCUSSION
Ulcerative colitis (UC) is a form of inflammatory bowel disease characterized by persistent and recurring inflammation in the colon, leading to symptoms such as abdominal pain, bloody diarrhea, more frequent bowel movements, and other systemic effects. Its increasing incidence has been linked to lifestyle changes in developing countries, along with several other factors (Ke et al., 2021). Reactive oxygen species and a rise in inflammatory responses have long been known to have a role in the development of this illness, even though its exact cause is unknown (El-Mahdy et al. 2021). Elevated levels of oxidative stress indicators, pro-inflammatory cells, and mediators were observed in the colonic tissue of UC patients and together they contribute to the loss of integrity and ulceration of mucosa (Wanchaitanawong et al. 2022).
We have published part of this work previously, and this is a continuation of this previous study (El-Haggar et al., 2024). Several clinical (El-Haggar et al., 2024; Kabel et al., 2017; Petrov et al. 2024) and preclinical studies (El-Mahdy et al. 2021; Ke et al. 2021; Liu et al., 2021) were conducted and evaluated the repurposing of metformin in inflammatory bowel diseases. It is worthy to note that this is the first clinical study to evaluate the effect of metformin on patients with mild to moderate UC by decreasing NO, calprotectin, CRP, DAI, and increasing anti-inflammatory cytokine (IL-10).
Metformin administration in addition to mesalamine substantially lowered oxidative stress and decreased colitis more than mesalamine monotherapy. In light of these findings, the current study offers a crucial knowledge of the part metformin plays in the medication’s protective effects against oxidative stress and inflammation. The findings demonstrate that metformin lessens UC severity. There is consistent evidence that in mouse colitis, metformin has anti-inflammatory effects. Metformin decreased colonic inflammation by activating the AMP-activated protein kinase, according to research by Di Fusco et al., (Di Fusco et al. 2018). According to Lee et al., metformin reduced colitis by increasing the AMPK signaling cascade and inhibiting STAT3 activation (Lee et al., 2015). Additionally, Deng et al. demonstrated that metformin alleviated mice colitis by protecting against gastrointestinal barrier disruption through AMPKa1-dependent suppression of JNK pathway stimulation (Deng et al. 2018).
Metformin combination with mesalamine in the current study significantly reduced DAI when compared to mesalamine monotherapy. These results were in line with previous reports (Koh et al., 2014; Liu et al. 2021). Metformin (100 mg/kg and 500 mg/kg) taken orally considerably reduced the degree of severity of colitis as determined by body weight loss, DAI, and colon length (Koh et al. 2014). Dextran sulfate-(DSS)-induced acute colitis was significantly improved with metformin pretreatment (Koh et al. 2014). EL-mahdy et al., reported that metformin either alone or in combination with mesalamine significantly reduced macroscopic and microscopic scores in oxazolone induced colitis (El-Mahdy et al. 2021). All of these observations and previous findings highlighted the protective role of metformin in reducing mucosal damage in UC. When compared to the same parameters before therapy in a previous trial, metformin administration to patients with UC resulted in a significant drop in colonic endoscopic score as well as an alleviation of the histopathology (Kabel et al. 2017). Metformin reduced the symptoms of colitis brought on by the DSS, as seen by reduction in disease index, increased body weight, and improved mucosal integrity (Liu et al. 2021).
It was previously believed that oxidative stress was a major factor in the pathophysiology of UC. Persistent bowel inflammation in UC is usually attributed to an excess of ROS and RNS, respectively (Balmus et al., 2016). Oxidative stress is generated in UC when there is typically an imbalance between ROS and antioxidant capacity. Upon synthesis, ROS engage in molecular complex interactions to trigger oxidative damage within cells. This damage can impact lipids, proteins, and nucleic acids, resulting in the creation of lipid peroxides, disruption of enzyme functions, and split DNA strands (Jena et al., 2012). According to Ashabi et al.'s research, the nuclear factor erythroid 2 related factor (Nrf2) pathway is activated by metformin’s promotion of AMPK activation, which in turn causes its antioxidant and anti-inflammatory actions (Ashabi et al., 2015). This was consistent with the current study’s findings, which indicated that patients with UC had a markedly elevated NO level at the onset of treatment. Metformin treatment dramatically decreased NO in comparison to both the mesalamine group and its baseline value. These findings coincide with previous researches (El-Mahdy et al. 2021; Pandey et al., 2017; Sadeghi et al., 2019). Wang et al., evaluated how metformin inhibited iNOS, which in turn reduced the amount of NO produced by monocytes (Wang et al., 2020). The present investigation found that the administration of mesalamine considerably decreased the level of NO, and these findings are consistent with prior reports (He et al., 2019). Metformin also enhanced the ability of antioxidant enzymes by raising lower glutathione levels (Sadeghi et al., 2019). Strong antioxidant and free radical scavenger properties have been demonstrated in mesalamine (Kaiser et al., 1999).
