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ULCERATIVE COLITIS: A COMPREHENSIVE REVIEW OF PATHOGENESIS, DIAGNOSIS, AND MANAGEMENT
Abstract

One to two million Americans and many more people worldwide suffer from ulcerative colitis (UC), a subtype of inflammatory bowel disease. Although the precise origin of ulcerative colitis is still unknown, a mix of environmental and genetic factors seem to be involved. Conventional therapies can be useful in preserving remission and shortening the duration of active disease phases, but they have drawbacks, and many UC patients do not react to even the most potent medications. This article examines possible non-traditional therapies, such as transdermal nicotine, probiotics, fiber, dietary modifications, and other nutrients, that could be used in addition to traditional methods or as part of an all-encompassing alternative therapy regimen. This review also discusses the disease's extra-intestinal manifestations, conventional treatment methods, nutritional deficits, risk factors, and pathophysiology.

INTRODUCTION: 

Crohn's disease (CD) and ulcerative colitis (UC) are the two most common chronic inflammatory conditions included in inflammatory bowel disease (IBD). Although there are many similarities between these two conditions such as diarrhea, bloody stools, weight loss, abdominal pain, fever, and exhaustion each has its own distinct characteristics. The pathophysiology, nutritional deficits, conventional therapy methods, natural treatment methods, and extra-intestinal symptoms of ulcerative colitis are the main topics of this paper.
Figure 1.

2. SYMPTOMS AND DESCRIPTION
Usually affecting just the innermost lining or mucosa of the colon and rectum, ulcerative colitis presents as continuous areas of inflammation and ulceration without any segments of normal tissue. Several types of UC are defined by the Crohn's and Colitis Foundation of America. Ulcerative proctitis is a condition that only affects the rectum and the most distal portion of the colon; restricted or distal colitis is a condition that affects the entire colon; and pancolitis is a condition that affects the entire colon (Santos et al., 2019).

UC can be subtle, with symptoms appearing gradually, or it might have an intense, fulminate initial onslaught. Diarrhea, cramping in the abdomen, and a progressive loosening of the stool are examples of less severe symptoms. As the illness worsens, the patient may also have mucus in the stool, severe rectal bleeding, fever, anemia, weight loss, exhaustion, and appetite loss that could lead to vitamin shortages (Rajapakse, 2023). 

3. RISK FACTORS AND EPIDEMIOLOGY
About half of the estimated 1-2 million Americans with IBD also have ulcerative colitis. Although UC can strike at any moment in life, it is typically identified before the age of thirty (Gros and Kaplan, 2023).  Men and women seem to be equally affected by the illness. 
A close relative with IBD is present in about 20% of UC patients.1 UC is more common in Caucasians, and it is three to six times more common among Jews of European heritage. Asia, Japan, Africa, and South America are the three regions where UC is least common. Breastfeeding, appendectomy, and smoking are linked to a lower incidence of UC (Corrao et al., 1998; Rigas et al., 1993; Kurina et al., 2002; Mitchell et al., 2002). A "Western diet", left-handedness, and sadness may raise the risk of ulcerative colitis (Kurina et al., 2001).

4. ULCERATIVE COLITIS DIAGNOSIS
A thorough patient history is crucial because the early signs of UC are similar to those of Crohn's disease, diverticulitis, colon malignancy, and irritable bowel syndrome (IBS). Additionally, stool cultures, eggs, and parasite analysis must be used to first rule out infectious causes of diarrhea and cramps. A complete blood count (CBC) to look for anemia and intestinal blood loss, as well as fever occult blood, are additional tests that may be carried out early in the diagnostic procedure. Flexible sigmoidoscopy or colonoscopy are typically used for confirmation if UC is not ruled out (Yangyang and Rodriguez, 2017).
5. ELEMENTS OF ULCERATIVE COLITIS'S ETIOPATHOGENESIS
Although the precise origin of ulcerative colitis is still unknown, a mix of environmental and genetic factors appear to be involved. Although these loci have not been consistently validated, whole genome scans have identified susceptibility genes for UC on chromosomes 1 and 4 (Rutgeerts and Geboes, 2001).

Increased levels of some inflammatory mediators, oxidative stress indicators, a disordered colonic milieu, abnormal glycosaminoglycan (GAG) content of the mucosa, decreased oxidation of short chain fatty acids (SCFAs), increased intestinal permeability, increased sulfide production, and decreased methylation are some of the pathological findings linked to UC. 

6. INFLAMMATORY MEDIATORS
For UC and CD, distinct cytokine and other inflammatory-mediator profiles have been found. The search for an immunological mechanism to explain the epithelial damage has been prompted by the characteristic lesions of ulcerative colitis (UC), which involve the mucosal layer with severe epithelial destruction, an abundance of neutrophils, and crypt abscesses (MacDonald and Murch, 1994; Tatiya-Aphiradee et al., 2018).

