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Abstract: Inflammatory bowel disease (IBD) was once labelled a 'White man’s disease' due to its ties to industrialized 

lifestyles, where prolonged exposure to environmental triggers can lead to this debilitating condition over time. From being 

the disease of developed countries, now it is entwined to developing countries; the only reason behind it is the changes in 

lifestyle. Treatment options for IBD include 5ASA, TNF alpha inhibitors, cytokine inhibitors, monoclonal antibodies and 

others. While all these drugs are effective in induction and maintenance phase, no drugs are effective in treating and 

preventing IBD. Fecal microbiota transplant, probiotics and diet administrations with stem cells have recently developed 

in treating the disease. There is limited diagnosis available to treat IBD, forcing us to explore new possibilities and 

approaches to manage and subside IBD along with measures and treatments that prevent the disease from relapsing and 

recurring. Therefore, here in this review, we have attempted on describing what IBD is, its complications and current 

treatments available and finally emphasized on the novel biomarkers available or to be in developing stages along with 

other treatment options available for mitigating the disease including measures that may help prevent IBD from occurring. 

Keywords: GCSF: Granulocyte colony stimulating factor, UC: Ulcerative Colitis, CD: Crohn’s Disease, TFF: Trefoil 

factor, HMGB1: High Mobility Group Box 1 Protein. 

 

INTRODUCTION 
The gastrointestinal part consists of mouth, 

esophagus, stomach and the intestines. These need to 

function properly to absorb the food and nutrients which 

can be ascribed for survival [1]. One such part of GI tract 

is the bowel system consisting of the small intestine and 

the large intestine. When this part of the GI tract is 

inflamed, it is called Inflammatory Bowel Disease 

(IBD). It is characterized by 2 diseases: Crohn’s Disease 

(CD) and the Ulcerative Colitis (UD). Ulcerative Colitis 

is confined to the large intestine whereas, Crohn’s 

disease can affect any part of GI tract from mouth to 

anus, usually it starts at the base of the stomach and runs 

down to large intestine [2]. Epidemiology of IBD 

(presented in table no.1) which was restricted to western 

countries before and known as white people’s disease, 

now has emerged into Asian countries especially India 

witnessing a greater number of IBD cases. A lack of good 

epidemiological studies may have restricted the astute 

information about the incidence of IBD in India. 

 

Table 1: Survey conducted in India from past 50 

years is mentioned below showcasing the incidence 

of IBD with other Asian countries: 

Location IBD UC CD 

Hong Kong 2.62 1.25 1.30 

Indonesia 0.83 0.27 0.56 

Malaysia 1.01 0.18 0.71 

Singapore 0.97 0.39 0.51 

India ___ 6.02  

 

Despite being a worldwide health issue, 

Western nations continue to have the highest prevalence. 

Nonetheless, there has been a noticeable increase in 

instances in recently industrialized areas of South 

America, Africa, the Middle East, and Asia. IBD's 

precise cause and underlying mechanisms are yet 
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unknown (Mc Dowell et al.,). More than 200 genes 

linked to IBD susceptibility have been found by genome-

wide association studies; some of these genes are 

involved in the host's immunological response to gut 

microbiota [3]. 

 

Risk Factors for IBD 

Once dubbed a “white man’s disease,” IBD now 

affects developing nations too: its incidence in 

industrialized countries has plateaued, while India and 

China are seeing rises linked to urbanization and 

economic growth. Chronic GI inflammation reflects a 

misdirected immune attack shaped by environmental 

exposures [4], Westernized lifestyles, disrupted 

circadian rhythms [5], genetic predisposition and 

immune dysfunction. Smoking increases Crohn’s risk 

but quitting may lower UC risk, although Indian studies 

find no clear smoking–IBD link; conversely, a vegetarian 

diet appears protective against UC, suggesting that shifts 

toward processed foods drive its emergence in emerging 

economies. Urbanization itself is no longer deemed a risk 

factor. Globally, UC is strongly associated with gut-

microbiota disturbances—from antibiotics, dietary 

additives and psychiatric comorbidities (Table 2)—with 

the gut–brain axis further influencing disease 

progression. Notably, appendectomy seems protective if 

performed before UC onset but may worsen its course 

when done afterward [6]. 

 

Table 2: Factors affecting IBD 

Factors Western countries Developing nations 

Diet Processed food (increased risk) Transitioning to processed (increased risk) 

Smoking Decreased Colitis but increased Crohn’s No significant link (India) 

Protective factors Limited Vegetarian diet (decreased UC) 

 

Genetic Factors 

While external factors are thought to influence 

the chance of getting UC, genetics have also been linked 

to the condition. Children of the individuals are more 

likely to develop UC, which could be due to genetic or 

environmental factors, or both. 

 

Table 3: Cytokines involved in IBD 

Disease Immune Response Cytokines 

CD Th 1 and Th 17 IL-1, IL-2, IL17A, IL-17F, IL-18, IL-21, IL-22, IL26 

UC Th 1 and modified Th 2 IL-5, IL-9, IL-13, 1L-17 

Both CD and UC Th 1 and Th 2 IL-6, TNF-α 

 

The majority of the molecular differences 

between UC and CD includes human leukocyte antigen 

(HLA) Class II genes, as well as genes related to pattern 

recognition [e.g., nucleotide-binding oligomerisation 

domains (NODs) [7]. 

 

 
Fig. 1: Risk factors of IBD [7] 
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Pathophysiology of Ulcerative Colitis 

Understanding ulcerative colitis (UC) requires 

knowledge of the colonic mucosa, which is lined by a 

single-layer columnar epithelium vital for homeostasis, 

immune defense, and microbial interaction. Lieberkühn 

crypts in the mucosa are home to intestinal stem cells that 

promote fast epithelial regeneration. Enterocytes 

(absorptive), goblet cells (secreting mucus), Paneth cells, 

and neuroendocrine cells are examples of specialised 

epithelial cells. While most cells absorb nutrients, crypt 

cells secrete them. Colonocytes help absorb electrolytes, 

whereas goblet cells (~10%) release mucin and 

immunological mediators (trefoil peptides, RELMβ, 

FCGBP) to protect against germs. Goblet cells are more 

abundant in the colon due to its microbial load. 

Enteroendocrine cells secrete vasoactive intestinal 

peptide (VIP), which maintains barrier integrity; its 

dysregulation is linked to colitis susceptibility. 

 

Dysfunction of these epithelial cells disrupts 

homeostasis, contributing to UC. Histologically, UC 

shows crypt shortening and reduced branching. Immune 

cells in the lamina propria, including macrophages, 

dendritic cells, plasma cells, and lymphocytes, contribute 

to the pathogenesis of UC together with genetic 

predisposition [8]. To achieve remission, therapy seeks 

to restore barrier function by targeting epithelial or 

immune cells in the lamina propria, respectively. 