Fecal calprotectin levels were significantly lower in the metformin group as compared to the baseline and mesalamine groups. These outcomes were consistent with earlier research (Boshra 2022; Djaja et al., 2019). When there is persistent inflammation in the gut, polymorphonuclear neutrophils move from the bloodstream to the gastrointestinal mucosa. Neutrophils flow into the lumen as a result of any inflammatory process-induced damage of the mucosal architecture, releasing calprotectin, which is subsequently expelled in stool (D'Amico et al., 2020). The quantity of calprotectin found in the feces is positively correlated with the intensity of UC (Grgić et al., 2022). In comparison with mesalamine alone, the current investigation showed that metformin plus mesalamine dramatically decreased calprotectin. Grip and Olof showed that in patients with Crohn’s disease (CD), there was a strong relationship between the proinflammatory mediators and the calprotectin quantity (Grip and Janciauskiene 2009). Fecal calprotectin levels in UC patients' stools are a good indicator of mucosal healing and are correlated with both histologic and endoscopic inflammation (Theede et al., 2015). In support with the current research, there was a strong positive correlation between DAI and fecal calprotectin. These results support the notion that calprotectin may be a prognostic and diagnostic non-invasive tool in UC. Taina Sipponen et al., reported that inflammatory bowel diseases activity was assessed by fecal calprotectin and lactoferrin and there was a strong correlation between Crohn’s disease activity index and endoscopic findings (Sipponen et al., 2008).
The current study demonstrated that combination therapy between metformin and mesalamine significantly reduced CRP when compared to mesalamine alone. These findings were in line with previous researches in the same field (Chen et al., 2017; Vermeire et al., 2004). IL-6, IL-1β, and TNF-α stimulate the production of CRP, a pentameric protein that is virtually entirely generated by hepatocytes. (Tall 2004). The primary acute-phase protein is CRP. CRP has a baseline value of 1 mg/L, and its levels are somewhat influenced by genetics. When there is an infection or inflammation in the acute phase, CRP levels rise sharply. When the inflammatory process is managed, CRP concentrations likewise drop rapidly (Vermeire et al. 2004). CRP levels significantly decreased after metformin treatment, especially in obese women (Chen et al. 2017). The effect of metformin on acute phase reactant proteins may be due to its potent anti-inflammatory activity by decreasing NF-kB, reducing insulin resistance, and activating AMPK pathways (Ye et al., 2018). The results of the current study revealed that there was a strong correlation between DAI and CRP level. These findings were matched with previous studies (Osada et al., 2008; Schoepfer et al., 2009). The clinical and endoscopic indices were used to prospectively analyze 134 UC patients in the Schoepfer et al. study. The highest correlation (r = 0.503) was seen between endoscopic disease activity and CRP. When CRP was raised, the overall accuracy of detecting endoscopically active illness was 62% (Schoepfer et al. 2009). In a different Japanese investigation, the total endoscopic and histological results were connected with the CRP concentration; specifically, the activity of proximal colonic lesions was positively correlated with both CRP and erythrocyte sedimentation rate (ESR) (Osada et al. 2008). These findings were validated by Henriksen et al., who demonstrated that CRP levels at diagnosis elevated as the disease’s severity increased in UC patients (Henriksen et al., 2008).
Several studies proved that metformin exhibited potent anti-inflammatory activity and boosting the levels of anti-inflammatory cytokines such as IL-10 (Jenkins et al., 2012; Sharma et al., 2013). These observations were matched with our study as there was a significant increase in serum IL-10 level by synergistic combination of metformin and mesalamine than mesalamine alone. The finding that mice lacking IL-10 and its receptor exhibit bowel inflammation on their own suggested a close relationship between IL-10 and gastrointestinal mucosal equilibrium. These factors have made IL-10’s anti-inflammatory qualities an extremely interesting target for IBD treatment (Shouval et al., 2014). Several studies established that mice deficient in IL-10 developed colitis and metformin treatment significantly boosts IL-10 (Berg et al., 2002; Elliott et al., 2004). However, a conflicting result showed that in a jejunal cell model of IBD, metformin increased IL-10 transcription while decreasing it in other cases (Wu et al., 2018). The shorter duration of the investigation, which was intended to mimic an acute inflammatory response, may have contributed to this contradictory results. This notion was strongly supported by previous research showing that metformin reduced the production of IL-10 in macrophages following acute lipopolysaccharide (LPS) exposure (Postler et al., 2021). IL-10 is a cytokine with anti-inflammatory properties that is also referred to as human cytokine synthesis inhibitory factor (CSIF). Monocytes are the main producers of this cytokine, with lymphocytes producing it to a lesser degree (Sharma et al. 2013). This mediator has multiple impacts on immunoregulation and inflammatory cascades. It suppresses the expression of costimulatory molecules, Th1 cytokines, and major histocompatibility complex (MHC) class II Ags on macrophages. Additionally, it improves B cell growth, survival, and production of antibodies (Sharma et al. 2013). This cytokine is involved in the control of the JAK-STAT signaling cascade and has the ability to suppress NF-jB activation (Sharma et al. 2013). Metformin limits the generation of IL-1β and increases IL-10 in lipopolysaccharide-stimulated macrophages via inhibiting the formation of ROS from nicotinamide adenine dinucleotide hydrogen (NADH) ubiquinone oxidoreductase (Kelly et al., 2015). It has been reported that metformin has a potent anti-inflammatory activity through peroxisome proliferator-activated receptors (PPAR) dependent mechanisms (Qu and Qu 2019).