There is evidence that UC is characterized by T-helper 2 (Th2) (humoral) dominance, despite the theory that CD is a T-helper 1 (Th1) dominated (cell-mediated) immunological reaction. High levels of immunological globulins and autoantibodies are indicative of enhanced humoral immunity in UC. High quantities of immune globulins, particularly IgG1. Autoantibodies, such as anticolon and antineutrophil antibodies, have been found in UC patients' serum (Kett et al., 1987). Das et al. have discovered a 40 kDa protein on the colonic epithelium that triggers an IgG antibody reaction (Das et al., 1978).

The cytokine profile of UC patients shows greater indications of an overactive Th2 response, with higher interleukin-5 (IL-5) but no discernible increase in interferon-gamma (IFN-γ) or other cytokines linked to an overactive Th1 response (Blumberg and Strober, 2001). In comparison to controls or CD patients, several researchers have found that UC patients' mucosa had higher levels of IL-8. Both inflammatory bowel disorders have higher levels of other cytokines linked to generalized inflammation, such as IL-1, IL-6, and tumor necrosis factor-alpha (TNF-α). Evidence of both Th1- and Th2-mediated diseases has been found in animal models of colitis. Th1 cytokine responses produced acute transmural and localized lesions in a mouse model, while Th2 cytokine responses caused diffuse atrophic alterations in the mucosal layer and crypts. The authors come to the conclusion that in the animal model, Th1 responses more closely mimic inflammation linked to CD, whereas Th2 responses caused lesions similar to UC (Dohi et al., 2000; Sanchez-Munoz et al., 2008).

7. IN ULCERATIVE COLITIS, OXIDATIVE STRESS
Patients with ulcerative colitis have signs of elevated oxidative stress in their intestinal mucosa, which may be secondary to inflammation (Jena et al 2012). In one investigation, plasma antioxidant levels and indicators of oxidative stress were evaluated between UC and CD patients and controls. By measuring the production of 8-hydroxy-deoxyguanosine (8-OHdG), oxidative DNA damage was seen in both IBD groups as compared to controls. There were no differences between the UC and CD groups, although UC patients had considerably lower plasma levels of vitamins A and E as well as a number of carotenoids when compared to controls (D’Odorico et al., 2001).

Patients with ulcerative colitis have also been found to have higher levels of oxidative stress by other researchers. Reactive oxygen intermediates, DNA oxidation products (8 OHdG), and iron in inflammatory tissue were shown to be higher in UC patients' mucosal biopsies than in controls. Reduced concentrations of zinc and copper, which are cofactors for the natural antioxidant superoxide dismutase, were also noted. Moreover, elevated protein carbonyls in inflammatory mucosa were observed. According to the scientists, this supports the idea that mucosal proteins in IBD can be harmed by free radicals (Lih-Brody et al., 1996).

According to a notion put up by a number of researchers, reactive oxygen species (ROS) produce TNF-α, which in turn activates nuclear factor-kappa B (NF-kB), which in turn increases the production of TNF-α, creating a vicious cycle (Chapple, 1997).

8. THE RELATIONSHIP BETWEEN NICOTINE, SMOKING, AND UC
According to epidemiological research, smoking may provide some protection against UC (Bastida, and Beltran, (2011). Thirty recently diagnosed UC patients were matched to healthy controls based on age, sex, marital status, and economic level. An average of 27 months before diagnosis, patients with UC were three times less likely to smoke but seven times more likely to have given up smoking (Thornton et al., 1985).

Numerous research using transdermal nicotine patches or nicotine gum for the treatment of ulcerative colitis have been carried out due to the potential connection between smoking and protection from UC (Lunney and Leong, 2012). For eight weeks, seven UC patients were studied individually in a small, double-blind, cross-over study (single-patient trial). Every two weeks, nicotine gum (20 mg daily) and placebo gum were switched out as part of the therapy. Self-reported symptoms and a proctoscopic examination served as the basis for evaluation. Three out of seven patients- all of whom had previously smoked-showed adequate improvement to justify adding nicotine gum to their treatment plans.

Numerous double-blind studies have looked at the efficacy of transdermal patches. 
For six weeks, 72 patients with active UC were randomized to receive either daily transdermal nicotine patches containing 15–25 mg or placebo patches. Every patient continued to take their prior medications, which included mesalamine for all patients and low-dose glucocorticoids for 12 patients. Nine out of 37 patients in the placebo group and seventeen out of 35 patients in the nicotine group went into complete remission. Additionally, the nicotine group experienced a decrease in stool frequency, stomach pain, and urgency, as well as a higher improvement in clinical indications, symptoms, and histological results. Compared to just 11 patients in the placebo group, 23 patients in the nicotine group report adverse symptoms, primarily lightheadedness, nausea, headaches, and sleep disturbances (Pullan et al., 1994).

Some of these same researchers participated in a study that was released the following year, however it found no evidence of any appreciable benefits from transdermal nicotine usage. For six months, eighty UC patients in remission were randomly allocated to receive either a placebo patch or transdermal nicotine (15 mg patch for 16 hours daily) in a double-blind manner. Mesalamine was stopped for all patients as soon as a maintenance dosage of nicotine was established. There were no discernible variations in the number of relapses between the groups. The active treatment group's serum nicotine levels were lower than anticipated, according to the researchers, which would indicate low compliance (Thomas et al., 1995).