 

 
Fig. 2: Pathophysiology of IBD [8] 

 

Gut Microbiome 

Gut microbiome or gut flora or microbiota are 

the collection of microorganisms which are present in the 

digestive tract of animals. Their number outnumbers by 

a factor of 10 and their genes outnumber by a factor of 

100. 

 

Gut microbiota–derived SCFAs modulate host 

metabolic activity, nutrient uptake, and energy 

harvesting [9, 10]. These metabolites have been linked to 

obesity9 and type 2 diabetes [11]. Both obese adults and 

children exhibit elevated fecal butyrate and propionate 

levels compared with lean individuals [12, 13], and shifts 
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in SCFA concentrations and proportions parallel changes 

in bacterial phyla [12, 13]. 

 

 
Fig. 3: Gut microbiome in IBD [12, 13] 

 

More than 99% of intestinal bacteria belong to 

4 primary phyla: Proteobacteria, Firmicutes, 

Bacteroidetes and Actinobacteria. Among these, 

Bacteroidetes and Firmicutes are the most predominant 

in a healthy gut microbiome. The gut microbiota in 

healthy people—whose composition and abundance 

fluctuate spatially along the gastrointestinal system (Fig. 

4)—supports pathogen defence, food digestion, 

metabolism, and immunological function through 

dynamic, symbiotic interactions. Dysbiosis, or alteration 

of this community's composition and function, is 

common in IBD and IBS, but its exact role—whether it 

triggers immune activation and inflammation or derives 

from it—is unknown. While the microbiota is normally 

stable over time, it can be affected by diet, environment, 

infections, lifestyle, and drugs; in IBD, such dysbiosis 

affects host immunological and metabolic processes as 

they strive to re-establish equilibrium. 

 

 
Fig. 4: Percentage of microbial species present in IBD [14] 

 

Missing clinical metadata and insufficient 

taxonomic precision of 16S rRNA amplicon sequencing 

hinder mechanistic insights into IBD-associated 

microbiome changes. This restricts analysis to family or 

genus level and fails to capture interindividual 

variability. Moreover, 16S ASVs lack functional 

information essential for understanding host–microbe 

interactions. Integrating higher‐resolution 

metagenomics, metatranscriptomics, and metabolomics 

with comprehensive host metadata—such as clinical 
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progression, medication use, mucosal gene expression, 

histology, and immunological markers—provides a 

much richer, systems‐level perspective into both health 

and disease states [14]. 

 

Interactions between microbial composition, 

immunological modulation, and environmental factors 

are all part of the intensee relationship between the gut 

microbiome and the development of IBD. IBD is caused 

by a confluence of microbial imbalances, environmental 

triggers, and genetic predispositions. Each of these 

factors has a role in the development and progression of 

the disease. The gut microbe dysbiosis, is a key feature 

of IBD. Reduced microbial diversity is often observed in 

IBD patients, as evidenced by an increase in potentially 

harmful bacteria, especially those belonging to the 

Proteobacteria phylum, and a decrease in helpful 

bacteria, such as Firmicutes. It is still unknown, though, 

if dysbiosis results from the illness or if it causes 

immunological activation and inflammation. 

 

 
Fig. 5: Different triggers of IBD 

 

The gut microbiota regulates immune responses 

and maintains intestinal health. Microbial metabolites, 

such as short-chain fatty acids (SCFAs), secondary bile 

acids, and amino acid catabolites, help maintain the 

intestinal barrier. For example, butyrate, a SCFA 

generated by Firmicutes, improves intestinal barrier 

integrity and has anti-inflammatory characteristics. A 

decline in butyrate-producing bacteria in IBD patients 

causes increased intestinal permeability and chronic 

inflammation. Similarly, changes in bile acid metabolism 

and amino acid-derived substances might impair 

immunological signalling, resulting in excessive 

inflammation. Several host variables influence gut 

microbiota composition and function. Genetic variations 

in genes involved in microbial detection, immunological 

regulation, and gut barrier maintenance can increase 

vulnerability to IBD. 

 

Prebiotics And Its Effect on Gut Microbiota 

Prebiotics; non-digestible food substances that 

regulate the gut microbiota by selectively increasing the 

growth and activity of helpful bacteria like 

Bifidobacterium and Lactobacillus spp. These bacteria 

support gut homeostasis by producing SCFA’s such as 

acetate, propionate and butyrate that aid in gut barrier 

integrity and inflammatory regulation. Prebiotics can 

improve IBD by increasing the number of 

Faecalibacterium prausnitzii, a major butyrate 

generator, and decreasing pro-inflammatory cytokines 

such as TNF-α and IL-1α. Oligofructose-enriched inulin 

(OF-IN) has been shown to modify gut microbiota 

composition, benefiting patients with CD and UC. 

Prebiotics also influence metabolic health by altering the 

Firmicutes/Bacteroidetes ratio, which is frequently 

dysregulated in hyperlipidemia and metabolic syndrome, 

as well as by controlling appetite hormones such as 

ghrelin and leptin, all of which contribute to enhanced 

metabolic function. Beyond gut health, prebiotics have 

been linked to cognitive benefits, decreased anxiety and 

depression, and improved immunological responses, 

making them potential therapeutic agents for a variety of 

health issues [2]. 
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Fig. 6: Probiotics in gut microbiome 

 

Probiotics 

Probiotics are "live microorganisms that, when 

administered in adequate amounts, confer a health 

benefit on the host" as described by International 

Scientific Association for Prebiotics and Probiotics. 

Current definitions state that probiotics have to survive 

in alimentary canal where they exert their benefits [15]. 

These microorganisms, predominantly bacteria but also 

yeasts, occur naturally in fermented foods, can be added 

to other foods, and are available as nutritious 

supplements. However, not all probiotic-labeled foods 

and nutritional supplements on the market have been 

demonstrated to improve health. Probiotics should not be 

confused with prebiotics, which are complex 

carbohydrates (like pectin and other galacto-

oligosaccharides) that microorganisms in the 

gastrointestinal system need for metabolic fuel. 

Synbiotics contain both probiotic microbes and prebiotic 

carbohydrates. 

To understand the possible impact of probiotics 

on health, first we need to understand the functions of the 

normal gut microbiome (commensal microbiota). The 

human GI contains approximately 500 bacterial species 

and lesser-known virome. These bacteria act as virtual 

bioreactor that aids digestion, nutrition, and immune 

system development. Our intestinal bacteria can weigh 

up to 1kilogram, and bacterial cells outnumber human 

cells ten times more than the intestinal bacteria8. The 

bacterial genome may outnumber the human genome by 

a hundred to one. These bacteria produce a variety of 

nutritional elements, including B complex vitamins, K 

vitamin, folate, and short chain fatty acids. Bacterial 

fermentation byproducts can satisfy up to 10% of an 

individual's daily energy needs [16]. 