Last but not at least, the mesalamine group displayed a significant reduction in DAI, serum NO, IL-10, CRP, and fecal calprotectin when compared to its baseline values. These findings were consistent with earlier publications. (Alarfaj et al., 2024; Bahaa et al., 2024; El-Haggar et al., 2024). Mesalamine has been widely utilized in the treatment of mild to moderate cases of UC, hence it is quite likely that mesalamine itself is responsible for these observations (Bahaa et al. 2024). These results align with previous studies that examined the impact of mesalamine on UC (El-Mahdy et al. 2021; El-Haggar et al., 2024). Mesalamine possesses anti-inflammatory and apoptotic properties and suppresses inflammatory cytokines through a PPAR-gamma-dependent manner (Rousseaux et al., 2005).
The study drugs were mostly accountable for the therapeutic outcomes because at the beginning of the investigation, there were not significant differences in the groups' clinical or demographic characteristics.
5 CONCLUSION
While preclinical studies have suggested that metformin may exert anti-inflammatory and immunomodulatory effects in IBD through AMP-activated protein kinase (AMPK) activation, inhibition of NF-κB signaling, and modulation of gut microbiota, clinical evidence remains scarce. Our study is the first clinical trial to investigate the effects of metformin as an adjunct to mesalamine in patients with UC, with a specific focus on fecal calprotectin, NO, CRP, and IL-10 as biomarkers of inflammation. Metformin may be a potential adjunctive treatment for patients with UC. This may be brought about by the combination of metformin and mesalamine’s synergistic anti-inflammatory and antioxidant properties, as well as their capacity to reduce inflammatory indicators and the DAI.
5.1 Merits of the study

1. Novelty and Clinical Relevance: Our trial is among the first to provide clinical evidence of metformin’s potential benefits in UC patients, specifically evaluating its effects on inflammatory biomarkers (CRP, IL-10, calprotectin), oxidative stress markers (NO), and disease activity indices.
2. Synergistic Mechanism with Mesalamine: The combination of metformin and mesalamine may enhance anti-inflammatory effects due to their complementary mechanisms of action. While mesalamine primarily inhibits prostaglandin synthesis and suppresses local inflammation, metformin reduces systemic inflammation and oxidative stress.
3. Potential Biomarker Utility: The study highlights fecal calprotectin, NO, CRP, and IL-10 as possible indicators of metformin’s therapeutic response in UC, paving the way for future biomarker-driven treatment strategies.
4. Clinical Implications for Drug Repurposing: Metformin is a well-characterized, widely available, and cost-effective drug with an established safety profile, making it an attractive candidate for adjunctive UC therapy.
5.2 Demerits and limitations of the study

1. Short Follow-up Duration: The relatively brief study period limits the ability to assess long-term effects of metformin on disease remission, relapse rates, and sustained biomarker changes.
2. Small Sample Size: The limited number of participants reduces statistical power and generalizability, necessitating larger, multicenter trials to confirm our findings.
3. Lack of Variable Dosage Analysis: The study utilized a fixed metformin dose, whereas dose-response variations could provide insights into the optimal therapeutic regimen for UC patients.
4. Absence of a Healthy Control Group and Metformin only Group: While including healthy participants and metformin only group for comparative analysis would have strengthened the findings, ethical restrictions in Egypt, particularly regarding invasive procedures such as colonic biopsies, posed challenges. IRB of Mansoura University rejected the recruitment of healthy control and metformin only groups.
5. Metformin-Related Adverse Effects Not Monitored: Given metformin’s known effects on glucose metabolism, vitamin B12 levels, and weight loss. Tracking serum glucose, body weight, and vitamin B12 levels would have been beneficial. These parameters should be considered before and after treatment in future studies.