Positive results were obtained from a few modest Italian research. 15 mg of transdermal nicotine per day for four weeks produced a clinical remission that lasted for up to three months following nicotine withdrawal in seven out of ten patients with relapsing UC on mesalamine who did not tolerate steroids well.

Another minor study examined the effects of prednisone and transdermal nicotine in patients receiving mesalamine maintenance treatment. For five weeks, patients experiencing a clinical relapse were randomized to receive either transdermal nicotine or prednisone in addition to mesalamine. For six months, the first fifteen individuals in each group who showed endoscopic and clinical symptoms of remission were monitored. Relapse rates were 60% in the prednisone group and 20% in the nicotine group (Guslandi et al., 1998). In an additional assessment, individuals who were in remission as a result of either nicotine or prednisone were monitored for a full year. Patients were switched to the alternative treatment plan if they experienced a relapse. 14 out of 15 patients who were initially taking prednisone and 7 out of 15 who were taking nicotine experienced relapses after a year.  

9. THE ROLE OF IMMUNE RESPONSE AND GENETICS IN UC
The pathophysiology of ulcerative colitis (UC) is multifaceted, involving dysregulated immune responses, genetic susceptibility, epithelial barrier abnormalities, and environmental factors. 163 IBD-associated loci connected to both UC and CD have been found in a recent meta-analysis of genome-wide association studies (GWAS). Genes related to autophagy, microbial recognition, lymphocyte signaling, endoplasmic reticulum stress response, and cytokine signaling are found in these loci (Jostins et al., 2012). The commensal luminal flora is known to cause an inappropriate and excessive mucosal immune response in genetically predisposed individuals, resulting in intestinal tissue damage, even if the precise cause of UC is still unknown.

The pathophysiology of this illness may involve autoantibodies in the large intestine's mucosa. T-cell abnormalities found in the large intestine's lamina propria and epithelial cell layer, along with the corresponding activation of antibody-producing cells, encourage the local creation of these autoantibodies (Cohavy et al., 2000). The anti-colon antibody and the anti-neutrophil cytoplasmic antibody (ANCA) are two autoantibodies seen in the serum of UC patients (Cohavy et al., 2000). They participate in antibody-dependent cell-mediated cytotoxicity (ADCC), which is thought to be the reason why colonic mucosa is harmed (Masoodi et al., 2011). The degree of the immune response linked to UC is reflected in the levels of disease-specific autoantibodies against pANCA, a neutrophil protein with a perinuclear distribution. Nevertheless, there is little evidence to demonstrate the association between these autoantibodies and the pathophysiology of the disease because these antibodies may emerge after an infection (Masoodi et al., 2011). 

Neutrophil increase in the inflammatory intestinal mucosa is a recurring characteristic of UC. One of the enzymes found in neutrophil granulocytes is myeloperoxidase (MPO). When cytotoxic oxygen metabolites are stimulated, this granule enzyme is released. As a result, tissue damage at inflammatory areas may be facilitated by active neutrophils. MPO concentrations were shown to be several times higher in UC patients than in healthy controls, a sign of increased neutrophil activity. A straightforward, non-invasive indicator of illness and inflammatory activity is faecal MPO testing. While high stool MPO levels can indicate recurrence, low levels can identify intestinal repair and serve as an early indicator of therapy response in UC patients (Masoodi et al., 2011). 

Additionally, there is strong evidence that the pathophysiology of UC is significantly influenced by impaired mucosal immunoregulation, which includes aberrant alterations of T cells, B cells, granulocytes, macrophages, and the cytokines and chemokines these cells generate. The SNP rs3024505, which immediately flanks IL10 on chromosome 1, is one of the frequently duplicated markers identified in UC patients (Franke et al., 2008). Early UC onset is characterized by polymorphisms in IL-10, which are linked to loss-of-function mutations in IL-10 and IL-10 receptor (Engelhardt and Grimbacher, 2014). When stimulated, B cells, T cells, macrophages, and certain non-hematopoietic cells release the immunosuppressive cytokine IL10 (Saraiva and O'Garra, 2010). Because it impacts both the innate and adaptive immune systems, IL-10 has a wide range of effects on immunoregulation and host defense (Iyer and Cheng, 2012). It has been demonstrated that macrophage-derived IL-10 is not necessary for maintaining gut homeostasis in mice, however the deletion of the IL-10 receptor led to the development of severe colitis because of the impairment of monocyte-derived macrophages (Zigmond et al., 2014). Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) can control pro-inflammatory cytokines that IL-10 should decrease. It has been suggested that aberrant NF-κB activation and decreased IL-10 production affect UC pathogenesis (Marlow et al., 2013).
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Figure 2. Causes of ulcerative colitis
10. TRADITIONAL ULCERATIVE COLITIS TREATMENT:
Aminosalicylates, corticosteroids, antibiotics, and immunomodulators are examples of conventional medications for ulcerative colitis. Corticosteroids for acute episodes and aminosalicylates for maintaining remission are the most widely used procedures (Park and Cheon, 2022).