 

Biomarkers in Ulcerative Colitis 

 

 
Fig. 7: Biomarkers in Ulcerative colitis 

 

For UC, there isn't yet a single "gold standard" 

diagnostic test. Rather, a mix of parameters including 

histopathology are used to make the diagnosis [17]. 

Unfortunately, diagnostic uncertainty can occasionally 

arise from tests performed by skilled medical 

professionals [18-20]. 

 

Trefoil Factor 3: 

The intestinal mucosa's goblet cells secrete a 

series of three mucin-associated peptides known as 

trefoil factors [21]. They are increased at the site of 

mucosal injury and are crucial for preserving the 

integrity of mucosal barrier [22, 23]. The gastrointestinal 

mucosa is shielded against various assaults by TFF3 

[24], often referred to as intestinal trefoil factor, which is 

mostly released by goblet cells in the small and large 

intestine [21]. 

 

When administered exogenously after enteral or 

parenteral administration, TFFs have been demonstrated 
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in vivo to have protective and healing properties. This 

research raises the possibility that TFFs could help treat 

IBD. Here, mouse colitis models have proven helpful in 

investigating the connection between intestinal damage 

and TFF expression, and consequently, the function of 

exogenously supplied TFFs in epithelial repair in cases 

of mucosal injury. Following oral injection of dextran 

sulphate sodium (DSS), a chemical that produces mild 

epithelial injury in wild-type mice, Mashimo et al., [25], 

demonstrated that mice lacking TFF3 had poor 

epithelium regeneration following injury and impeded 

mucosal healing. These mice perished from severe 

colitis. After radiation and chemotherapy-induced 

damage, the same thing was observed26. Furthermore, 

TFF3-knockout mice subjected to radiation-induced 

damage and DSS were able to regain their ability to 

repair after receiving luminal therapy with recombinant 

TFF3 (rTFF3) [25, 26]. 

 

Surprisingly, TFF3 and CRP levels in UC 

patients correlate well. When combined, they have a 

predictability of complete MH that is comparable to FC. 

This allows UC patients to forego stool collection and 

can be monitored solely with blood testing [27]. 

 

Leucine-Rich Alpha-2 Glycoprotein 

Leucine-rich alpha-2 glycoprotein (LRG) is a 

new serum biomarker for a number of illnesses that was 

discovered in rheumatoid arthritis patients utilising a 

proteomics technique [28]. Numerous autoimmune 

disorders have been found to have higher serum LRG 

levels, with higher levels in SLE, arthritis and IBD [28-

35]. LRG is produced in the liver and in inflammatory 

tissues, and its overexpression is linked to IL-6, IL-1β, 

TNFα, IL-22, and other proteins [36, 37]. According to 

earlier research, serum LRG levels had a stronger 

correlation with UC disease activity than CRP [30-32]. 

 

According to research with 129 UC patients, 

those with active disease had considerably higher serum 

LRG levels than those in remission. Additionally, also in 

patients with normal CRP levels, there was a strong 

correlation between LRG levels and endoscopic activity 

[31]. 

 

Hepatocytes, macrophages, neutrophils and 

epithelial lining of intestines, all express LRG. Instead of 

IL-6, which is the primary factor driving the creation of 

CRP, inflammatory cytokines such as IL-22, TNF-α, and 

IL-1β impact its induction [30,31]. Patients who 

achieved complete mucosal healing (CMH) had 

considerably lower LRG levels than patients with active 

illness when mucosal healing was measured [38]. Serial 

LRG assessments in a longitudinal follow-up showed 

variations in endoscopic status, with lower levels 

following mucosal repair and greater levels during active 

disease. Furthermore, compared to CRP, LRG 

demonstrated greater sensitivity and specificity in 

identifying mucosal healing, according to receiver 

operating characteristic (ROC) analysis [30-32]. 

All things considered, LRG is a useful 

biomarker for UC that may identify disease activity, 

direct therapy choices, and forecast therapeutic results, 

making it a crucial instrument in clinical care. 

 

HMGB1 Protein: 

High-mobility group box 1 (HMGB1), which 

originally demonstrated the ability to bind DNA, also has 

strong proinflammatory effects [39-41]. By partially 

activating the receptor for advanced glycation end 

products (RAGE), exposure to HMGB1 causes 

neutrophils or macrophages to produce more pro-

inflammatory cytokines, such as TNF-∝ and IL-1, causes 

nuclear translocation of NF-κB [42-44]. 

 

Blocking HMGB1 with certain antibodies 

increases survival and inflammation while decreasing 

pro-inflammatory cytokines in the blood. HMGB1 

affects animal models of inflammation, including 

endotoxemia, peritonitis, hepatic injury, and lung injury 

[45-48]. However, not much is understood about how 

HMGB1 contributes to colonic damage. 

 

Thirty to eighty-three percent of individuals 

with ulcerative colitis (UC) have sera that include 

perinuclear anti-neutrophil cytoplasmic antibodies (P-

ANCA), which are thought to be a diagnostic marker for 

UC and help differentiate it from CD [49]. UC patients' 

serum contains anti-HMG1/HMG2 antibodies, which 

have been shown to be substantially correlated with 

disease activity. 

 

Added to that, faecal HMGB1 exhibits a 

substantial correlation with the level of Geboes 

histological score of inflammation in UC patients who 

have both clinical and endoscopic remission [50, 51]. As 

a result, HMGB1 can be used as a non-invasive 

biomarker of mucosal repair and clinically overt 

subclinical gut inflammation, highlighting its potential 

utility in tracking disease development and assessing 

therapy efficacy [52]. In clinical practice, faecal HMGB1 

can be used to detect histological changes in persons with 

endoscopic and clinical remission, as well as to serve as 

a reliable biomarker of intestinal inflammation in both 

paediatric and adult UC patients. 

 

BAFF: 

BAFF is a member of the tumour necrosis factor 

(TNF) superfamily that has lately emerged as a potential 

drug candidate for IBD [53]. The primary function of 

BAFF, which is mostly released by myeloid cells is to 

regulate the survival of mature B cells and their 

maturation into plasma cells that make antibodies. BAFF 

is a type-II transmembrane protein of 285 amino acids 

that belongs to the TNF superfamily (TNFSF-13B). A 

furin protease can cleave surface-bound BAFF, 

producing a soluble, 17-kDa protein with 152 amino 

acids [54]. 
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Dendritic cells, macrophages, monocytes and a 

subset of T lymphocytes are among the immune cells that 

express and release BAFF [54-57]. Numerous cytokines 

like interleukin (IL)-10, GCSF, interferon-γ and Toll-like 

receptor activation can raise the production of BAFF [58, 

59]. BAFF expression promotes humoral immune 

system activation and sustains continuing 

immunological responses when triggered by pro-

inflammatory cytokines. Furthermore, non-myeloid 

radiation-resistant cells—likely stromal cells like 

osteoclasts—produce a sizable portion of the circulating 

BAFF [60]. 