Overall, despite these limitations, our study provides preliminary clinical evidence supporting metformin as a promising adjunct to mesalamine in UC management. Further randomized controlled trials with larger sample sizes, longer follow-up periods, and dose-response evaluations are warranted to validate these findings and explore metformin’s full therapeutic potential in UC.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by The Ethical Review Committee of the Mansoura University Faculty of Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
AB: Conceptualization, Funding acquisition, Software, Writing–original draft. SE-H: Investigation, Project administration, Supervision, Writing–review and editing. SH: Funding acquisition, Investigation, Methodology, Validation, Writing–review and editing. MM: Methodology, Supervision, Writing–original draft. MnB: Methodology, Writing–review and editing. TE: Funding acquisition, Investigation, Supervision, Writing–review and editing. SA: Conceptualization, Formal Analysis, Funding acquisition, Software, Writing–review and editing. AA: Formal Analysis, Funding acquisition, Software, Validation, Writing–review and editing. ME: Data curation, Funding acquisition, Methodology, Writing–original draft. MsB: Data curation, Methodology, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
ACKNOWLEDGMENTS
The authors recognize Zeta Pharma's role in generating the placebo. The current work was supported by Princess Nourah bint Abdulrahman University Researchers Supporting Project number (PNURSP2025R419), Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia. The authors would like to sincerely thank AlMaarefa University, Riyadh, Saudi Arabia, for supporting the research.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative 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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1507009/full#supplementary-material
REFERENCES
 Alarfaj, S. J., Bahaa, M. M., Elmasry, T. A., Elberri, E. I., El-Khateeb, E., Hamouda, A. O., et al. (2024). Fenofibrate as an adjunct therapy for ulcerative colitis: targeting inflammation via SIRT1, NLRP3, and AMPK pathways: a randomized controlled pilot study. Drug Des. Dev. Ther. 18, 5239–5253. doi:10.2147/DDDT.S490772
 Angriman, I., Scarpa, M., D'Incà, R., Basso, D., Ruffolo, C., Polese, L., et al. (2007). Enzymes in feces: useful markers of chronic inflammatory bowel disease. Clin. Chim. acta 381 (1), 63–68. doi:10.1016/j.cca.2007.02.025
 Anisimov, V. N. (2013). Metformin: do we finally have an anti-aging drug?Cell cycle 12 (22), 3483–3489. doi:10.4161/cc.26928
 Ashabi, G., Khalaj, L., Khodagholi, F., Goudarzvand, M., and Sarkaki, A. (2015). Pre-treatment with metformin activates Nrf2 antioxidant pathways and inhibits inflammatory responses through induction of AMPK after transient global cerebral ischemia. Metab. Brain Dis. 30 (3), 747–754. doi:10.1007/s11011-014-9632-2
 Bahaa, M. M., Hegazy, S. K., Maher, M. M., Bahgat, M. M., and El-Haggar, S. M. (2024). Pentoxifylline in patients with ulcerative colitis treated with mesalamine by modulation of IL-6/STAT3, ZO-1, and S1P pathways: a randomized controlled double-blinded study. Inflammopharmacology 32, 3247–3258. doi:10.1007/s10787-024-01560-6
 Balmus, I. M., Ciobica, A., Trifan, A., and Stanciu, C. (2016). The implications of oxidative stress and antioxidant therapies in Inflammatory Bowel Disease: clinical aspects and animal models. Saudi J. gastroenterology official J. Saudi Gastroenterology Assoc. 22 (1), 3–17. doi:10.4103/1319-3767.173753
 Berg, D. J., Zhang, J., Weinstock, J. V., Ismail, H. F., Earle, K. A., Alila, H., et al. (2002). Rapid development of colitis in NSAID-treated IL-10–deficient mice. Gastroenterology 123 (5), 1527–1542. doi:10.1053/gast.2002.1231527
 Bodmer, M., Meier, C., Krahenbuhl, S., and Jick, S. S. (2008). Metformin, sulfonylureas, or other antidiabetes drugs and the risk of lactic acidosis or hypoglycemia: a nested case-control analysis. Diabetes care 31 (11), 2086–2091. doi:10.2337/dc08-1171
