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ABSTRACT 

Background: There are few treatment options for acute lung injury (ALI), a potentially fatal inflammatory pulmonary 

condition. The current research work used an integrated In-silico method to target important inflammatory mediators 

implicated in ALI in order to examine the synergistic anti-inflammatory potential of Terminalia chebula and Virgin 

Coconut Oil (VCO) bioactives. 

Method: To determine the primary bioactive components, preliminary phytochemical screening, physiochemical 

characterisation, and ADME profiles of a few chosen phytochemicals were assessed. Dexamethasone was utilised as 

the reference medication in molecular docking investigations against human tryptase (PDB ID: 2ZA5) and nuclear 

Factor Kappa-B (NF-ĸB; PDB ID: 1 NFK). 

Key Findings: The presence of polyphenols, flavonoids, tannins, medium-chain fatty acids, and tocopherols with 

established anti-inflammatory properties was verified by GCMS results and phytochemical analysis. ADME analysis 

identified quercetin, kaempferol, isorhamnetin, gallic acid, ferulic acid, caffeic acid, linoleic acid, oleic acid, capric 

acid, monolaurin and tocopherols as promising pharmacologically active components. Molecular docking 

demonstrated strong binding affinities of quercetin towards NF-ĸB (-7.78 kcal/mol) and isorhamnetin towards human 

tryptases (-8.94 kcal/mol), surpassing the reference drug dexamethasone. 

Conclusion: These results imply that VCO and T. chebula have complimentary bioactive components that can work 

in concert to modulate certain inflammatory pathways linked to ALI. In order to create new phytopharmaceutical 

treatments for inflammatory lung conditions, our work offers a scientific foundation for more molecular dynamics, 

experimental and clinical research.          
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GRAPHICAL ABSTRACT 

 

 
 

1. INTRODUCTION 

Acute lung injury (ALI) is a type of inflammatory lung injury which causes a severe clinical syndrome involving the 

injury and inflammation of the alveolar epithelium, pulmonary edema, and infiltration of inflammatory cells with an 

“impairment of gas exchange.1,2 ALI and its extreme form, ARDS, are responsible for a significant number of cases 

and deaths caused by pulmonary disease. Though there has been advancement in the management of patients in the 

intensive care unit, there are few options for effective drug treatment due to the complex nature and multiple 

components of this syndrome.3,4 The cytokine storm theory describes the primary behavioural components of ALI as 

the excessive damage and inflammation of lung epithelium which are the advanced forms of oxidative stress and 

inflammation, and the dysfunction of the vascular endothelium stemming from the activation of multiple inflammatory 

pathways such as TNF-α, IL-1β, IL-6, NF-κB, COX-2, MAPK, and NLRP3 inflammation among other pathways.5,6,7 

The unrelenting activation of these mediators results in injury to the tissues, damage to the epithelial cells of the 

alveoli, and the lung progressively becomes unable to function.8 

Natural products are excellent stimuli when aiming to uncover innovative treatments for inflammatory diseases due 

to their multiple active components and favourable safety profiles. T. chebula Retz. (Combretaceae) (Haritaki) is 

globally a highly valued medicinal plant within the ancient medical practices of Ayurveda, Siddha and Unani among 

others.9,10 The fruit of T. chebula has been reported to elicit multiple actions such as antioxidant, anti-inflammatory, 

antimicrobial, hepatoprotective, cardioprotective and immunomodulatory.11,12,13 The diverse actions of this fruit have 

been largely attributed to its unique phytochemistry which includes hydrolysable tannins, phenolic acids, flavonoids, 

triterpenes and glycosides. Chebulagic acid, chebulinic acid, gallic acid, ellagic acid, corilagin, punicalagin, 

terchebulin, terflavin A and terflavin B are some of the bioactive constituents that have been shown to inhibit the 

synthesis of inflammatory mediators and reduce the oxidative burden by regulation of the NF-κB and MAPK 

pathways.14 

VCO is obtained from the raw flesh of coconuts without the aid of solvents and has been used as a functional food, 

and more recently, as a therapeutic agent.15 Compared to conventional coconut oil, VCO has a higher concentration 
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of active constituents that include medium chain fatty acids, tocopherols, polyphenols, and several other 

antioxidants.16,17 Lauric, capric, and caprylic acids as well as myristic and oleic acids along with linoleic acid and 

monolaurin make up the primary constituents of VCO. VCO has been shown to possess many diverse actions including 

anti-inflammatory, antioxidant, antimicrobial and immunomodulatory.18 Medium chain fatty acids alter the production 

of inflammatory cytokines, and improves membrane stability and reduces oxidative damage while tocopherols aid in 

scavenging free radicals and protection of cells.19,20 

Recent studies on synergistic phytotherapy combinations of natural bioactive compounds that exert synergistic 

therapeutic effects through the modulation of multiple molecular targets have been made. Given the phytochemical 

synergies of T. chebula and VCO, their synergistic use may give a more effective approach to managing the diverse 

inflammatory pathways of ALI.21 The polyphenols of T. chebula may inhibit some inflammatory cascade pathways. 