Sulfasalazine (azulfadine) and the 5-ASA-only drugs mesalamine, balsalazide, and olsalazine are examples of aminosalicylates. A 5-ASA molecule attached to sulfapyridine makes up sulfasalazine. Most of the adverse effects of sulfasalazine are caused by sulfapyridine, which is absorbed systemically after being cleaved from 5-ASA. These medications reduce inflammation by inhibiting NF-kB, IL-1, and IL-2 (Wahl et al., 1998; Cipolla et al., 2002). They also have antioxidant activity and hinder the function of monocytes and lymphocytes (Jani and Regueiro, 2002). Inhibition of sulfide formation is another possible mechanism. It has been discovered that 5-ASA prevents the synthesis of sulfides in vitro. Although 5-ASA appears to block butyrate oxidation, potentially interfering with normal SCFA metabolism, patients with UC who are not on 5-ASA medications seem to have higher fecal levels of sulfide than controls. It is yet unclear what this means for long-term use. These medications can also be administered as enemas or suppositories for proctitis and distal colitis.  

Thirty percent of sulfasalazine users experience side effects, which include headaches, rash, fever, agranulocytosis, pancreatitis, nephritis, hepatitis, nausea, vomiting, and male infertility (Taffet and Das, 1983). Additionally, individuals using sulfasalazine should take supplements of folic acid because the drug's sulfa component prevents the absorption of this vitamin. 
Although there have been reports of diarrhea and abdominal pain, the 5-ASA drugs without the sulfa moiety have less side effects (Jani and Regueiro, 2002). The cornerstone for acute UC episodes is corticosteroids. Inhibition of the arachidonic acid cascade, IFN-γ, and IL-1, IL -2, IL -4, IL -5, IL -6, and IL -8 are among its strong immunosuppressive effects. Prednisone exhibits a dose-response curve, although doses greater than 40 mg/day do not increase benefit (Jani and Regueiro, 2002). For diarrheal proctocolitis, topical steroids can be administered rectally via suppository or enema. Mood swings, weight gain, and fluid retention are among the adverse effects of short-term steroid use. Long-term use raises the risk of osteoporosis, myopathy, disorders linked to immunological suppression, cataracts, and adrenal insufficiency.

Unlike Crohn's disease, UC has not responded well to antibiotic prescriptions. Vancomycin, metronidazole, tobramycin, and ciprofloxacin are some of the medications tested (Mendizabal et al., 2024). In certain research, antibiotics have produced short-term gains that have not persisted over time. For individuals who are dependent on steroids, a novel class of medications called immune modulators, such as azathioprine and 6-mercap topurine, is being investigated. These medications work by preventing ribonucleotide synthesis and lymphocyte multiplication. Natural killer (NK) cell activity and T-cell function are suppressed, which results in their anti-inflammatory effects. They have serious side effects, such as pancreatitis, fever, rashes, arthralgias, nausea, and diarrhea, despite their effectiveness (Mendizabal et al., 2024). 

Cyclosporin, dubbed "the greatest treatment advance for UC in 10 years," suppresses T helper activity by blocking IFN-γ, TNF-α, and IL-2, IL -3, and IL -4. Patients with severe UC who are no longer responding to steroids will find it especially helpful. Its remission rate is significantly higher than that of steroids, in addition to having a higher responder rate. Paresthesias, tremor, hypertension, nausea, vomiting, headaches, seizures, and nephrotoxicity are among the serious possible side effects of cyclosporin. Cyclosporin raises the risk of opportunistic infections such Pneumocystis carinii when used with steroids and immunomodulators (Fishman, 1998).

10.1 VITAMIN-E: 
It has also been discovered that certain IBD patients have low vitamin E levels. Low amounts were only identified during active disease, which may be related to the elevated oxidative stress seen during inflammation, according to one study (D’Odorico et al., 2001).

10.2 CAROTENOIDS AND VITAMIN A
Retinol and carotenoids are crucial for improving the gut's mucosal integrity. IBD is associated with low levels of retinol binding protein (RBP), which causes a subsequent drop in serum retinol levels. Reductions in RBP could be brought about by excessive protein loss from IBD-related diarrhea. Serum retinol and RBP levels were lowest in patients with the most active illness. A zinc shortage may have a detrimental effect on vitamin A metabolism and produce hypovitaminosis A since zinc is necessary for the production of RBP. Patients with severe UC also had lower rates of retinol absorption, whereas those with mild-to-moderate disease did not (Ghishan and Kiela, 2017).
10.3 VITAMIN-C
The genesis of the inflammatory process and the part oxidative stress plays in intestinal tissue damage have been the main topics of research on IBD. Reduced and total ascorbic acid mucosal concentrations were assessed in an Australian investigation that looked at colonic samples from IBD patients. Mucosal total ascorbic acid content dropped by 73% and lowered ascorbic acid content by 41% in UC patients. Dehydroascorbic acid enzymatic reduction dramatically dropped in UC patients' inflamed mucosa, suggesting that inflamed mucosa is less able to sustain lower ascorbic acid concentrations. Researchers hypothesized that oxidative stress brought on by inflammatory cells significantly reduced antioxidant buffering ability, delaying tissue healing (Buffinton and Doe, 1995).