 Bolen, S., Feldman, L., Vassy, J., Wilson, L., Yeh, H. C., Marinopoulos, S., et al. (2007). Systematic review: comparative effectiveness and safety of oral medications for type 2 diabetes mellitus. Ann. Intern. Med. 147 (6), 386–399. doi:10.7326/0003-4819-147-6-200709180-00178
 Boshra, S. A. (2022). Astaxanthin attenuates adiponectin, calprotectin, miRNA222 and miRNA378 in obesity induced by high-fat diet in rats. Curr. Pharm. Biotechnol. 23 (4), 609–618. doi:10.2174/1389201022666210810105804
 Burisch, J., Lophaven, S., Langholz, E., and Munkholm, P. (2022). The clinical course of Crohn’s disease in a Danish population-based inception cohort with more than 50 years of follow-up, 1962-2017. Alimentary Pharmacol. and Ther. 55 (1), 73–82. doi:10.1111/apt.16615
 Chen, Y., Li, M., Deng, H., Wang, S., Chen, L., Li, N., et al. (2017). Impact of metformin on C-reactive protein levels in women with polycystic ovary syndrome: a meta-analysis. Oncotarget 8 (21), 35425–35434. doi:10.18632/oncotarget.16019
 D'Amico, F., Bonovas, S., Danese, S., and Peyrin-Biroulet, L. (2020). Faecal calprotectin and histologic remission in ulcerative colitis. Alimentary Pharmacol. and Ther. 51 (7), 689–98. doi:10.1111/apt.15662
 Deng, J., Zeng, L., Lai, X., Li, J., Liu, L., Lin, Q., et al. (2018). Metformin protects against intestinal barrier dysfunction via AMPKα1-dependent inhibition of JNK signalling activation. J. Cell. Mol. Med. 22 (1), 546–557. doi:10.1111/jcmm.13342
 Di Fusco, D., Dinallo, V., Monteleone, I., Laudisi, F., Marafini, I., Franzè, E., et al. (2018). Metformin inhibits inflammatory signals in the gut by controlling AMPK and p38 MAP kinase activation. Clin. Sci. 132 (11), 1155–1168. doi:10.1042/CS20180167
 Djaja, N., Permadi, I., Witjaksono, F., Soewondo, P., Abdullah, M., Agustina, R., et al. (2019). The effect of Job’s tears-enriched yoghurt on GLP-1, calprotectin, blood glucose levels and weight of patients with type 2 diabetes mellitus. Med. J. Nutr. Metab. 12 (2), 163–171. doi:10.3233/mnm-180258
 El-Haggar, S. M., Hegazy, S. K., Maher, M. M., Bahgat, M. M., and Bahaa, M. M. (2024). Repurposing metformin as adjuvant therapy in patients with ulcerative colitis treated with mesalamine: a randomized controlled double-blinded study. Int. Immunopharmacol. 138, 112541. doi:10.1016/j.intimp.2024.112541
 Elliott, D. E., Setiawan, T., Metwali, A., Blum, A., Urban, J. F., and Weinstock, J. V. (2004). Heligmosomoides polygyrus inhibits established colitis in IL-10-deficient mice. Eur. J. Immunol. 34 (10), 2690–2698. doi:10.1002/eji.200324833
 El-Mahdy, N. A., El-Sayad, M. E.-S., El-Kadem, A. H., and Abu-Risha, S. E. S. (2021). Metformin alleviates inflammation in oxazolone induced ulcerative colitis in rats: plausible role of sphingosine kinase 1/sphingosine 1 phosphate signaling pathway. Immunopharmacol. Immunotoxicol. 43 (2), 192–202. doi:10.1080/08923973.2021.1878214
 Gajendran, M., Loganathan, P., Jimenez, G., Catinella, A. P., Ng, N., Umapathy, C., et al. (2019). A comprehensive review and update on ulcerative colitis. Disease-a-month 65 (12), 100851. doi:10.1016/j.disamonth.2019.02.004
 Garber, A. J., Duncan, T. G., Goodman, A. M., Mills, D. J., and Rohlf, J. L. (1997). Efficacy of metformin in type II diabetes: results of a double-blind, placebo-controlled, dose-response trial. Am. J. Med. 103 (6), 491–497. doi:10.1016/s0002-9343(97)00254-4
 Grgić, D., Golubić, K., Brinar, M., and Krznarić, Ž. (2022). Predictive value of faecal calprotectin in ulcerative colitis–single centre experience. Ann. Med. 54 (1), 1570–1577. doi:10.1080/07853890.2022.2082518
 Grip, O., and Janciauskiene, S. (2009). Atorvastatin reduces plasma levels of chemokine (CXCL10) in patients with Crohn's disease. PloS one 4 (5), e5263. doi:10.1371/journal.pone.0005263
 Group UPDS (1998). Effect of intensive blood-glucose control with metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet 352 (9131), 854–865.
 Guan, Q. (2019). A comprehensive review and update on the pathogenesis of inflammatory bowel disease. J. Immunol. Res. 2019 (1), 7247238. doi:10.1155/2019/7247238