 

 
Fig. 8: BAFF action [65] 

 

Data from colonic biopsies from CD and UC 

patients show that BAFF contributes to IBD 

pathogenesis due to elevated mRNA and BAFF protein 

expression levels. BAFF was primarily upregulated in 

lamina propria mononuclear cells in inflammatory areas 

of the UC mucosa [61]. Gastrointestinal macrophages 

and dendritic cells produced from monocytes have 

significant interactions with the microbial environment, 

proinflammatory tissue damage, adaptive immune 

response induction, and mucosal inflammation 

resolution [62]. While Th2 responses predominate in the 

pathobiology of UC, Th1 responses appear to be the 

primary driver of inflammation in CD [63]. However, 

other lymphocytes have also emerged as important 

contributors to the pathophysiology of IBD, including 

Th17 cells and innate lymphoid cells [64]. 

 

Fecal Calprotectin: 

Calprotectin is an alarmin, an antibacterial 

agent, and a dimer of the proteins S100A8 and S100A9 

that chelates iron and zinc [66]. When inflammation 

starts, the colon releases this protein, which is among the 

most prevalent in neutrophils. Calprotectin is a handy, 

non-invasive biomarker with a higher diagnostic value 

than the faecal immunochemical test due to its high 

stability in faeces [67, 68]. According to an IBD study, 

calprotectin levels were considerably higher in faeces of 

IBD patients, and the degree of elevation was positively 

connected with the disease's severity [69]. 

 

 
Fig. 9: Calprotectin involvement in IBD and Pathophysiology [70] 
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Calprotectin reduces intestinal inflammation by 

inducing the release of anti-inflammatory mediators 

when the intestinal tract becomes infected or inflamed 

[71]. This anti-inflammatory impact is important for 

maintaining the intestinal barrier's structural integrity 

and avoiding inflammation-induced barrier degradation. 

Current Therapies in Ulcerative Colitis 

According to the severity of ulcers the 

management of colitis can be classified. Mainstream 

therapy for Ulcerative Colitis: 

 

 
Fig. 10: Current therapies in UC 

 

Aminosalicylic Acid Derivatives: 

5-aminosalicylic acid is a first-line medication 

for UC that is successful in causing and sustaining 

remission [72, 73]. For proctitis, topical mesalamine is 

recommended; suppositories provide superior 

medication administration to the rectal cavity [72]. Oral 

formulations target severe colitis, while rectal 

mesalamine is advised for proctitis/left-sided colitis. 

Although several forms of mesalamine act on different 

parts of the gut, no formulation has proven to be better 

than the others. Oral plus topical medication is best for 

mild-to-moderate pancolitis or left-sided colitis, and 

combination therapy with topical steroids improves 

results [74]. 

 

TNF Antagonists: 

An inflammatory cytokine, TNF-α plays a role 

in lymphoid organ development, bone metabolism, T-B 

Lymphocytes, inflammation, apoptosis, lymphocyte 

stimulation, and immune cell activation. The most 

significant cytokine mediating intestinal tract 

inflammation is TNF-α, and IBD is associated with 

increased TNF-α expression [75]. 

 

Several modest trials have demonstrated that in 

patients who have experienced a subordinate loss of 

response to a first TNF inhibitor, switching between TNF 

inhibitors can be an effective therapy approach [76-78]. 

The findings are corroborated by the results of the 

ENEIDA Registry, which showed that while 55% of 

patients who switched to a second TNF inhibitor after 

failing or becoming intolerant to a previous TNF 

inhibitor experienced short-term remission, a percentage 

of them later experienced further loss of response[78]. 

Additionally, two systematic studies advocate for 

moving on to a second TNF inhibitor once treatment fails 

[79]. 

 

Corticosteroids: 

The finding that corticosteroids were beneficial 

in UC significantly improved a condition that had 

previously had a high death rate. The mortality rate 

decreased from 61% to 4–7% [80, 81]. 

 

 
 

In 1955, Truelove and Witts reported that 100 

mg of cortisone per day was effective in treating UC [82]. 

Left-sided UC responds well to rectal corticosteroids. 

For individuals suffering from haemorrhage and 

tenesmus, they offer prompt relief. Controlled trials have 

shown that rectal hydrocortisone 100 mg and 

prednisolone 10 mg can induce remission but not 

maintain it [83-86]. 
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Immunosuppressants: 

An immunosuppressant is a type of medication 

that inhibits or reduces the body's immunological 

response. Most of these medications are designed to 

weaken the body to fight a replaced organ, such as a 

kidney, heart, or liver [87-91]. Immunosuppressive 

medications or immunosuppressants are classified into 

four broad categories: glucocorticoids, protein drugs, 

intravenous gamma globulin, and protease inhibitors. 

Each class is then divided into subclasses [92]. 

 

6-Mercaptopurine and its prodrug Azathioprine 

are purine antimetabolites that have the ability to induce 

and maintain UC remission while sparing steroids [93]. 

Several uncontrolled research verified their 

effectiveness, despite other studies' contradictory 

findings. 

 

Azathioprine and 6-Mercaptopurine 

recommended; complete effects may take up to 17 

weeks. With lower dosages for patients with intermediate 

enzyme activity and contraindications for those without 

TPMT activity, TPMT testing aids in the determination 

of safe dosage. Pancreatitis, rash, nausea, and hepatitis 

are examples of allergic reactions (5%) and nonallergic 

consequences include anaemia, opportunistic infections, 

and bone marrow suppression. 

Calcinuerin Inhibitors: 

Calcineurin inhibitors such as cyclosporine-A 

(CyA) and tacrolimus offer non-surgical options for 

severe or refractory ulcerative colitis (UC). In a meta-

analysis of randomized trials, CyA significantly 

improved remission rates versus placebo or no treatment 

[94]. Intravenous CyA (4 mg/kg) induces remission 

within 5–7 days, but long-term efficacy is unclear and its 

use is limited by nephrotoxicity, neurotoxicity, and 

opportunistic infections—3.5% mortality from 

infections like Aspergillus and Pneumocystis pneumonia 

has been reported [95]. Tacrolimus has also shown 

promise: in a randomized trial, high-dose tacrolimus 

(10–15 ng/mL) improved clinical outcomes in 68.4% of 

patients versus 10% with placebo (p < 0.001), reduced 

steroid dependence, and achieved 20% remission; finger 

tremors were the most common side effect, with higher 

adverse events at elevated doses [96]. For UC patients 

who do not react to standard therapies, tacrolimus and 

CyA are also viable options that may avoid surgery. 

However, due of the risk of serious adverse effects, its 

use should be continuously monitored. More research is 

needed to determine the best dose regimes, long-term 

benefits, and how to integrate these medications into UC 

treatment protocols. 

