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ABSTRACT 

Inflammatory bowel disease (IBD), encompassing Crohn’s disease and ulcerative colitis, is a chronic and relapsing inflammatory 

disorder of the gastrointestinal tract characterized by dysregulated immune responses, impaired intestinal barrier function, and 

alterations in gut microbiota. Despite advances in conventional therapies, many patients experience limited efficacy, adverse effects, 

or loss of response over time, highlighting the need for safer and more effective therapeutic alternatives. Natural enzymes derived 

from plant, microbial, and animal sources have gained increasing attention for their potential role in modulating intestinal 

inflammation. These enzymes exhibit anti-inflammatory, antioxidant, immunomodulatory, and mucosal protective properties by 

influencing pro-inflammatory cytokine signalling, oxidative stress pathways, epithelial integrity, and microbiota composition. This 

review summarizes current evidence on the mechanisms by which natural enzymes regulate intestinal inflammation and evaluates 

their therapeutic potential in the management of IBD. Furthermore, it discusses the advantages, limitations, and challenges 

associated with enzyme-based therapies, including issues related to stability, bioavailability, and clinical translation. Overall, natural 

enzymes emerge as promising adjunctive or alternative strategies for IBD therapy, warranting further preclinical and clinical 

investigations. 
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1. INTRODUCTION:- 

The inflammatory bowel diseases (IBDs) primarily include Crohn’s disease and ulcer-ative colitis. Crohn’s disease is an IBD that 

causes inflammation anywhere along the lining of the digestive tract, while ulcerative colitis causes long-lasting inflammation in 

some part of the digestive tract (mainly the colon). The exact aetiology of IBD is not well known. There are several factors that have 

been postulated to have an effect on the development of this group of diseases, which include but are not limited to bacterial 

contamination, a change in the immune system, and genetic variations. For instance, a mutation in the NOD2 gene is associated 

with an increase susceptibility to IBD via production of proinflammatory cytokines.1 While genetic predisposition plays a key role 

in immune-mediated diseases, the major influence appears to be due to environmental factors. Indeed, current  research  suggests 

that  autoimmune diseases are most prevalent in highly industrialized nations but rare in less developed countries.3  Moreover, 

studies have shown that increased consumption of milk protein, animal protein, and polyunsaturated fatty acids can increase the risk 

for IBD,4 and that consumption of tobacco increases the risk of Crohn’s disease.5The major subtypes of IBD, including Crohn’s 

disease and ulcerative colitis, have a high prevalence rate in the world, with North America noting the highest frequency of people 

suffering with Crohn’s disease. In addition, statistics show that an estimated 129,000 people live with the disease in Canada. 

Although the onset of the disease usually occurs during adulthood, children are increasingly being diagnosed with IBD. Treating 

IBD often involves use of medications that can diminish the symptoms and decrease the inflammation in the colon lining. A group 

of anti-inflammatory drugs including 5-aminosalicylic acid is commonly used to treat IBD.6 Other drugs such as infliximab are also 

indicated in patients who have failed conventional therapy and are hospitalized with severe IBD.  Infliximab is a chimeric 

monoclonal antibody against tumor necrosis factor alpha (TNF-α), a cytokine involved in intestinal inflammation.  Several other 

immunomodulatory drugs, such as thalidomide, can also be used to treat a patient with severe IBD. Formerly  used as a  sedative 

and hypnotic, this synthetic drug has been shown to significantly reduce the inflammation  associated  with IBD.7 However,  under 

certain circumstances,  when  medical  therapy  fails, surgery  may  be considered. This operation is known as colectomy and 

involves removal of the large intestine. While ulcerative colitis is cured upon removal of the colon, Crohn’s disease unfortunately 

can still recur after surgery. While medication is commonly used to treat IBD, most pharmaceutical compounds have side effects 

such as head-ache, diarrhea, and nausea, which can reduce patient compliance and result in worsening of the condition. Therefore, 
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appropriate  delivery  systems  must  be  developed in order to overcome the limitations and issues associated with the currently 

available treatments for IBD. Artificial cell micro-encapsulation is a promising tool in scientific research that allows for targeted 

delivery of pharmaceutical compounds in a time-dependent fashion.7 Current research aims at developing such a platform in order 

to deliver anti-inflammatory drugs to the areas of the gastrointestinal tract most affected by IBD. 

Types:-  

I. Crohn’s Disease:-  

• Affected Location - Can affect any part of the GI tract (from the mouth to the anus) Most often it affects the portion of the small 

intestine before the large intestine/colon. 

• Damaged Areas -Damaged areas appear in patches that are next to areas of healthy tissue. 