 He, Z., Zhou, Q., Wen, K., Wu, B., Sun, X., Wang, X., et al. (2019). Huangkui lianchang decoction ameliorates DSS-induced ulcerative colitis in mice by inhibiting the NF-kappaB signaling pathway. Evidence-Based Complementary Altern. Med. 2019 (1), 1040847. doi:10.1155/2019/1040847
 Henriksen, M., Jahnsen, J., Lygren, I., Stray, N., Sauar, J., Vatn, M. H., et al. (2008). C-reactive protein: a predictive factor and marker of inflammation in inflammatory bowel disease. Results from a prospective population-based study. Gut 57 (11), 1518–1523. doi:10.1136/gut.2007.146357
 Holstein, A., and Egberts, E.-H. (2003). Risk of hypoglycaemia with oral antidiabetic agents in patients with Type 2 diabetes. Exp. Clin. Endocrinol. and diabetes 111 (07), 405–414. doi:10.1055/s-2003-44287
 Jena, G., Trivedi, P. P., and Sandala, B. (2012). Oxidative stress in ulcerative colitis: an old concept but a new concern. Free Radic. Res. 46 (11), 1339–1345. doi:10.3109/10715762.2012.717692
 Jenkins, N. T., Padilla, J., Arce-Esquivel, A. A., Bayless, D. S., Martin, J. S., Leidy, H. J., et al. (2012). Effects of endurance exercise training, metformin, and their combination on adipose tissue leptin and IL-10 secretion in OLETF rats. J. Appl. physiology 113 (12), 1873–1883. doi:10.1152/japplphysiol.00936.2012
 Kabel, A. M., Omar, M. S., Alotaibi, S. N., and Baali, M. H. (2017). Effect of indole-3-carbinol and/or metformin on female patients with ulcerative colitis (premalignant condition): role of oxidative stress, apoptosis and proinflammatory cytokines. J. Cancer Res. Treat. 5, 1–8. doi:10.12691/jcrt-5-1-1
 Kaiser, G. C., Yan, F., and Polk, D. B. (1999). Mesalamine blocks tumor necrosis factor growth inhibition and nuclear factor kappaB activation in mouse colonocytes. Gastroenterology 116 (3), 602–609. doi:10.1016/s0016-5085(99)70182-4
 Ke, H., Li, F., Deng, W., Li, Z., Wang, S., Lv, P., et al. (2021). Metformin exerts anti-inflammatory and mucus barrier protective effects by enriching Akkermansia muciniphila in mice with ulcerative colitis. Front. Pharmacol. 12, 726707. doi:10.3389/fphar.2021.726707
 Kelly, B., Tannahill, G. M., Murphy, M. P., and O'Neill, L. A. J. (2015). Metformin inhibits the production of reactive oxygen species from NADH: ubiquinone oxidoreductase to limit induction of interleukin-1β (IL-1β) and boosts interleukin-10 (IL-10) in lipopolysaccharide (LPS)-activated macrophages. J. Biol. Chem. 290 (33), 20348–20359. doi:10.1074/jbc.M115.662114
 Koh, S. J., Kim, J. M., Kim, I. K., and Ko, S. H. (2014). Anti-inflammatory mechanism of metformin and its effects in intestinal inflammation and colitis-associated colon cancer. J. gastroenterology hepatology 29 (3), 502–510. doi:10.1111/jgh.12435
 Kruis, W., Bar–Meir, S., Feher, J., Mickisch, O., Mlitz, H., Faszczyk, M., et al. (2003). The optimal dose of 5-aminosalicylic acid in active ulcerative colitis: a dose-finding study with newly developed mesalamine. Clin. Gastroenterology Hepatology 1 (1), 36–43. doi:10.1053/jcgh.2003.50006
 Lalau, J. D., Mourlhon, C., Bergeret, A., and Lacroix, C. (1998). Consequences of metformin intoxication. Diabetes care 21 (11), 2036–2037. doi:10.2337/diacare.21.11.2036
 Lee, S.-Y., Lee, S. H., Yang, E.-J., Kim, E. K., Kim, J. K., Shin, D. Y., et al. (2015). Metformin ameliorates inflammatory bowel disease by suppression of the STAT3 signaling pathway and regulation of the between Th17/Treg balance. PloS one 10 (9), e0135858. doi:10.1371/journal.pone.0135858
 Leone, A., Di Gennaro, E., Bruzzese, F., Avallone, A., and Budillon, A. (2014). New perspective for an old antidiabetic drug: metformin as anticancer agent. Adv. Nutr. Cancer 159, 355–376. doi:10.1007/978-3-642-38007-5_21
 Liu, X., Sun, Z., and Wang, H. (2021). Metformin alleviates experimental colitis in mice by up-regulating TGF-β signaling. Biotech. and Histochem. 96 (2), 146–152. doi:10.1080/10520295.2020.1776896
 Magro, F., Lopes, S. I., Lopes, J., Portela, F., Cotter, J., Lopes, S., et al. (2016). Histological outcomes and predictive value of faecal markers in moderately to severely active ulcerative colitis patients receiving infliximab. J. Crohn's Colitis 10 (12), 1407–16. doi:10.1093/ecco-jcc/jjw112