In contrast, the fatty acids and tocopherols in VCO may assist in permeating cell membranes, increasing bioavailability 

and providing a better antioxidant defense.22 This combination may be more effective and may also have a better 

safety profile. Additionally, the use of computational technologies has revolutionized the early phases of drug 

discovery. The application of In Silico technologies has made it possible to evaluate and rank a large number of 

promising bioactive compounds in a short time span and relatively low cost, based on their physicochemical 

parameters, pharmacokinetics, and toxicodynamics. Additionally, the potential molecular interactions and the target-

pathway relationships of the compounds can be analysed. The physicochemical evaluation has a large impact on the 

absorption and distribution of the bioactive compounds. It also predicts the metabolism and excretion in the case of 

toxicological evaluation.23 The use of molecular docking helps explain the binding and interactions of the bioactive 

compounds with the targets of the disease related to the pathways and helps hypothesize the potential mechanisms of 

the compounds. 

The current study aimed at detailed phytochemical screening and analysis of the physical and chemical properties of 

T. chebula and VCO, and later an In Silico study of the major bioactive compounds. An assessment was made on the 

physical and chemical properties and the behaviour and the drug-like characteristics of the key phytochemicals and 

the assessment was made to explore and identify lead compounds that possess the ability to regulate inflammatory 

pathways of ALI. The outcome of this study may help in the development of new models of Phytopharmaceuticals 

based on T. chebula and VCO that help in the treatment of Inflammatory pulmonary diseases. 

 

2. MATERIALS AND METHODS 

2.1 Preliminary Phytochemical Screening 

The qualitative phytochemical screening of ethanolic extracts of T. chebula and VCO was carried out using standard 

procedures. For the detection of alkaloids, the test employed was Mayer's test; for steroids, the test employed was the 

Liebermann-Burchard test; for flavonoids, the test was the hydrochloric acid test; for saponins, it was the foam test; 

for phenols and tannins, the test was the ferric chloride test; for carbohydrates, the Molisch’s test; for cardiac 

glycosides and glycosides, the Keller-Killiani test; for terpenoids, the Salkowski test; for proteins, the Xanthoprotein 

test; the Copper Acetate test was employed for fatty acids; and for tocopherols, the Emmerie-Engel reaction was 

employed.24,25,26 

 

2.2 Physicochemical Evaluation 

The determination of the physicochemical parameters of T. chebula powder sample was done as per standard 

procedure. The parameters determined include loss on drying, total ash, acid insoluble ash, water- and alcohol-soluble 

extractive values, pH, foreign matter content, and tannin content. The characterization of VCO was done based on the 

organoleptic properties and the physicochemical parameters of colour, odour, moisture content, refractive index, and 

acid value.27,28 

 

2.3 GC-MS Analysis 

The biochemicals of T. chebula and VCO were analysed using the Gas Chromatography-Mass Spectrometry (GC-

MS) system that was equipped with a capillary column and a mass selective detector. The carrier gas was He, and the 

injector and detector temperature were set based on the manufacturer’s suggested values. The mass spectra were 

acquired in the electron ionization mode for a selected mass range. The identification of the compounds was done by 

comparing the acquired mass spectra to those in the NIST 20 mass spectral library. Characterization of the identified 

compounds was carried out using retention times, molecular formulae, molecular weights, and similarity indices.29,30 

 

2.4 In Silico Physicochemical and ADME Analysis 

For the major phytoconstituents of T. chebula and VCO, the major phytoconstituents were run through some in silico 

studies. The in silico studies included calculating Log P, TPSA, and the number of hydrogen bond donors and 

acceptors, the number of rotatable bonds, violations of Lipinski’s rule, penetration of the blood-brain barrier, and other 

parameters. The study also included ADME properties such as intestinal absorption, skin permeability, and 
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bioavailability, and the potential for the components to interact with and be substrates of the P-glycoprotein and 