• Inflammation- Inflammation may reach through the multiple layers of the walls of the GI tract. 

II. Ulcerative Colitis:-  

• Affected Location - Occurs in the large intestine (colon) and the rectum. 

• Damaged Areas -Damaged areas are continuous (not patchy) – usually starting at the rectum and spreading further into the 

colon. 

• Inflammation- Inflammation may reach through the multiple layers of the walls of the GI tract. 

 

Fig 1: Ulcerative colitis and crohn’s disease. 

1. SYMPTOMS:-   

IBD causes a range of problems in the colon and rectum, but can also affect other parts of the body. The symptoms may come and 

go. People with IBD may experience flare-ups followed by periods with no symptoms. The first signs of IBD can appear after 

exposure to something that irritates the intestines, such as a medication (including aspirin, ibuprofen and antibiotics) or a GI 

infection. The irritation or infection goes away, but the immune system keeps responding. 

Common IBD symptoms include: 

Abdominal pain (pain in the stomach area), Diarrhea, Rectal bleeding, Weight loss Fever, Anemia. 

Malnutrition and delayed growth in people who develop IBD as children -  
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Anxiety and depression- The condition can also cause swelling or masses, due to inflammation in the intestines. Your doctor may 

notice these on X-rays and other tests as you are being evaluated for your symptoms.  

If inflammation is not controlled, over time IBD can damage the intestines, causing: 

Abscesses: pockets of infection that can result in tearing of the intestinal wall. 

Strictures: areas of narrowing in the bowel. 

Fistulas: abnormal passageways between two organs or vessels that normally do not connect. Fistulas happen when inflammation 

and pressure inside the bowel break down tissue, and can cause bowel contents to leak into the bladder, urethra or vagina. 

Eyes: redness and inflammation due to episcleritis (inflammation between the inner eyelids and the white of the eye) or uveitis 

(inflammation inside the eye). Experts estimate that 10% to 43% of people with IBD develop eye problems, and regular visits to the 

eye doctor are important. 

Mouth: inflammation (stomatitis), mouth sores and ulcers 

Liver: fat in the liver (steatosis) 

Biliary tract: gallstones and inflammation of the bile duct system (sclerosing cholangitis) 

Kidneys: kidney stones, hydronephrosis (swollen kidneys caused by a backup of urine), fistulas and urinary tract infections. 

Skin: erythema nodosum (tender, red bumps on the shins), pyoderma gangrenosum, a rare condition that causes severe skin ulcers 

on the legs. 

Joints and spine: spondylolysis (stress fracture of the vertebrae), sacroiliitis (inflammation of the joints connecting the lower spine 

with the pelvis) and arthritis in the limbs Blood circulation, including phlebitis (inflammation of blood vessels). 

2. CAUSES:-  

Researchers are still trying to determine why some people develop IBD. Three factors appear to play a role: 

Genetics: As many as 1 in 4 people with IBD have a family history of the disease. 

Immune system response: The immune system typically fights off infections. In people with IBD, the immune system mistakes 

foods as foreign substances. It releases antibodies (proteins) to fight off this threat, causing IBD symptoms. 

Environmental triggers: People with a family history of IBD may develop the disease after exposure to an environmental trigger. 

These triggers include smoking, stress, medication use and depression. 

3. EPIDEMIOLOGY OF IBD:-  

Disease Burden of UC and CD in India- There are two population-based studies which have looked into the burden of UC in India. 

The first such study was conducted by in 1984 in Haryana in North India. The study included 21,971 participants and noted a 

prevalence of 42.8 UC patients per 100,000 people. The second study, conducted 15 years later by Sood et al.  from Punjab (this 

state neighbours Haryana), employed a cluster sampling method and calculated age-standardized prevalence rates after screening a 

population of 51,910 people of which two thirds lived in rural parts of Punjab and the rest in urban parts. Overall, 23 patients were 

diagnosed with UC leading to a prevalence rate of 44.3/100,000. The incidence was calculated again during a second visit to the 

same area 1 year later and was reported to be 6.02/100,000. These data again indicate that UC is not rare in India. However, these 

findings go against the general belief that the burden of IBD is on the rise in Asian countries, especially when data from other 

regions suggest so. A recent epidemiological study, entitled “The Asia-Pacific Crohn's and Colitis Epidemiologic Study. Who studied 

incident IBD cases diagnosed between April 2011 and March 2012, reported the incidence and prevalence of IBD from 8 Asian 

regions and Australia. The crude overall incidence of IBD, UC, and CD from Asia was 1.37, 0.76, and 0.54 per 100,000, respectively, 

whereas in Australia it was 23.67, 7.33, and 14.00, respectively. Among the Asian countries, it was highest in mainland China 

(Guangzhou: 3.4/ 100,000) followed by Hong Kong (3.06/100,000), and Macau (2.2/100,000). Data from Western Asia including 
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studies from Kuwait, Turkey an incidence rate of 2.8/100,000 and 5.04/100,000 in Kuwait and Israel, respectively, and a prevalence 

of 4.9/100,000 and 167/100,000 in Turkey and Israel, respectively.  