10.4 VITAMIN - K
 It has also been demonstrated that vitamin K insufficiency, which can cause aberrant prothrombin, is linked to inflammatory bowel illness (Lai et al., 2022). As a result, a very sensitive antigen assay was created to diagnose vitamin K insufficiency using this prothrombin anomaly. Thirty-one percent (18 patients) of the 58 patients with chronic GI illness or resection showed signs of vitamin K insufficiency. Every patient had either conventionally treated ileal CD or UC. When vitamin K was administered, abnormal prothrombin levels returned to normal. Patients with vitamin K deficiency also showed noticeably reduced amounts of vitamin E in their plasma (Buchman, 1999; Krasinski et al., 1985).

10.5 FOLIC ACID
Reduced dietary intake, red cell hemolysis from long-term medication therapy, chronic diarrhea, and sulfasalazine therapy that interferes with folate absorption are some of the factors that may affect the folic acid status of ulcerative colitis patients. Poor intestinal transport and absorption causes intestinal mucosal cells to change structurally, which encourages more malabsorption and cell transformation (Carruthers, 1946; Lashner, 1993).

10.6 IRON  

Because of persistent GI bleeding, iron deficiency and the ensuing anemia are common in UC (Mahadea et al., 2021). Serum ferritin is the most reliable indicator of iron status in UC patients; readings below 18 ng/mL are strongly suggestive of iron insufficiency. Plasma iron levels were considerably lower in 24 UC patients than in controls, especially in those with moderately severe UC (Sturniolo et al., 1993).

10.7 MAGNESIUM 
Patients with ulcerative colitis (UC) frequently have magnesium insufficiency; however, it is unclear if this is due to intestinal loss and malabsorption or if reduced intake is the cause. High magnesium consumption was found to lower the incidence of inflammatory bowel disease in a dietary history study of 54 UC patients, indicating a link between poor pre-illness dietary intakes and the later development of UC (Reif et al., 1997). Serum magnesium concentrations in 46 newly diagnosed UC patients were considerably lower than in controls, according to another study, indicating a potential etiological role for magnesium deficiency. Intracellular magnesium concentrations are often low in UC patients, despite occasionally acceptable blood magnesium levels (Geerling et al., 2000).

10.8 SELENIUM
Similar to magnesium, newly diagnosed UC patients had considerably (p<0.05) lower serum and plasma selenium levels than controls (Geerling et al., 2000; Khazdouz et al., 2023). Men had significantly lower serum selenium than controls, according to another study evaluating mineral status in IBD patients. Low selenium levels also raised the chance of developing UC after controlling for age and sex, suggesting a deficiency as a possible etiological factor. Selenium's potential function in preventing colorectal cancer emphasizes its significance in UC (Ringstad et al., 1993).  

10.9 DIETARY FIBER
 People with UC may benefit therapeutically from fiber. Low-fiber diets have been linked to a higher incidence of UC, indicating that a high-fiber diet may prevent illness or recurrence (Leo et al., 1989; Ferenc et al., 2022). Refined carbohydrates, which are often high in low-fiber diets, are believed to cause muscular spasm, which raises intestinal lumen pressure and accelerates the illness process (Grimes, 1976). This implies that UC patients might benefit more from a high-fiber diet made up of complex carbohydrates as opposed to refined ones. However, it may be necessary to reduce the quantity and kind of fiber during times of disease exacerbation until the overt inflammation goes away. Diets rich in fiber may also improve the composition of the gut flora by producing more butyrate (Salyers et al., 1985).

10.10 PROBIOTICS  

As was previously mentioned, the pathophysiology of UC is thought to involve an aberrant host immune response to specific intestinal microbiota. Additionally, compared to UC patients in remission, those with active disease often have lower levels of facultative organisms and micro-aerobes as well as obligate anaerobes such Bifidobacteria, Eubacteria, and Clostridia (Hartley et al., 1992). As a result, studies have looked at how probiotic supplementation affects UC patients. Lactobacilli, streptococci, bifidobacteria, and several E. coli subspecies are examples of probiotic bacteria. Because probiotics produce lactic acid, which lowers luminal content pH and prevents the growth of harmful or putrefactive bacteria, they may be useful in UC (Harzallah and Belhadj, 2013).