CYP3A4 and CYP2D6 and the potential to induce hepatotoxicity.31 

 

2.5 Molecular Docking Analysis: 

The binding affinities of the active constituents were computed for the Nuclear Factor Kappa-B (Nf-Kb) P50 

Homodimer and the Human Tryptase with a potent non-peptide inhibitor using AutoDock Tools 1.5.7. The active sites 

of the target proteins were prepared for docking using Molegro Molecular Viewer. Water molecules and non-

covalently” bound ligands were removed from the Nf-Kb P50 Homodimer and the Human Tryptase 3D structures that 

were obtained from the Protein Data Bank (PDB) with the access numbers 1NFK and 2ZA5, respectively. Co-factors 

and bound ligands were removed. The structures were saved in .pdbqt format after adding polar and non-polar 

hydrogens. The structures were charged. We used Chemdraw Professional to create 2D mol files of the non-toxic 

active components of T. chebula and VCO, which were then, minimized using the MMFF94 force field in Avogadro. 

Preliminary studies on docking using Autodock Tools were conducted to test the methodology. Native ligands were 

redocked to their native binding sites, and the validation process confirmed that the root-mean-square deviation 

(RMSD) between the experimental and predicted poses was ≤ 2 Å. The grid box was adjusted to bring the active 

binding site into better focus. The binding energies (ΔG) were calculated in kcal/mol, and the protein-ligand 

interactions were studied using Biovia Discovery Studio 21.0.31,32 

Molecular docking was executed with AutoDock Tools 1.5.7 to evaluate the binding affinity of the active constituents 

to the active pocket of Lipoxygenase. The preparation of target proteins for docking was performed with the help of 

the Molegro Molecular Viewer. Water molecules, metal atoms, co-crystallized ligands, and other non-covalently 

bound molecules were removed from lipoxygenase. It was downloaded from the Protein Data Bank (PDB) with an 

accession number of 1N8Q. The charges were increased, and the structure was saved in pdbqt format after the addition 

of polar and the combination of non-polar hydrogens. The non-toxic active constituents of Triphala churna were drawn 

to make 2D mol files of ligands in Chemdraw Professional. These 2D mol files were subjected to energy minimization 

in Avogadro. The docking studies in Autodock Tools were also performed as these studies were verified by the re-

docking of native ligands in their original binding sites. Validation of the docking studies was performed by calculating 

the RMSD of experimental and predicted ligand positions with the acceptance value of 2 Å. The grid box was resized 

to increase the active binding site coverage. The binding energies (ΔG) of the ligands were calculated in kilocalories 

per mole (kcal/mol), and the docking results were analysed in Biovia Discovery Studio 21.0. 

 

3.1 Preliminary Phytochemical Screening 

Phytochemical analysis of T. chebula (table 1) confirmed the presence of alkaloids, steroids, flavonoids, phenols, 

tannins, coumarins, terpenoids and proteins, and the absence of saponins, carbohydrates and cardiac glycosides. Since 

acute “lung injury is associated with the augmentation of oxidative stress and the resultant inflammatory response, the 

presence of a wide variety of phenolic compounds and tannins may be responsible for the antioxidant potential and 

may help to control the inflammatory response. 

Phytochemical screening of VCO (table 2) showed the presence of flavonoids, phenolic compounds, tannins, 

terpenoids, steroids, glycosides, fatty acids, and tocopherols. The presence of tocopherols and phenolic compounds 

indicates the presence of potent oxidant scavengers. Furthermore, the presence of lauric acid, capric acid and caprylic 

acid may further be responsible for the anti-inflammatory and modulating response. 

The presence of phenolic compounds and tannins in T. chebula and fatty acids and tocopherols in VCO may exert 

combined therapeutic effects for lung inflammatory conditions. 

 

3.2 Physicochemical Evaluation of T. chebula 

The physicochemistry of T. chebula demonstrates the quality characteristics of the product as indicated on Table 3. 

The loss on drying was 6.12% that demonstrates low moisture content with low probability of microbial contamination 

during storage. The total ash value of 2.85% indicates low inorganic impurities and improved quality of the raw 

material. The acid insoluble ash value of 1.30% indicates low siliceous contamination. The water-soluble extractive 

value was 62.32% which was higher as compared to the alcohol-soluble extractive value (40.91%). This shows the 

presence of water-soluble constituents such as tannins, gallic acid derivatives and hydrolysable poly phenols. The pH 

of the aqueous solution was recorded to be 3.8 indicating the acid nature of the plant material that was due to the 

presence of phenolic acids. It was also recorded that the tannin content was 54mg/100mg powder. This shows that T. 

chebula is a good source of tannin. 