Estimated Disease Burden of IBD in India 

We have recently compared the overall disease burden between the West and the East, and came to the staggering observation that 

the overall disease burden (when both prevalence and population were taken into account) was among the highest in India. The 

present review employed figures from one geographical area as representative of the entire country, and CD disease burden (where 

not available) was taken as one third of UC prevalence. The overall estimated IBD population in India in 2010 came out to be 1.4 

million, which was the second highest number after the USA (with 1.64 million). Therefore, although the disease prevalence in 

India is lower than in the West, with a population of more than 120 million, the total IBD population in India is among the largest 

across the globe.  

4. ROLE OF NATURAL  ENGYMES FOR IBD:- 

Papaya (Carica papaya) biological source – Papain is the dried and purified latex of the green fruits and leaves of Carica papaya 

L. belonging to family Caricaceae is a rich source of proteolytic enzymes, collectively known as papaya proteases. These enzymes 

are predominantly obtained from papaya latex, unripe fruit, leaves, and seeds. The most important proteases include: Papain 

Chymopapain Caricain Glycyl endopeptidase Among these, papain is the most extensively studied and biologically active enzyme 

with therapeutic significance and  Classification and Biochemical Properties Papaya proteases belong to the cysteine protease  Active 

site contains cysteine–histidine–asparagine triad Broad substrate specificity Optimal activity at pH 5.0–7.0 Molecular weight: ~23 

kDa (papain) Heat stable and active over a wide pH range these properties make papaya proteases suitable for oral enzyme therapy. 

Bromelain (Ananas comosus) is a mixture of proteolytic enzymes (proteases) derived from the pineapple plant biological source - 

bromelain belongs to a group of protein obtained commercially from the fruit or stem of herbaceous perennial. belonging to the 

family Bromeliaceae. It has long been used in traditional medicine for its anti-inflammatory, immunomodulatory, and digestive 

properties. In recent years, bromelain has attracted attention as a natural enzyme-based adjunct therapy for inflammatory disorders, 

including Inflammatory Bowel Disease (IBD).Type of enzyme: Cysteine protease Stem bromelain is preferred for therapeutic 

applications due to its higher proteolytic activity and stability. Biochemical Characteristics Molecular weight: ~24–37 kDa Active 

site: Cysteine–Histidine catalytic dyad Optimal pH: 5.5–8.0 broad substrate specificity Stable over a wide pH range, making it 

suitable for oral administration bromelain is often formulated as enteric-coated tablets or capsules to preserve activity in the 

gastrointestinal tract. 

Gingipain: Zingiber officinalis obtain from biological source– Gingipain is a cysteine protease enzyme found in Ginger Zingiber 

officinalis belonging to the family Zingiberaceae. Gingipains are a group of cysteine proteases produced by the Gram-negative 

anaerobic bacterium Porphyromonas gingivalis, a well-known periodontal pathogen. Gingipains are major virulence factors 

responsible for tissue destruction, immune dysregulation, and chronic inflammation. Although primarily associated with 

periodontitis, recent evidence suggests that gingipains may play a role in systemic inflammatory diseases, including Inflammatory 

Bowel Disease (IBD), through the oral–gut axis. Types of Gingipains Gingipain are classified based on substrate specificity: 

Gingipain Substrate specificity RgpA Arginine-specific RgpB Arginine-specific Kgp Lysine-specific the gingipains are cysteine 

proteases biochemical characteristics enzyme class: Cysteine protease molecular weight: ~50–60 kDa active site: Cysteine–

Histidine dyad strong proteolytic activity resistant to host protease inhibitors these properties allow gingipains to persist and remain 

active in host tissues Promote inflammatory responses in genetically susceptible individuals studies show higher abundance of 

periodontal pathogens in some IBD patients. 