10.11 LACTOFERRIN
Lactoferrin is a naturally occurring iron-binding protein that is a component of the immune system and found in milk, particularly colostrum. Although it is not a typical primary treatment, it has been investigated as a supportive therapy for ulcerative colitis (Ashraf et al., 2024). Several characteristics of lactoferrin may be beneficial for ulcerative colitis: Gut inflammation may be lessened by anti-inflammatory drugs. Antimicrobial medication aids in the management of dangerous germs in the digestive tract. immunological response balance may be achieved through immunological regulation. 
Figure 3.
[image: image2.png]Main Actions of Lactoferrin in Intestinal Health

N Increase intestinal maturation  Intestinal barrier function
Iron absorption e

| HAARARARARE

|

LACTOFERRIN

h
e
&

—
)
Anti bacterial action

Gut microbes
Anti-inflammatory action





Conclusion: Transdermal nicotine, hormones like melatonin and DHEA, probiotics, omega-3 fatty acids, dietary changes, particular fiber, flavonoids, and anti-inflammatory botanicals are promising treatments that could be taken into consideration as supplements to conventional treatment or as part of an all-encompassing natural approach to UC. 
COMPETING INTERESTS DISCLAIMER:

Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
Reference:

Ashraf, M. F., Zubair, D., Bashir, M. N., Alagawany, M., Ahmed, S., Shah, Q. A., ... & Arain, M. A. (2024). Nutraceutical and health-promoting potential of lactoferrin, an iron-binding protein in human and animal: current knowledge. Biological Trace Element Research, 202(1), 56-72.

Bastida, G., & Beltrán, B. (2011). Ulcerative colitis in smokers, non-smokers and ex-smokers. World journal of gastroenterology, 17(22), 2740.  

Blumberg, R. S., & Strober, W. (2001). Prospects for research in inflammatory bowel disease. Jama, 285(5), 643-647.

Buchman, A. L. (1999). Bones and Crohn's: problems and solutions. Inflammatory Bowel Diseases, 5(3), 212-227.

Buffinton, G. D., & Doe, W. F. (1995). Altered ascorbic acid status in the mucosa from inflammatory bowel disease patients. Free radical research, 22(2), 131-143.

Carruthers, L. B. (1946). Chronic Diarrhoea treated with Folie Acid.

Chapple, I. L. C. (1997). Reactive oxygen species and antioxidants in inflammatory diseases. Journal of clinical periodontology, 24(5), 287-296.

Cipolla, G., Crema, F., Sacco, S., Moro, E., De Ponti, F., & Frigo, G. (2002). Nonsteroidal anti-inflammatory drugs and inflammatory bowel disease: current perspectives. Pharmacological research, 46(1), 1-6.

Cohavy, O., Bruckner, D., Gordon, L. K., Misra, R., Wei, B., Eggena, M. E., ... & Braun, J. (2000). Colonic bacteria express an ulcerative colitis pANCA-related protein epitope. Infection and immunity, 68(3), 1542-1548.

Corrao, G., Tragnone, A., Caprilli, R., Trallori, G., Papi, C., Andreoi, A., ... & Cooperative Investigators of the Italian Group for the Study of the Colon and the Rectum (GISC). (1998). Risk of inflammatory bowel disease attributable to smoking, oral contraception and breastfeeding in Italy: a nationwide case-control study. International journal of epidemiology, 27(3), 397-404.

D'Odorico, S. Bortolan, R. Cardin, R. D'Inca', D. Martines, A. Ferronato, GC Sturniolo, A. (2001). Reduced plasma antioxidant concentrations and increased oxidative DNA damage in inflammatory bowel disease. Scandinavian journal of gastroenterology, 36(12), 1289-1294.

Das, K. M., Dubin, R., & Nagai, T. (1978). Isolation and characterization of colonic tissue-bound antibodies from patients with idiopathic ulcerative colitis. Proceedings of the National Academy of Sciences, 75(9), 4528-4532.

Dohi, T., Fujihashi, K., Kiyono, H., Elson, C. O., & McGhee, J. R. (2000). Mice deficient in Th1-and Th2-type cytokines develop distinct forms of hapten-induced colitis. Gastroenterology, 119(3), 724-733.

Engelhardt, K. R., & Grimbacher, B. (2014). IL-10 in humans: lessons from the gut, IL-10/IL-10 receptor deficiencies, and IL-10 polymorphisms. Interleukin-10 in Health and Disease, 1-18.

Ferenc, K., Jarmakiewicz-Czaja, S., & Filip, R. (2022). Components of the fiber diet in the prevention and treatment of IBD—an update. Nutrients, 15(1), 162.

Fishman, J. A. (1998). Prevention of infection due to Pneumocystis carinii. Antimicrobial agents and chemotherapy, 42(5), 995-1004.

Franke, A., Balschun, T., Karlsen, T. H., Sventoraityte, J., Nikolaus, S., Mayr, G., ... & Schreiber, S. (2008). Sequence variants in IL10, ARPC2 and multiple other loci contribute to ulcerative colitis susceptibility. Nature genetics, 40(11), 1319-1323.

Geerling, B. J., Badart-Smook, A., Stockbrügger, R. W., & Brummer, R. J. (2000). Comprehensive nutritional status in recently diagnosed patients with inflammatory bowel disease compared with population controls. European journal of clinical nutrition, 54(6),

Ghishan, F. K., & Kiela, P. R. (2017). Vitamins and minerals in IBD. Gastroenterology Clinics of North America, 46(4), 797.

Grimes, D. (1976). Refined carbohydrate, smooth-muscle spasm and disease of the colon. The Lancet, 307(7956), 395-397.

Gros, B., & Kaplan, G. G. (2023). Ulcerative colitis in adults: a review. Jama, 330(10), 951-965.