 Marsal, J., Barreiro-de Acosta, M., Blumenstein, I., Cappello, M., Bazin, T., and Sebastian, S. (2022). Management of non-response and loss of response to anti-tumor necrosis factor therapy in inflammatory bowel disease. Front. Med. 9, 897936. doi:10.3389/fmed.2022.897936
 McCafferty, D.-M., Sihota, E., Muscara, M., Wallace, J. L., Sharkey, K. A., and Kubes, P. (2000). Spontaneously developing chronic colitis in IL-10/iNOS double-deficient mice. Am. J. Physiology-Gastrointestinal Liver Physiology 279 (1), G90–G99. doi:10.1152/ajpgi.2000.279.1.G90
 McCreight, L. J., Bailey, C. J., and Pearson, E. R. (2016). Metformin and the gastrointestinal tract. Diabetologia 59 (3), 426–435. doi:10.1007/s00125-015-3844-9
 Muro, P., Zhang, L., Li, S., Zhao, Z., Jin, T., Mao, F., et al. (2024). The emerging role of oxidative stress in inflammatory bowel disease. Front. Endocrinol. 15, 1390351. doi:10.3389/fendo.2024.1390351
 Nakov, R., Velikova, T., Nakov, V., Gerova, V., and Tankova, L. (2019). Trefoil factor 3 is highly predictive of complete mucosal healing independently and in combination with C-reactive protein in patients with ulcerative colitis. J. Gastrointest. and Liver Dis. 28 (2), 169–174. doi:10.15403/jgld-177
 Neurath, M. F. (2024). Strategies for targeting cytokines in inflammatory bowel disease. Nat. Rev. Immunol. 24, 559–576. doi:10.1038/s41577-024-01008-6
 Osada, T., Ohkusa, T., Okayasu, I., Yoshida, T., Hirai, S., Beppu, K., et al. (2008). Correlations among total colonoscopic findings, clinical symptoms, and laboratory markers in ulcerative colitis. J. gastroenterology hepatology 23, S262–S267. doi:10.1111/j.1440-1746.2008.05413.x
 Pandey, A., Verma, S., and Kumar, V. L. (2017). Metformin maintains mucosal integrity in experimental model of colitis by inhibiting oxidative stress and pro-inflammatory signaling. Biomed. Pharmacother. 94, 1121–1128. doi:10.1016/j.biopha.2017.08.020
 Petrov, J. C., Desai, A. A., Kochhar, G. S., Crosby, S. K., Kinnucan, J. A., Picco, M. F., et al. (2024). Metformin is associated with improved inflammatory bowel disease outcomes in patients with type 2 diabetes mellitus: a propensity-matched cohort study. Inflamm. Bowel Dis. , izae147. doi:10.1093/ibd/izae147
 Piechota-Polanczyk, A., and Fichna, J. (2014). Review article: the role of oxidative stress in pathogenesis and treatment of inflammatory bowel diseases. Naunyn-Schmiedeberg's archives Pharmacol. 387, 605–620. doi:10.1007/s00210-014-0985-1
 Postler, T. S., Peng, V., Bhatt, D. M., and Ghosh, S. (2021). Metformin selectively dampens the acute inflammatory response through an AMPK-dependent mechanism. Sci. Rep. 11 (1), 18721. doi:10.1038/s41598-021-97441-x
 Qu, R., and Qu, W. (2019). Metformin inhibits LPS-induced inflammatory response in VSMCs by regulating TLR4 and PPAR-γ. Eur. Rev. Med. Pharmacol. Sci. 23 (11), 4988–4995. doi:10.26355/eurrev_201906_18090
 Rena, G., and Lang, C. C. (2018). Repurposing metformin for cardiovascular disease. Circulation 137 (5), 422–424. doi:10.1161/CIRCULATIONAHA.117.031735
 Rousseaux, C., Lefebvre, B., Dubuquoy, L., Lefebvre, P., Romano, O., Auwerx, J., et al. (2005). Intestinal antiinflammatory effect of 5-aminosalicylic acid is dependent on peroxisome proliferator-activated receptor-gamma. J. Exp. Med. 201 (8), 1205–1215. doi:10.1084/jem.20041948
 Sadeghi, H., Jahanbazi, F., Sadeghi, H., Omidifar, N., Alipoor, B., Kokhdan, E. P., et al. (2019). Metformin attenuates oxidative stress and liver damage after bile duct ligation in rats. Res. Pharm. Sci. 14 (2), 122–129. doi:10.4103/1735-5362.253359
 Schoepfer, A. M., Beglinger, C., Straumann, A., Trummler, M., Renzulli, P., and Seibold, F. (2009). Ulcerative colitis: correlation of the Rachmilewitz endoscopic activity index with fecal calprotectin, clinical activity, C-reactive protein, and blood leukocytes. Inflamm. bowel Dis. 15 (12), 1851–1858. doi:10.1002/ibd.20986
 Seo, M., Okada, M., Yao, T., Ueki, M., Arima, S., and Okumura, M. (1992). An index of disease activity in patients with ulcerative colitis. Am. J. Gastroenterology Springer Nat. 87 (8), 971–976.