Ficin: Ficin is a plant the latex of fig trees proteolytic enzyme belonging biological source- ficin is a cysteine protease enzyme that 

is extracted from the latex of the fig tree Ficus Carica belonging to the family Moraceae.  especially Ficus carica. traditionally, 

ficin has been used as a digestive, anti-inflammatory, and medicinal enzyme, and recent interest has focused on its potential role in 

managing chronic inflammatory diseases, including Inflammatory Bowel Disease (IBD). Classification and Biochemical Properties 

Cysteine protease molecular weight: ~23–26 kDa active site: Cysteine–Histidine–Asparagine catalytic triad optimal pH: 6.5–8.0 

These properties make ficin suitable for oral enzyme formulations when appropriately protected. IBD (Crohn’s disease and 

ulcerative colitis) involves: Chronic intestinal inflammation, Dysregulated immune responses, Compromised epithelial barrier, 

Oxidative stress, Impaired digestion and nutrient absorption, Ficin may address several of these pathological features through 

multimodal actions. 

Actinidin: Actinidia deliciosa  is a plant-derived proteolytic enzyme biological source- actinidin is a proteolytic enzyme obtained 

from kiwi fruit Actinidia deliciosa belonging to the Actinidiaceae. It is most abundantly found in kiwifruit and is responsible for 

the fruit’s strong protein-digesting activity. Due to its anti-inflammatory, immunomodulatory, and digestive properties, actinidin has 
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gained attention as a potential natural enzyme-based adjunct therapy for inflammatory disorders, including Inflammatory Bowel 

Disease (IBD). classification and biochemical properties Enzyme class: Cysteine protease Molecular weight: ~23–25 kDa Active 

site: Cysteine–Histidine–Asparagine catalytic triad Optimal pH: 3.0–7.0 Substrate specificity: Broad (effective against muscle 

proteins, collagen, and dietary proteins) these characteristics make actinidin suitable for oral digestive and anti-inflammatory 

formulations. IBD (Crohn’s disease and ulcerative colitis) involves: Persistent intestinal inflammation Dysregulated immune 

responses Compromised epithelial barrier integrity Increased oxidative stress impaired digestion and nutrient absorption Actinidin 

may help mitigate these pathological features via multi-target mechanisms. 

Cardosins : Cynara  Cardosins are a group of aspartic proteases isolated from the flower tissues of cardoon and  biological source- 

cardosin is an spartic protease present is large amount in the pistils of cardoon flower Cynara Cardunculus belonging to the family 

Asteraceae. A plant traditionally used in Mediterranean medicine and cheese-making. Recent studies suggest that cardosins possess 

proteolytic, anti-inflammatory, and immunoregulatory properties, making them potential candidates for natural enzyme-based 

adjunct therapy in inflammatory diseases such as Inflammatory Bowel Disease (IBD). Floral extracts Major Types Cardosin A 

Cardosin B These enzymes are synthesized as inactive precursors and become active under acidic conditions. Classification and 

Biochemical Properties Aspartic protease Molecular weight: ~30–35 kDa Catalytic residues: Two aspartic acid residues its IBD is 

characterized by: Chronic intestinal inflammation, Dysregulated immune responses, Protease imbalance in the gut, Epithelial barrier 

dysfunction Aspartic proteases like cardo sins may help regulate protease–antiprotease balance, which is often disturbed in IBD. 

Mechanisms of Action of Cardosin in IBD Anti-Inflammatory Effects Modulates inflammatory mediator processing Reduces 

activation of pro-inflammatory pathways may indirectly suppress cytokines such as TNF-α and IL-6. 

5. CONCLUSION:- 

Natural enzymes represent a promising and emerging therapeutic approach for the management of intestinal inflammation and 

inflammatory bowel disease (IBD). Accumulating experimental and clinical evidence indicates that enzymes derived from plant, 

microbial, and animal sources can modulate key inflammatory pathways involved in IBD pathogenesis. These enzymes exert their 

beneficial effects by regulating pro-inflammatory cytokines, reducing oxidative stress, enhancing epithelial barrier integrity, and 

restoring immune homeostasis within the intestinal microenvironment. In addition, certain natural enzymes contribute to 

maintaining gut microbiota balance, which is increasingly recognized as a critical factor in IBD progression and remission. 

Compared with conventional pharmacological therapies, natural enzymes may offer advantages such as improved safety profiles, 

reduced systemic side effects, and potential for long-term use as adjunctive or supportive treatments. Their multi-targeted 

mechanisms of action align well with the complex and multifactorial nature of IBD. However, despite encouraging preclinical 

findings, clinical evidence remains limited, and challenges such as enzyme stability, bioavailability, optimal dosing, and 

standardization need to be addressed. In conclusion, natural enzymes hold significant potential as novel modulators of intestinal 

inflammation and as complementary strategies in IBD therapy. Future well-designed clinical trials and mechanistic studies are 

essential to validate their efficacy, establish therapeutic guidelines, and facilitate their integration into evidence-based treatment 

regimens for patients with inflammatory bowel disease. 
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