


Therapeutic potential of phytochemicals present in the polyherbal formulation Aarumuga Chooranam in management of Irritable Bowel Syndrome (IBS). – In Silico Study.
Abstract
Irritable Bowel Syndrome (IBS) is a chronic functional gastrointestinal disorder characterized by bloating, abdominal pain, and altered bowel habits, which includes constipation, diarrhoea, or a combination of both. Although not life-threatening, IBS significantly affects quality of life and mental health of the patients. The criteria for diagnosing IBS have been significantly refined, and most recently based on Rome IV criteria. Visceral hypersensitivity is one of the key mechanisms which implicated in its pathophysiology, which leads to increased perception of pain in response to normal gastrointestinal stimuli. Population-based studies estimate that the prevalence of IBS is at 10-20% and the incidence is at 1-2% per year.
Molecular modelling is the most important method for the investigation and reorganization of receptor protein and compound structure, potentially without giving more investment in research work and time.
Carbonic anhydrase IV (CA IV), is a zinc metalloenzyme which present on the apical membrane of the intestinal epithelium. It plays a crucial role in inflammation and visceral pain. Its activity is elevated in colitis models, leading to visceral pain and colon damage. Blocking CA IV reduces pain sensitivity and protects colon tissue. Targeting CA IV may offer a promising therapeutic strategy for IBS symptoms management.
Aarumuga Chooranam is a traditional Siddha polyherbal formulation with recognized by its gastrointestinal benefits. This study aims to evaluate the interaction of phytoconstituents present in Aarumuga Chooranam with CA IV using molecular docking techniques, followed by in vitro validation. 
The results of this investigation is to provide scientific evidence supporting the traditional use of the siddha formulation in IBS management and may lead to the development of effective plant-based therapeutics targeting inflammation and hypersensitivity associated with IBS.
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Introduction
	Irritable Bowel Syndrome is a highly prevalent functional gastrointestinal disorder that affects a significant portion of the global population. It is primarily characterised by recurrent abdominal pain, bloating and altered bowel habits, which may include diarrhoea, constipation, or a combination of both. Although IBS isn’t life threatening, it is a chronic condition with fluctuating certain symptoms and can significantly affects the quality of life and mental well-being⁽¹⁾. Population-based studies estimate that the prevalence of IBS is at 10-20% and the incidence is at 1-2% per year. It affects the quality of life and mental health of the patients⁽²⁾.
The criteria for diagnosing IBS have been significantly refined, and most recently based on Rome IV criteria. According to the Rome criteria IV, IBS is classified into 4 subtypes based on the predominant bowel habits:
· IBS with constipation (IBS-C)
· IBS with diarrhoea (IBS-D)
· Mixed IBS (IBS-M)
· Unclassified IBS (IBS-U) ⁽³⁾.
The pathophysiology of IBS is a complex and include various factors that interact in different mechanisms. 
1. Visceral hypersensitivity is considered a trademark of IBS, results in exaggerated pain responses to normal intestinal stimuli⁽³⁾. 
2. Alteration of the gut–brain axis, is a disrupted bidirectional communication between the enteric nervous system and the central nervous system, further plays a substantial role in causing visceral pain, particularly under psychological stress⁽⁴⁾. 
3. Altered gastrointestinal motility contributes to irregular bowel movements. 
4. Intestinal dysbiosis, is an imbalance between beneficial and pathogenic bacteria in gut which reduces the microbial diversity in the intestinal flora, has been linked to bloating, and altered mucosal signalling⁽³⁾. 
5. Immune activation and low-grade inflammation, including mast cell infiltration and increased pro-inflammatory mediators which compromise epithelial barrier integrity and aggravate pain. Additionally, abnormalities in serotonin signalling, a key regulator of gut motility and sensation, contribute to the variability of bowel habits and discomfort in IBS patients.
[bookmark: _GoBack]Within this multifactorial context, Carbonic Anhydrase IV (CA IV), a zinc metalloenzyme which present on the apical membrane of the intestinal epithelium. CA IV has emerged as a crucial mediator of IBS pathophysiology. Some of the Preclinical studies indicate that selective inhibition of CA IV alleviates visceral pain and protects the intestinal mucosa⁽⁵⁾. An increased CA IV expression and activity during intestinal inflammation contribute to visceral hypersensitivity and mucosal injury which leads to visceral pain⁽⁶⁾. Thus highlighting its potential ability, CA IV is selected as a novel therapeutic target. 
This study aims to explore the molecular docking potential of phytochemicals present in the polyherbal formulation Aarumuga Chooranam against the CA IV target using in silico molecular docking approaches. The findings were further validated using in vitro assays, providing insight into the therapeutic potential of this traditional formulation in the management of IBS.
Materials and Methods
The poly herbal formulation Aarumuga Chooranam mentioned in “Nam Naattu Vaithiyam” Page No: 184⁽⁷⁾.
Table 1: Ingredients of Aarumuga Chooranam:
	1. 
	Kadukkai poo (Terminalia chebula)
	1Part