 

 
 

CONCLUSION 
Inflammatory bowel disease (IBD) is now a 

global issue—including in India—driven by 

urbanization, Westernized diets, lifestyle shifts, and 

environmental stressors. It features chronic, relapsing gut 

inflammation due to immune dysregulation, genetic 

susceptibility, environmental triggers, and microbiota 

imbalance. While immunosuppressants, corticosteroids, 

aminosalicylates, and biologics can induce and maintain 

remission, they often fail to fully heal mucosa or prevent 
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relapse and carry long-term risks. Dysbiosis in IBD has 

spurred adjunctive microbial therapies (prebiotics, 

probiotics, fecal microbiota transplantation) alongside 

dietary and psychological support. Novel noninvasive 

biomarkers—fecal calprotectin, trefoil factor 3 (TFF3), 

HMGB1, BAFF, and LRG—offer promise for treatment 

guidance and earlier, personalized intervention. Optimal 

management thus integrates conventional treatments, 

advanced diagnostics, lifestyle modification, public‐
health measures, and precision medicine to improve 

outcomes. 

 

REFERENCES 
1. Ahuja, V., & Tandon, R. K. (2012). Inflammatory 

bowel disease: The Indian augury. In Indian Journal 

of Gastroenterology (Vol. 31, Issue 6, pp. 294–296). 

https://doi.org/10.1007/s12664-012-0272-3 

2. Bevilacqua, A., Campaniello, D., Speranza, B., 

Racioppo, A., Sinigaglia, M., & Corbo, M. R. 

(2024). An Update on Prebiotics and on Their 

Health Effects. In Foods (Vol. 13, Issue 3). 

Multidisciplinary Digital Publishing Institute 

(MDPI).  

3. El Hadad J, Schreiner P, Vavricka SR, Greuter T. 

The Genetics of Inflammatory Bowel Disease. Mol 

Diagn Ther. 2024 Jan;28(1):27-35. doi: 

10.1007/s40291-023-00678-7. Epub 2023 Oct 17. 

PMID: 37847439; PMCID: PMC10787003. 

4. Li, S., Zhuge, A., Chen, H., Han, S., Shen, J., Wang, 

K., Xia, J., Xia, H., Jiang, S., Wu, Y., & Li, L. 

(2024). Sedanolide alleviates DSS-induced colitis 

by modulating the intestinal FXR-SMPD3 pathway 

in mice. Journal of Advanced Research.  

5. Chuxia Zhang, Xiaowei Liu, Fundamental crosstalk 

between circadian rhythm and the intestine in the 

pathogenesis of inflammatory bowel disease, 

Clinics and Research in Hepatology and 

Gastroenterology, Volume 47, Issue 9, 2023, 

102214, ISSN 2210-7401. 

6. Kobayashi, T., Siegmund, B., Le Berre, C. et 

al. Ulcerative colitis. Nat Rev Dis Primers 6, 74 

(2020). 

7. Sarlos P, Kovesdi E, Magyari L, Banfai Z, Szabo A, 

Javorhazy A, Melegh B. Genetic update on 

inflammatory factors in ulcerative colitis: Review of 

the current literature. World J Gastrointest 

Pathophysiol. 2014 Aug 15;5(3):304-21. doi: 

10.4291/wjgp.v5.i3.304. PMID: 25133031; 

PMCID: PMC4133528. 

8. Kaur, A., Goggolidou, P. Ulcerative colitis: 

understanding its cellular pathology could provide 

insights into novel therapies. J Inflamm 17, 15 

(2020).  

9. Nicholson, J. K., Holmes, E., Kinross, J., Burcelin, 

R., Gibson, G., Jia, W., & Pettersson, S. (2012). 

Host-gut microbiota metabolic interactions. In 

Science (Vol. 336, Issue 6086, pp. 1262–1267). 

American Association for the Advancement of 

Science.  

10. Fernandes, J., Su, W., Rahat-Rozenbloom, S., 

Wolever, T. M. S., & Comelli, E. M. (2014). 

Adiposity, gut microbiota and faecal short chain 

fatty acids are linked in adult humans. Nutrition and 

Diabetes, 4(JUNE). 

11. Kaczmarczyk, M. M., Miller, M. J., & Freund, G. G. 

(2012). The health benefits of dietary fiber: Beyond 

the usual suspects of type 2 diabetes mellitus, 

cardiovascular disease and colon cancer. In 

Metabolism: Clinical and Experimental (Vol. 61, 

Issue 8, pp. 1058–1066).  

12. Schwiertz, A., Taras, D., Schäfer, K., Beijer, S., Bos, 

N. A., Donus, C., & Hardt, P. D. (2010). Microbiota 

and SCFA in lean and overweight healthy subjects. 

Obesity, 18(1), 190–195. 

13. Payne, A. N., Chassard, C., Zimmermann, M., 

Müller, P., Stinca, S., & Lacroix, C. (2011). The 

metabolic activity of gut microbiota in obese 

children is increased compared with normal-weight 

children and exhibits more exhaustive substrate 

utilization. Nutrition & Diabetes, 1(7), e12–e12.  

14. Shan, Y., Lee, M., & Chang, E. B. (2022). The Gut 

Microbiome and Inflammatory Bowel Diseases. In 

Annual Review of Medicine (Vol. 73, pp. 455–468). 

Annual Reviews Inc.  

15. Mathew A clobra. Clin Gastroenterol Hepatol. 2012 

Apr 10;10(9):960–968. 

16. Macpherson AJ, Harris NL. Interactions between 

commensal intestinal bacteria and the immune 

system. Nat Rev Immunol. 2004;4:478–485 

17. F. Magro, P. Gionchetti, R. Eliakim, S. Ardizzone, 

A. Armuzzi, M.B. Acosta, J. Burisch, K.B. Gecse, 

A.L. Hart, P. Hindryckx, C. Langner, J.K. Limdi, G. 

Pellino, E. Zagórowicz, T. Raine, M. Harbord, F. 

Rieder, et al., J. Crohn’s Colitis 11 (2017) 649–670. 

18. N.Y. Han, W. Choi, J.M. Park, E.H. Kim, H. Lee, 

K.B. Hahm, Label-free quantification for 

discovering novel biomarkers in the diagnosis and 

assessment of disease activity in inflammatory 

bowel disease, J. Dig. Dis. 14 (2013) 166–174. 

19. D. Berry, W. Reinisch, Intestinal microbiota: a 

source of novel biomarkers in inflammatory bowel 

diseases? Best Pract. Res. Clin. Gastroenterol. 27 

(2013) 47–58. 

20. S. Vermeire, G. Van Assche, P. Rutgeerts, 

Laboratory markers in IBD: useful, magic, or 

unnecessary toys? Gut. 55 (2006) 426–431 

21. J. Langhorst, S. Elsenbruch, T. Mueller, A. Rueffer, 

G. Spahn, A. Michalsen, G.J. Dobos, Comparison of 

4 neutrophil-derived proteins in feces as indicators 

of disease activity in ulcerative colitis, Inflamm. 