 Sharma, A. K., Raikwar, S. K., Kurmi, M. K., and Srinivasan, B. P. (2013). Gemfibrozil and its combination with metformin on pleiotropic effect on IL-10 and adiponectin and anti-atherogenic treatment in insulin resistant type 2 diabetes mellitus rats. Inflammopharmacology 21, 137–145. doi:10.1007/s10787-012-0154-4
 Shouval, D. S., Ouahed, J., Biswas, A., Goettel, J. A., Horwitz, B. H., Klein, C., et al. (2014). Interleukin 10 receptor signaling: master regulator of intestinal mucosal homeostasis in mice and humans. Adv. Immunol. 122, 177–210. doi:10.1016/B978-0-12-800267-4.00005-5
 Silaghi, A., Constantin, V. D., Socea, B., Banu, P., Sandu, V., Andronache, L., et al. (2022). Inflammatory bowel disease: pathogenesis, diagnosis and current therapeutic approach. J. Mind Med. Sci. 9 (1), 56–77. doi:10.22543/7674.91.p5677
 Sim, J., and Lewis, M. (2012). The size of a pilot study for a clinical trial should be calculated in relation to considerations of precision and efficiency. J. Clin. Epidemiol. 65 (3), 301–308. doi:10.1016/j.jclinepi.2011.07.011
 Sipponen, T., Savilahti, E., Kolho, K.-L., Nuutinen, H., Turunen, U., and Färkkilä, M. (2008). Crohn's disease activity assessed by fecal calprotectin and lactoferrin: correlation with Crohn's disease activity index and endoscopic findings. Inflamm. bowel Dis. 14 (1), 40–46. doi:10.1002/ibd.20312
 Tachibana, M., Watanabe, N., Koda, Y., Oya, Y., Kaminuma, O., Katayama, K., et al. (2020). Ablation of IL-17A leads to severe colitis in IL-10-deficient mice: implications of myeloid-derived suppressor cells and NO production. Int. Immunol. 32 (3), 187–201. doi:10.1093/intimm/dxz076
 Tall, A. R. (2004). “C-reactive protein reassessed,”. N. Engl. J. Med. Mass Med. Soc. 350, 1450–1452. doi:10.1056/NEJMe048020
 Theede, K., Holck, S., Ibsen, P., Ladelund, S., Nordgaard-Lassen, I., and Nielsen, A. M. (2015). Level of fecal calprotectin correlates with endoscopic and histologic inflammation and identifies patients with mucosal healing in ulcerative colitis. Clin. Gastroenterology Hepatology 13 (11), 1929–1936.e1. doi:10.1016/j.cgh.2015.05.038
 Vermeire, S., Van Assche, G., and Rutgeerts, P. (2004). C-reactive protein as a marker for inflammatory bowel disease. Inflamm. bowel Dis. 10 (5), 661–665. doi:10.1097/00054725-200409000-00026
 Wanchaitanawong, W., Thinrungroj, N., Chattipakorn, S. C., and Shinlapawittayatorn, K. (2022). Repurposing metformin as a potential treatment for inflammatory bowel disease: evidence from cell to the clinic. Int. Immunopharmacol. 112, 109230. doi:10.1016/j.intimp.2022.109230
 Wang, H.-W., Lai, E. H.-H., Yang, C.-N., Lin, S. K., Hong, C. Y., Yang, H., et al. (2020). Intracanal metformin promotes healing of apical periodontitis via suppressing inducible nitric oxide synthase expression and monocyte recruitment. J. Endod. 46 (1), 65–73. doi:10.1016/j.joen.2019.10.001
 Wu, W., Wang, S., Liu, Q., Shan, T., and Wang, Y. (2018). Metformin protects against LPS-induced intestinal barrier dysfunction by activating AMPK pathway. Mol. Pharm. 15 (8), 3272–3284. doi:10.1021/acs.molpharmaceut.8b00332
 Xue, Y., Zhang, H., Sun, X., and Zhu, M. J. (2016). Metformin improves ileal epithelial barrier function in interleukin-10 deficient mice. PLoS One 11 (12), e0168670. doi:10.1371/journal.pone.0168670
 Ye, J., Zhu, N., Sun, R., Liao, W., Fan, S., Shi, F., et al. (2018). Metformin inhibits chemokine expression through the AMPK/NF-κB signaling pathway. J. Interferon and Cytokine Res. 38 (9), 363–369. doi:10.1089/jir.2018.0061
 Yoon, J. Y., Park, S. J., Hong, S. P., Kim, T. I., Kim, W. H., and Cheon, J. H. (2014). Correlations of C-reactive protein levels and erythrocyte sedimentation rates with endoscopic activity indices in patients with ulcerative colitis. Dig. Dis. Sci. 59, 829–837. doi:10.1007/s10620-013-2907-3
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Binsaleh, El-Haggar, Hegazy, Maher, Bahgat, Elmasry, Alrubia, Alsegiani, Eldesoqui and Bahaa. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1507009-t001.jpg
Mesalamine group (n = 30) Metformin group (n = 30) P value

Character Before After Before After After
treatment treatment treatment treatment treatment

DAI ‘ 179.4 + 26.37 1106 + 334 <0.0001* | 1709 + 3122 8147 £ 2051 <0.0001* | 0.0001%
IL-10 (pg/mL) I 170 £17.16 1789 £ 1376 0.039° 1721 £ 1204 1877 + 1846 0.0007* | 0.04%

NO (umol/L) ‘ 240 (153.5-255.5) 1877 (1253-267.3) | 0.007% 230.8 (137.5-256) 146 (1005-1942) | 0.0003¢ | 0.04##

CRP (pg/mL) ‘ 1523 £ 9.521 65.66 + 8.407 <0.0001% | 1543 + 7.964 59.80 + 1042 <0.0001* | 0,019
Calprotectin ‘ 27.07 £ 3822 pavsams oo 0t a5 2113 £ 4313 <0.0001* | 0,027
(ng/mL)

Data was displayed as median, interquartile range, and mean + SD, mesalamine group; UC, patients treated with mesalamine and placebo, Metformin group; UC, patients treated with
mesalamine plus metformin; DAL, disease activity index; IL-10, interleukin 10; NO, nitric oxide, CRP, C-reactive protein. (*) and (#) level of significance within the same group by paired t-test
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