	2. 
	Kadukkai pinchu (Terminalia chebula)
	1Part

	3. 
	Omam (Carum copticum)
	1Part

	4. 
	Atividayam (Aconitum heterophyllum)
	1Part

	5. 
	Chirunagappu (Mesua nagassarium)
	1Part

	6. 
	Kirambu (Syzgium aromaticum)
	1Part

	7. 
	Thayir (Curd)
	Required amount



Molecular modelling is the most important method for the investigation and reorganization of receptor protein and compound structure, potentially without giving more investment in research work and time. Structure prediction of the target and the ligand is important for their interaction studies.
The major phytochemicals which present in the ingrdiants of Aarumuga Chooranam were selected for docking is listed in table 2 and the phytochemicals identified with its Molecular weight, Molecular formula, H-bond donor, H-bond acceptor, Rotatable bonds were listed in table 3

Ligands Preparation
Table 2: List of Phyto components selected for docking
	S.No
	Herbs
	Phytochemicals

	1. 
	Kadukkai poo (Terminalia chebula)
	Gallic acid⁽⁸⁾.

	2. 
	Kadukkai pinchu (Terminalia chebula)
	Maslinic acid⁽⁹⁾.

	3. 
	Omam (Carum copticum)
	Thymol⁽¹°⁾.

	4. 
	Atividayam (Aconitum heterophyllum)
	Aconitine⁽¹¹⁾.

	5. 
	Chirunagappu (Mesua nagassarium)
	Beta caryophyllene⁽¹²⁾.

	6. 
	Kirambu (Syzgium aromaticum)
	Eugenol⁽¹³⁾.



Table 3: Ligand Properties of Compounds selected for Docking Analysis
	Compound
	Molecular weight g/mol
	Molecular Formula
	H-Bond Donor
	H- Bond acceptor
	Rotatable bonds

	Gallic acid
	170.12 g/mol
	C7H6O5 
	4
	5
	1

	Maslinic acid
	472.7 g/mol
	C30H48O4
	3
	4
	1

	Thymol
	150.22 g/mol
	C10H14O
	1
	1
	1

	Aconitine
	645.7 g/mol 
	C34H47NO11
	3
	12
	11

	Beta caryophyllene
	204.35 g/mol
	 C15H24 
	0
	0
	0

	Eugenol
	164.2 g/mol 
	C10H12O2 
	1
	2
	3



Each selected phytochemical was prepared for docking by obtaining its 2D and 3D structures from Pubchem database (https://pubchem.ncbi.nlm.nih.gov/) in SDF format and converted to PDB format, followed by energy minimization to ensure stable conformations and reduced steric hindrance. Each ligand was then parameterized with appropriate partial charges and rotatable bonds to enable flexible interactions with the target protein. The structured of ligands are shown in Table 4
Table 4: 2D & 3D Structure of Selected Ligands
	Ligand
	2D Structure
	3D Structure

	


Gallic acid
	[image: Gallic Acid_small.png]

	[image: Gallic Acid_3D_Structure.png]


	

Maslinic acid
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	[image: Maslinic Acid_3D_Structure.png]

	


Thymol
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Aconitine
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Beta caryophyllene
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	[image: (-)-Caryophyllene_3D_Structure.png]

	


Eugenol
	[image: Eugenol_small.png]
	[image: Eugenol_3D_Structure.png]



Target Preparation
The carbonic anhydrase class of target CA IV, is carried out for the fetched phytocompounds in the docking calculations. The targeted protein were selected based on Swiss target prediction (http://www.swisstargetprediction.ch/index.php). The predicted targets were downloaded from RCSB PDB database (https://www.rcsb.org/). 
The X-ray crystallographic structures of the selected target proteins, each with a resolution of less than 2.0 Å, were retrieved for the study. All non-essential components, including bound ligands, cofactors, and water molecules, were removed to prepare the structures. The cleaned structures were then saved in PDB format for further molecular docking analysis.

Table 5: Properties of Target selected for docking study
	Target Protein
	Common Name
	PDB ID
	Role in IBS

	Carbonic anhydrase IV 
	CA IV
	1ZNC
	Its activity is elevated in colitis models, leading to visceral pain and colon damage. Blocking CA IV reduces pain sensitivity and protects colon tissue⁽¹⁴⁾.