Bowel Dis. 11 (2005) 1085–1091. 

22. D.K. Podolsky, K. Lynch-Devaney, J.L. Stow, P. 

Oates, B. Murgue, M. DeBeaumont, B.E. Sands, 

Y.R. Mahida, Identification of human intestinal 

trefoil factor. Goblet cell-specific expression of a 

peptide targeted for apical secretion, J. Biol. Chem. 

268 (1993) 6694–670. 

23. N.A. Wright, R. Poulsom, G. Stamp, S. Van Norden, 

C. Sarraf, G. Elia, D. Ahnen, R. Jeffery, J. 



 
 

Anirudh J et al, Cross Current Int J Med Biosci, May-Jun, 2025; 7(3): 42-55. 

Published By East African Scholars Publisher, Kenya                      53 

 

Longcroft, C. Pike, Trefoil peptide gene expression 

in gastrointestinal epithelial cells in inflammatory 

bowel disease, Scand. J. Gastroenterol. 193 (1992) 

76–82. 

24. D. Taupin, D.K. Podolsky, Trefoil factors: initiators 

of mucosal healing, Nat. Rev. Mol. Cell Biol. 4 

(2003) 721–732. 

25. Mashimo H, Wu DC, Podolsky DK, Fishman MC. 

Impaired defense of intestinal mucosa in mice 

lacking intestinal trefoil factor. Science. 

1996;274:262–265. doi: 

10.1126/science.274.5285.262. 

26. Beck PL, Wong JF, Li Y, Swaminathan S, Xavier 

RJ, Devaney KL, Podolsky DK. Chemotherapy- and 

radiotherapy-induced intestinal damage is regulated 

by intestinal trefoil factor. Gastroenterology. 

2004;126:796–808. doi: 

10.1053/j.gastro.2003.12.004. 

27. R. Nakov, T. Velikova, V. Nakov, V. Gerova, L. 

Tankova, Trefoil factor 3 is highly predictive of 

complete mucosal healing independently and in 

combination with Creactive protein in patients with 

ulcerative colitis, J. Gastrointestinal Liv. Dis. 28 

(2019) 169–174. 

28. Naka, T. & Fujimoto, M. LRG is a novel 

inflammatory marker clinically useful for the 

evaluation of disease activity in rheumatoid arthritis 

and inflammatory bowel disease. Immunol. 

Med. 41(2), 62–67 (2018). 

29. Fujimoto, M. et al. Leucine-rich a2-glycoprotein as 

a potential biomarker for joint inflammation during 

anti-interleukin-6 biologic therapy in rheumatoid 

arthritis. Arthritis Rheumatol. 67(8), 2056–2060 

(2015). 

30. Serada, S. et al. iTRAQ-based proteomic 

identification of leucine-rich alpha-2 glycoprotein as 

a novel inflammatory biomarker in autoimmune 

diseases. Ann. Rheum. Dis. 69(4), 770–774 (2010). 

31. Serada, S. et al. Serum leucine-rich alpha-2 

glycoprotein is a disease activity biomarker in 

ulcerative colitis. Inflamm. Bowel Dis. 18(11), 

2169–2179 (2012). 

32. Shinzaki, S. et al. Leucine-rich alpha-2 glycoprotein 

is a serum biomarker of mucosal healing in 

ulcerative colitis. J. Crohns Colitis 11(1), 84–91 

(2017). 

33. Ahn, S. S. et al. Serum leucine-rich α2-glycoprotein 

is elevated in patients with systemic lupus 

erythematosus and correlates with disease 

activity. Clin. Chim. Acta 486, 253–258 (2018). 

34. Shimizu, M. et al. Leucine-rich α2-glycoprotein as 

the acute-phase reactant to detect systemic juvenile 

idiopathic arthritis disease activity during anti-

interleukin-6 blockade therapy: A case series. Mod. 

Rheumatol. 27(5), 833–837 (2017). 

35. Hayashi, M. et al. Changes in serum levels of 

leucine-rich α2-glycoprotein predict prognosis in 

primary biliary cholangitis. Hepatol. Res. 49(4), 

385–393 (2019). 

36. Shirai, R. et al. Up-regulation of the expression of 

leucine-rich a2-glycoprotein in hepatocytes by the 

mediators of acute-phase response. Biochem. 

Biophys. Res. Commun. 382(4), 776–779 (2009). 

37. O’Donnell, L. C., Druhan, L. J. & Avalos, B. R. 

Molecular characterization and expression analysis 

of leucine-rich alpha2-glycoprotein, a novel marker 

of granulocytic differentiation. J. Leukoc. 

Biol. 72(3), 478–485 (2002). 

38. Nakarai A, Kato J, Hiraoka S, et al. Prognosis of 

ulcerative colitis differs between patients with 

complete and partial mucosal healing, which can be 

predicted from the platelet count. World J 

Gastroenterol. 2014;20(48):18367-74. 

39. Yang H, Wang H and Tracey KJ: HMG-1 

rediscovered as a cytokine. Shock 15: 2447-2453, 

2001. 

40. Ulloa L and Messmer D: High-mobility group box 1 

(HMGB1) protein: friend and foe. Cytokine Growth 

Factor Rev 17: 189-201, 2006. 

41. Bianchi ME and Manfredi AA: High-mobility group 

box 1 (HMGB1) protein at the crossroads between 

innate and adaptive immunity. Immunol Rev 220: 

35-46, 2007. 

42. Bierhaus A, Humpert PM, Morcos M, Wendt T, 

Chavakis T, Arnold B, Stern DM and Nawroth PP: 

Understanding RAGE, the receptor for advanced 

glycation end products. J Mol Med 83: 876-886, 

2005 

43. Schmidt AM, Yan SD, Yan SF and Stern DM: The 

multiligand receptor RAGE as a progression fac0tor 

amplifying immune and inflammatory responses. J 

Clin Invest 108: 949-955, 2001. 

44. Bierhaus A, Stern DM and Nawroth PP: RAGE in 

inflammation: a new therapeutic target? Curr Opin 

Investig Drugs 7: 985-991, 2001. 

45. Wang H, Bloom O, Zhang M, Vishnubhakat JM, 

Ombrellino M, Che J, Frazier A, Yang H, Ivanova 

S, Borovikova L, Manogue KR, Faist E, Abraham 

E, Andersson J, Andersson U, Molina PE, Abumrad 

NN, Sama A and Tracey KJ: HMG-1 as a late 

mediator of endotoxin lethality in mice. Science 

285: 248-251, 1999. 

46. Abraham E, Arcaroli J, Carmody A, Wang H and 

Tracey KJ: HMG-1 as a mediator of acute lung 

inflammation. J Immunol 165: 2950-2954, 2000. 