Guslandi, M., & Tittobello, A. (1998). Outcome of ulcerative colitis after treatment with transdermal nicotine. European journal of gastroenterology & hepatology, 10(6), 513-516.

Hartley, M. G., Hudson, M. J., Swarbrick, E. T., Hill, M. J., Gent, A. E., Hellier, M. D., & Grace, R. H. (1992). The rectal mucosa-associated microflora in patients with ulcerative colitis. Journal of medical microbiology, 36(2), 96-103.

Harzallah, D., & Belhadj, H. (2013). Lactic acid bacteria as probiotics: characteristics, selection criteria and role in immunomodulation of human GI muccosal barrier. In Lactic acid bacteria-R & D for food, health and livestock purposes, IntechOpen.

Iyer, S. S., & Cheng, G. (2012). Role of interleukin 10 transcriptional regulation in inflammation and autoimmune disease. Critical Reviews™ in Immunology, 32(1).

Jani, N., & Regueiro, M. D. (2002). Medical therapy for ulcerative colitis. Gastroenterology Clinics, 31(1), 147-166.

Jena, G., Trivedi, P. P., & Sandala, B. (2012). Oxidative stress in ulcerative colitis: an old concept but a new concern. Free radical research, 46(11), 1339-1345.

Jostins, L., Ripke, S., Weersma, R. K., Duerr, R. H., McGovern, D. P., Hui, K. Y., ... & Cho, J. H. (2012). Host–microbe interactions have shaped the genetic architecture of inflammatory bowel disease. Nature, 491(7422), 119-124.

Kett, K., Rognum, T. O., & Brandtzaeg, P. (1987). Mucosal subclass distribution of immunoglobulin G-producing cells is different in ulcerative colitis and Crohn's disease of the colon. Gastroenterology, 93(5), 919-924.

Khazdouz, M., Daryani, N. E., Cheraghpour, M., Alborzi, F., Hasani, M., Ghavami, S. B., & Shidfar, F. (2023). The effect of selenium supplementation on disease activity and immune-inflammatory biomarkers in patients with mild-to-moderate ulcerative colitis: a randomized, double-blind, placebo-controlled clinical trial. European Journal of Nutrition, 62(8), 3125-3134.

Krasinski, S. D., Russell, R. M., Furie, B. C., Kruger, S. F., Jacques, P. F., & Furie, B. (1985). The prevalence of vitamin K deficiency in chronic gastrointestinal disorders. The American journal of clinical nutrition, 41(3), 639-643.

Kurina, L. M., Goldacre, M. J., Yeates, D., & Gill, L. E. (2001). Depression and anxiety in people with inflammatory bowel disease. Journal of Epidemiology & Community Health, 55(10), 716-720.

Kurina, L. M., Goldacre, M. J., Yeates, D., & Seagroatt, V. (2002). Appendicectomy, tonsillectomy, and inflammatory bowel disease: a case-control record linkage study. Journal of Epidemiology & Community Health, 56(7), 551-554.

Lai, Y., Masatoshi, H., Ma, Y., Guo, Y., & Zhang, B. (2022). Role of vitamin K in intestinal health. Frontiers in immunology, 12, 791565.

Lashner, B. A. (1993). Red blood cell folate is associated with the development of dysplasia and cancer in ulcerative colitis. Journal of cancer research and clinical oncology, 119(9), 549-554.

Leo, S., Leandro, G., Di Matteo, G., Caruso, M. L., & Lorusso, D. (1989). Ulcerative colitis in remission: is it possible to predict the risk of relapse?. Digestion, 44(4), 217-221.

Lih-Brody, L., Powell, S. R., Collier, K. P., Reddy, G. M., Cerchia, R., Kahn, E., ... & Mullin, G. E. (1996). Increased oxidative stress and decreased antioxidant defenses in mucosa of inflammatory bowel disease. Digestive diseases and sciences, 41(10), 2078-2086.

Lunney, P. C., & Leong, R. W. L. (2012). Ulcerative colitis, smoking and nicotine therapy. Alimentary pharmacology & therapeutics, 36(11-12), 997-1008. 

Macdonald, T. T., & Murch, S. H. (1994). Aetiology and pathogenesis of chronic inflammatory bowel disease. Baillière's clinical gastroenterology, 8(1), 1-34.

Mahadea, D., Adamczewska, E., Ratajczak, A. E., Rychter, A. M., Zawada, A., Eder, P., ... & Krela-Kaźmierczak, I. (2021). Iron deficiency anemia in inflammatory bowel diseases—a narrative review. Nutrients, 13(11), 4008.

Marlow, G. J., van Gent, D., & Ferguson, L. R. (2013). Why interleukin-10 supplementation does not work in Crohn’s disease patients. World journal of gastroenterology, 19(25), 3931.

Masoodi, I., Tijjani, B. M., Wani, H., Hassan, N. S., Khan, A. B., & Hussain, S. (2011). Biomarkers in the management of ulcerative colitis: a brief review. German Medical Science, 9, Doc03.