	Structure of the Target

	[image: ]



Methodology
Docking simulations were conducted using MGL Auto Dock tools to evaluate the binding interactions between the target protein and each ligand. Molecular docking was carried out by using AutoDock Tools version 1.5.7, by following the protocol established by Morris et al. (2009), to investigate the interactions between the target protein and each ligand. 
During ligand preparation, some charges were assigned, non-polar hydrogens were combined, and rotatable bonds were specified. A grid box was strategically positioned over the active site residues to ensure the docking within the biologically relevant region⁽¹⁵⁾.
Key parameters including binding energy (ΔG), inhibition constant (Ki), and interaction surface area were calculated for each ligand. To further validate the findings, the docking procedure was repeated using the SwissDock vina page. This comparative approach helped to confirm the consistency of the interaction results⁽¹⁶⁾.
Results & Discussions
	Irritable Bowel Syndrome (IBS) is a chronic functional gastrointestinal disorder characterized by bloating, abdominal pain, altered bowel habits, and a significant reduction in the quality of life of affected individuals. The pathophysiology of IBS is interact in different mechanisms, involving visceral hypersensitivity, dysregulated or altered gut-brain axis, low-grade inflammation, and increased intestinal permeability, commonly referred to as “leaky gut”. These underlying mechanisms often overlap, leading disease progression and symptom manifestation. The Conventional therapeutic options may provide only symptomatic relief and are often associated with some limitations such as poor efficacy and adverse effects, thereby emphasising the need for safer and more effective alternatives.
In the present in silico study, molecular modelling approaches were employed to explore the pharmacodynamic potential of the phytochemicals (Gallic acid, Maslinic acid, Thymol, Aconitine, Beta caryophyllene and Eugenol) against validated molecular targets associated with IBS. The phytochemicals are taken from the polyherbal formulation from siddha literature which indicated for gut health. 
Many overlapping targets were found with different mechanism in IBS. Among the various targets, carbonic anhydrase IV (CA IV) was specifically selected due to its crucial role in modulating visceral pain, epithelial barrier function, and mucosal integrity. Elevated expression and activity of CA IV have been observed in experimental models of colitis, contributing to pain sensation and tissue damage. Importantly, selective inhibition of CA IV has been demonstrated to alleviate visceral hypersensitivity and protect colonic architecture, suggesting its therapeutic relevance in IBS⁽¹⁴⁾. Therefore, evaluating the interaction of Siddha-based phytochemicals with CA IV through molecular docking may provide valuable insights into their mechanism of action and therapeutic potential in IBS management.
Curd (yogurt) has emerged as a potential dietary intervention for managing Irritable Bowel Syndrome (IBS), primarily due to its rich probiotic content. Probiotics, such as Lactobacillus and Bifidobacterium strains, play a crucial role in modulating the gut microbiota, enhancing intestinal barrier function, and regulating local immune responses, which collectively contribute to alleviating gastrointestinal symptoms associated with IBS. Several clinical studies have demonstrated that the consumption of probiotic yogurt can significantly reduce common IBS symptoms, including abdominal pain, bloating, and discomfort, when compared to conventional yogurt⁽¹⁷⁾. 
Moreover, specialized formulations, such as yogurt enriched with Bifidobacterium lactis have been shown to improve bowel regularity, stool consistency, and overall symptom severity, suggesting a synergistic effect of probiotics and dietary fiber in restoring gut homeostasis⁽¹⁸⁾. The mechanisms underlying these benefits are thought to include suppression of pathogenic gut bacteria, production of short-chain fatty acids, and modulation of the gut–brain axis, which together help in reducing visceral hypersensitivity and inflammation in IBS patients. These findings support the inclusion of probiotic-enriched yogurt as a safe, non-pharmacological adjunct in the dietary management of IBS. 
From the results of docking analysis, all the ligand possess 8-10 interactions sites in the selected target. The highest free energy of binding from the interactions were obtained and listed in the table 6. From the table, the highest free energy of binding ranges between -2 to -5 which denotes the higher affinity between the ligand and receptor. The 3D docking interaction of various compounds with the target were tabulated in table 7. All the compounds exhibit higher binding energy against CA IV. By regulating CA IV, the visceral pain and gut damage may be reduced and prevent colitis.
	
Table 6: Summary of molecular docking study of ligands against Carbonic anhydrase IV
	Ligands
	No. of Intractions
	Highest Free Energy of Binding (kcal/mol)

	Gallic acid
	9
	-5.70

	Maslinic acid
	20
	-5.58

	Thymol
	20
	-3.59

	Aconitine
	20
	-4.27

	Beta caryophyllene
	20
	-4.44

	Eugenol
	20
	-2.69



Table 7: Docking interaction with CA IV
	Ligands
	Docking Interaction with CA IV

	


Gallic acid
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Maslinic acid
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Thymol
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Aconitine
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Beta caryophyllene
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Eugenol
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Conclusion
The molecular docking analysis demonstrated that the phytoconstituents Gallic acid, Maslinic acid, Thymol, Aconitine, β-Caryophyllene, and Eugenol, present in Aarumuga Chooranam, exhibited notable binding affinity towards the zinc metalloenzyme Carbonic Anhydrase IV (CA IV). CA IV has been implicated in the development of visceral hypersensitivity and mucosal damage, which are key contributors to the pathophysiology of Irritable Bowel Syndrome (IBS). The strong interactions observed suggest that these compounds may inhibit CA IV activity, thereby alleviating IBS-associated pain and inflammation. These findings highlight the therapeutic relevance of polyherbal formulations in modulating specific molecular targets and support the potential of Aarumuga Chooranam as a source of natural inhibitors for CA IV–mediated pathways in IBS management.
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