47. Yin K, Gribbin E and Wang H: Interferon-gamma 

inhibition attenuates lethality after cecal ligation and 

puncture in rats: implication of high mobility group 

box-1. Shock 24: 396-401, 2005. 

48. Tsung A, Sahai R, Tanaka H, Nakao A, Fink MP, 

Lotze MT, Yang H, Li J, Tracey KJ, Geller DA and 

Billiar TR: The nuclear factor HMGB1 mediates 

hepatic injury after murine liver 

ischemiareperfusion. J Exp Med 201: 1135-1143, 

2005. 

49. Sobajima J, Ozaki S, Uesugi H, et al. Prevalence and 

characterization of perinuclear anti-neutrophil 

cytoplasmic antibodies (PANCA) directed against 



 
 

Anirudh J et al, Cross Current Int J Med Biosci, May-Jun, 2025; 7(3): 42-55. 

Published By East African Scholars Publisher, Kenya                      54 

 

HMG1 and HMG2 in ulcerative colitis (UC). Clin 

Exp Immunol. 1998;111:402–7. 

50. H.E. Harris, U. Andersson, D.S. Pisetsky, HMGB1: 

a multifunctional alarmin driving autoimmune and 

inflammatory disease, Nat. Rev. Rheumatol. 8 

(2012) 195–202,  

51. S. Hirsiger, H.-P. Simmen, C.M.L. Werner, G.A. 

Wanner, D. Rittirsch, Danger signals activating the 

immune response after trauma, Mediat. Inflamm. 

2012 (2012) 1–10,  

52. R. Vitali, L. Stronati, A. Negroni, G. Di Nardo, M. 

Pierdomenico, E. Del Giudice, P. Rossi, S. 

Cucchiara, Fecal HMGB1 is a novel marker of 

intestinal mucosal inflammation in pediatric 

inflammatory bowel disease, Am. J. Gastroenterol. 

106 (2011) 2029–2040,  

53. Striz I. B Cell-Activating Factor (BAFF) in 

Inflammatory Bowel Disease: BAFFling No 

Longer? Dig. Dis. Sci. 2016;61:2456–2458. doi: 

10.1007/s10620-016-4231-1 

54. Schneider P, MacKay F, Steiner V, Hofmann K, 

Bodmer J, Holler N, et al. BAFF, a novel ligand of 

the tumor necrosis factor family, stimulates B cell 

growth. J Exp Med. 1999;189:1747–1756. doi: 

10.1084/jem.189.11.1747. 

55. Moore P, Belvedere O, Orr A, Pieri K, LaFleur D, 

Feng P, et al. BlyS: member of the tumor necrosis 

factor family and B lymphocyte stimulator. Science. 

1999;285:260–263. doi: 

10.1126/science.285.5425.260 

56. Mukhopadhyay A, Ni J, Zhai Y, Yu G, Aggarwal B. 

Identification and characterization of a novel 

cytokine, THANK, a TNF homologue that activates 

apoptosis, nuclear factor-κB, and c-Jun NH2-

terminal kinase. J Biol Chem. 1999;274:15978–

15981. doi: 10.1074/jbc.274.23.15978. 

57. Shu H, Hu W, Johnson H. TALL-1 is a novel 

member of the TNF family that is down-regulated 

by mitogens. J Leukoc Biol. 1999;65:680–683. 

58. Scapini P, Bazzoni F, Cassatella M. Regulation of 

B-cell-activating factor (BAFF)/B lymphocyte 

stimulator (BLyS) expression in human neutrophils. 

Immunol Lett. 2008;116:1–6. doi: 

10.1016/j.imlet.2007.11.009. 

59. Boulé M, Broughton C, Mackay F, Akira S, 

Marshak-Rothstein A, Rifkin I. Toll-like receptor 9–

dependent and –independent dendritic cell 

activation by chromatin–immunoglobulin G 

complexes. J Exp Med. 2004;199:1631–1640. doi: 

10.1084/jem.20031942. 

60. Gorelik L, Gilbride K, Dobles M, Kalled S, 

Zandman D, Scott M. Normal B cell homeostasis 

requires B cell activation factor production by 

radiation-resistant cells. J Exp Med. 2003;198:937–

945. doi: 10.1084/jem.20030789. 

61. Zhang P, Liu X, Guo A, Xiong J, Fu Y, Zou K. B 

cell-activating factor as a new potential marker in 

inflammatory bowel disease. Dig Dis Sci 

62. Steinbach EC, Plevy SE. The role of macrophages 

and dendritic cells in the initiation of inflammation 

in IBD. Inflamm Bowel Dis. 2014;20:166–175. 

63. Schirbel A., Fiocchi C. Inflammatory bowel disease: 

Established and evolving considerations on its 

etiopathogenesis and therapy. J. Dig. Dis. 

2010;11:266–276. doi: 10.1111/j.1751-

2980.2010.00449.x. 

64. Zhao J., Lu Q., Liu Y., Shi Z., Hu L., Zeng Z., Tu 

Y., Xiao Z., Xu Q. Th17 Cells in Inflammatory 

Bowel Disease: Cytokines, Plasticity, and 

Therapies. J. Immunol. Res. 2021;2021:8816041. 

doi: 10.1155/2021/8816041. 

65. Kumric M, Zivkovic PM, Ticinovic Kurir T, 

Vrdoljak J, Vilovic M, Martinovic D, Bratanic A, 

Lizatovic IK, Bozic J. Role of B-Cell Activating 

Factor (BAFF) in Inflammatory Bowel Disease. 

Diagnostics (Basel). 2021 Dec 27;12(1):45. doi: 

10.3390/diagnostics12010045. PMID: 35054212; 

PMCID: PMC8774757. 

66. Jukic A, Bakiri L, Wagner EF, et al. Calprotectin: 

from biomarker to biological function. Gut. 

2021;70(10):1978–1988. 

67. Udegbune M, Sharrod–Cole H, Townsend S, et al. 

Diagnostic performance of serum calprotectin in 

discriminating active from inactive ulcerative colitis 

in an outpatient setting. Ann Clin Biochem. 

2022;59(6):404–409. 

68. Shimizu H, Ebana R, Kudo T, et al. Both fecal 

calprotectin and fecal immunochemical tests are 

useful in children with inflammatory bowel 

disease. J Gastroenterol. 2022;57(5):344–356. 

69. de Magalhães Costa, M.H.; Sassaki, L.Y.; Chebli, 

J.M.F. Fecal calprotectin and endoscopic scores: 

The cornerstones in clinical practice for evaluating 

mucosal healing in inflammatory bowel 

disease. World J. Gastroenterol. 2024, 30, 3022–

3035 

70. Wang W, Cao W, Zhang S, Chen D, Liu L. The Role 

of Calprotectin in the Diagnosis and Treatment of 

Inflammatory Bowel Disease. International Journal 

of Molecular Sciences. 2025; 26(5):1996. 