Mendizabal, M., Blonski, W., Kotlyar, D., & Lichtenstein, G. R. (2024). Antibiotic use in the treatment of Crohn's disease. In Crohn's Disease (pp. 119-133). CRC Press.

Mitchell, S. A., Thyssen, M., Orchard, T. R., Jewell, D. P., Fleming, K. A., & Chapman, R. W. (2002). Cigarette smoking, appendectomy, and tonsillectomy as risk factors for the development of primary sclerosing cholangitis: a case control study. Gut, 51(4), 567-573.

Park, J., & Cheon, J. H. (2022). Updates on conventional therapies for inflammatory bowel diseases: 5-aminosalicylates, corticosteroids, immunomodulators, and anti-TNF-α. The Korean journal of internal medicine, 37(5), 895.

Pullan, R. D., Rhodes, J., Ganesh, S., Mani, V., Morris, J. S., Williams, G. T., ... & Sawe, U. (1994). Transdermal nicotine for active ulcerative colitis. New England Journal of Medicine, 330(12), 811-815.

Rajapakse, R. (2023). Crohn’s Disease and Ulcerative Colitis (pp. 65-69). Springer International Publishing.

Reif, S., Klein, I., Lubin, F., Farbstein, M., Hallak, A., & Gilat, T. (1997). Pre-illness dietary factors in inflammatory bowel disease. Gut, 40(6), 754-760.

Rigas, A., Rigas, B., Glassman, M., Yen, Y. Y., Lan, S. J., Petridou, E., ... & Trichopoulos, D. (1993). Breast-feeding and maternal smoking in the etiology of Crohn's disease and ulcerative colitis in childhood. Annals of epidemiology, 3(4), 387-392.

Ringstad, J., Kildebo, S., & Thomassen, Y. (1993). Serum selenium, copper, and zinc concentrations in Crohn's disease and ulcerative colitis. Scandinavian journal of gastroenterology, 28(7), 605-608.

Rosenberg, I. H., Bengoa, J. M., & Sitrin, M. D. (1985). Nutritional aspects of inflammatory bowel disease. Annual review of nutrition, 5(1), 463-484.

Rutgeerts, P., & Geboes, K. (2001). Understanding inflammatory bowel disease—the clinician's perspective. European Journal of Surgery, 167(Supplement_8), 66-72.

Salyers, A. A., Kuritza, A. P., & McCarthy, R. E. (1985). Influence of dietary fiber on the intestinal environment. Proceedings of the Society for Experimental Biology and Medicine, 180(3), 415-421.

Sanchez-Muñoz, F., Dominguez-Lopez, A., & Yamamoto-Furusho, J. K. (2008). Role of cytokines in inflammatory bowel disease. World journal of gastroenterology,14(27), 4280.

Santos, A. L., Coelho, R., Silva, M., Rios, E., & Macedo, G. (2019). Infectious proctitis: a necessary differential diagnosis in ulcerative colitis. International Journal of Colorectal Disease, 34(2), 359-362.

Saraiva, M., & O'garra, A. (2010). The regulation of IL-10 production by immune cells. Nature reviews immunology, 10(3), 170-181.

Sturniolo, G. C., Tuccari, G., & D’Inca, R. (1993). Mucosal iron concentration and immunohistochemical evidence of iron-binding proteins in long-standing ulcerative colitis. Intal J Gastroenterol, 25, A68.

Taffet, S. L., & Das, K. M. (1983). Sulfasalazine: adverse effects and desensitization. Digestive diseases and sciences, 28(9), 833-842.

Tatiya-Aphiradee, N., Chatuphonprasert, W., & Jarukamjorn, K. (2018). Immune response and inflammatory pathway of ulcerative colitis. Journal of basic and clinical physiology and pharmacology, 30(1), 1-10. 

Thomas, G. A., Rhodes, J., Mani, V., Williams, G. T., Newcombe, R. G., Russell, M. A., & Feyerabend, C. (1995). Transdermal nicotine as maintenance therapy for ulcerative colitis. New England Journal of Medicine, 332(15), 988-992.

Thornton, J. R., Emmett, P. M., & Heaton, K. W. (1985). Smoking, sugar, and inflammatory bowel disease. British Medical Journal (Clinical research ed.), 290(6484), 1786.

Wahl, C., Liptay, S., Adler, G., & Schmid, R. M. (1998). Sulfasalazine: a potent and specific inhibitor of nuclear factor kappa B. The Journal of clinical investigation, 101(5), 1163-1174.

Yangyang, R. Y., & Rodriguez, J. R. (2017, December). Clinical presentation of Crohn’s, ulcerative colitis, and indeterminate colitis: Symptoms, extraintestinal manifestations, and disease phenotypes. In Seminars in pediatric surgery (Vol. 26, No. 6, pp. 349-355). WB Saunders.

Zigmond, E., Bernshtein, B., Friedlander, G., Walker, C. R., Yona, S., Kim, K. W., ... & Jung, S. (2014). Macrophage-restricted interleukin-10 receptor deficiency, but not IL-10 deficiency, causes severe spontaneous colitis. Immunity, 40(5), 720-733. 