71. Cesaro, A.; Anceriz, N.; Plante, A.; Pagé, N.; Tardif, 

M.R.; Tessier, P.A. An inflammation loop 

orchestrated by S100A9 and calprotectin is critical 

for development of arthritis. PLoS ONE 2012, 7, 

e45478. 

72. Harbord M., Eliakim R., Bettenworth D., Karmiris 

K., Katsanos K., Kopylov U., Kucharzik T., Molnár 

T., Raine T., Sebastian S., et al. Third European 

Evidence-based Consensus on Diagnosis and 

Management of Ulcerative Colitis. Part 2: Current 

Management. J. Crohns Colitis. 2017;11:769–784. 

doi: 10.1093/ecco-jcc/jjx009. 

73. Wang Y., Parker C.E., Feagan B.G., MacDonald 

J.K. Oral 5-aminosalicylic acid for maintenance of 

remission in ulcerative colitis. Cochrane Database 

Syst. Rev. 2016;5:CD000544. doi: 

10.1002/14651858.CD000544.pub4. 



 
 

Anirudh J et al, Cross Current Int J Med Biosci, May-Jun, 2025; 7(3): 42-55. 

Published By East African Scholars Publisher, Kenya                      55 

 

74. Van Bodegraven A.A., Boer R.O., Lourens J., 

Tuynman H.A., Sindram J.W. Distribution of 

mesalazine enemas in active and quiescent 

ulcerative colitis. Aliment. Pharmacol. Ther. 

1996;10:327–332. doi: 10.1111/j.0953-

0673.1996.00327.x. 

75. Park SC, Jeen YT. Current and emerging biologics 

for ulcerative colitis. Gut Liver. 2015 Jan;9(1):18-

27. doi: 10.5009/gnl14226. PMID: 25547087; 

PMCID: PMC4282853. 

76. Sandborn WJ, Rutgeerts P, Enns R, et al. 

Adalimumab induction therapy for Crohn disease 

previously treated with infliximab: a randomized 

trial. Ann Intern Med 2007; 146 (Suppl 1): 829–838 

77. Casanova MJ, Chaparro M, Mínguez M, et al. 

Effectiveness and safety of the sequential use of a 

second and third anti-TNF agent in patients with 

inflammatory bowel disease: results from the 

ENEIDA Registry. Inflamm Bowel Dis 2020; 26: 

606–616 

78. Peeters H, Louis E, Baert F, et al. Efficacy of 

switching to infliximab in patients with Crohn’s 

disease with loss of response to adalimumab. Acta 

Gastroenterol Belg 2018; 81: 15–21. 

79. Ma C, Panaccione R, Heitman SJ, et al. Systematic 

review: the short-term and long-term efficacy of 

adalimumab following discontinuation of 

infliximab. Aliment Pharmacol Ther 2009; 30: 977–

986. 

80. Edwards F, Truelove S C. The course and prognosis 

of ulcerative colitis. Gut. 1963;41:299–315. doi: 

10.1136/gut.4.4.299. 

81. Ekbom A, Helmick C G, Zack M, Holmberg L, 

Adami H O. Survival and causes of death in patients 

with inflammatory bowel disease: a population-

based study. Gastroenterology. 1992;103:954–960. 

doi: 10.1016/0016-5085(92)90029-x 

82. Truelove S C, Witts L. Cortisone in ulcerative 

colitis: final report on a therapeutic trial. BMJ. 

1955;2:1041–1048. doi: 10.1136/bmj.2.4947.1041. 

83. Watkinson G. Treatment of ulcerative colitis with 

topical hydrocortisone hemisuccinate sodium A 

controlled trial employing restricted sequential 

analysis. BMJ. 1958:1077–1082. doi: 

10.1136/bmj.2.5104.1077 

84. Lennard-Jones J E, Baron J H, Connell A M, et al. 

A double blind controlled trial of prednisolone-21-

phosphate suppositories in the treatment of 

idiopathic proctitis. Gut. 1962;3:207–210. doi: 

10.1136/gut.3.3.207. 

85. Truelove S. Treatment of ulcerative colitis with 

local hydrocortisone hemisuccinate sodium. A 

report on a controlled therapeutic trial. BMJ. 

1958:1072–1077. doi: 10.1136/bmj.2.5104.1072. 

86. Lindgren S, Lofberg R, Bergholm L, et al. Effect of 

budesonide enema on remission and relapse rate in 

distal ulcerative colitis and proctitis. Scand J 

Gastroenterol. 2002;37:705–710. doi: 

10.1080/00365520212512. 

87. Sprague R.G., et al. Observations on the physiologic 

effects of cortisone and ACTH in man. Archives of 

Internal Medicine. 1950;85(2):199–258. doi: 

10.1001/archinte.1950.00230080003001. 

88. Borel J.F., et al. Biological effects of cyclosporin A: 

A new antilymphocytic agent. Agents and Actions. 

1994;43(3–4):179–186. doi: 10.1007/BF01986686. 

89. Martel R., Klicius J., Galet S. Inhibition of the 

immune response by rapamycin, a new antifungal 

antibiotic. Canadian Journal of Physiology and 

Pharmacology. 1977;55(1):48–51. doi: 

10.1139/y77-007. 

90. Kino T., et al. FK-506, a novel immunosuppressant 

isolated from a Streptomyces. The Journal of 

Antibiotics. 1987;40(9):1256–1265. doi: 

10.7164/antibiotics.40.1256.  

91. Chapuis A.G., et al. Effects of mycophenolic acid on 

human immunodeficiency virus infection in vitro 

and in vivo. Nature Medicine. 2000;6(7):762–768. 

doi: 10.1038/77489. 

92. Hussain Y, Khan H. Immunosuppressive Drugs. 

Encyclopedia of Infection and Immunity. 2022:726–

40. doi: 10.1016/B978-0-12-818731-9.00068-9. 

Epub 2022 Apr 8. PMCID: PMC8987166. 

93. Shibolet O, Regushevskaya E, Brezis M, et al. 

Cyclosporine A for induction of remission in severe 

ulcerative colitis. Cochrane Database Syst Rev 

2005;1:CD004277 

94. Bean R. The treatment of chronic ulcerative colitis 

with 6-mercaptopurine. Med J Aust. 1962;49:592–

593. 

95. Arts J, D’Haens G, Zeegers M. Long-term outcome 

of treatment with intravenous cyclosporin in patients 

with severe ulcerative colitis. Inflamm Bowel Dis 

2004;1:73-8 

96. Ogata H, Matsui T, Nakamura M, et al. A 

randomized dose finding study of oral tacrolimus 

(FK506) therapy in refractory ulcerative colitis. Gut 

2006;55:1255-62. 

 