 

3.3 Physicochemical Evaluation of VCO 

VCO appeared to be a colourless to pale-yellow liquid with a coconut odour (Table 4). The moisture content of VCO 

was between 0.10–0.18%, and indicated low susceptibility to oxidation and excellent stability during storage. The 

observed refractive index values at 1.448 - 1.450 confirmed that the VCO used in this study was of good quality as 

per the established standards. The acid value of 0.35 mg KOH/g showed low extent of hydrolytic degradation, 
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indicating good quality of the oil. It can therefore be concluded that the VCO used in this study was of good quality 

and preserved its natural bioactive constituents. 

 

3.4 GC-MS Analysis 

The GC-MS analysis revealed the presence of several bioactive compounds from T. chebula and VCO. The major 

compounds identified were fatty acid esters, long chain alcohols, and saturated fatty acid derivatives. Chromatographic 

analysis identified isopropyl myristate (tetradecanoic acid isopropyl ester) at 12.93 min, 270 Da with 91% similarity. 

A peak at 13.22 min was accounted for by n-pentadecanol and other long chain fatty alcohols (hexadecanol and 

tetradecanol) with 96% similarity. A peak at 13.29 min, with 94% similarity, was identified as hexadecanol (cetyl 

alcohol). Hexadecanoic acid (methyl palmitate) was present and was shown to elute at a retention time of 13.41 min 

with 270 Da and 89% similarity. 

The compounds identified have been shown to have antioxidant, anti-inflammatory, and membrane-stabilizing 

activities and may have additional modulatory effects. The fatty acid esters and long chain alcohols are shown to 

enhance membrane permeability and may contribute to the biological activity of the formulation. 

The phytochemical, physicochemical, and GC-MS analyses showed that the active ingredients present have the 

potential to work synergistically. It is therefore proposed that the combination of hydrolysable tannins from T. chebula, 

medium-chain fatty acids, and lipid-soluble antioxidants in VCO can be used to modulate inflammatory pathways in 

ALI. 

 

3.5 In Silico Physicochemical Properties 

The study analyzed thirty phytoconstituents of T. chebula and VCO. The study noted the following differences in the 

physicochemical properties of the compounds: molecular weight and lipophilicity, polarity, and blood-brain barrier 

(BBB) permeability (Table 5). 

It was noted that hydrolysable tannins such as chebulagic acid, Chebulinic acid, punicalagin, terchebulin, terflavin A, 

terflavin B, and tannic acid had high molecular weights (MM) of 634 to 1701 Daltons and TPSA values of greater 

than 300 A^2. These hydrolysable tannins showed a number of Lipinski violations and low BBB permeability, 

indicating limited bioavailability. In contrast, gallic acid, ethyl gallate, kaempferol, and quercetin, isorhamnetin, 

ferulic acid, and caffeic acid, showed molecular weights less than 350 Daltons and had no Lipinski violations, 

indicating good drug-like qualities. Kaempferol, quercetin, and isorhamnetin, had log P values in the range of 1.9 to 

2.3 and BBB permeability of about -1, indicating good membrane permeability. 

From the compounds derived from VCO, lauric acid, capric acid, caprylic acid, oleic acid, linoleic acid, and 

monolaurin had low TPSA values and good lipophilic characteristics indicating good membrane permeability. It was 

noted that tocopherols had the highest bioavailability by virtue of their BBB permeability (0.739). 

 

3.6 In-Silico ADME Analysis 

As illustrated in Table 6, ADME analysis indicates that hydrolysable tannins have low values of predicted 

gastrointestinal absorption and are classified as P-glycoprotein substrates which may restrict their systemic 

availability. The bioavailability of hydrolysable tannins is in the range of 0.11 to 0.17, exhibiting low oral 

bioavailability. On the other hand, gallic acid, ethyl gallate, kaempferol, quercetin, isorhamnetin, and ferulic and 

caffeic acid showed gastrointestinal absorption and Caco-2 permeability values and bioavailability” scores ranging 

from 0.55 to 0.85, indicating good absorption and bioavailability. 

ADME analysis of fatty acids showed that VCO and its fatty acid derivatives, such as lauric acid, capric acid, palmitic 

acid, stearic acid, oleic, and linoleic acid, exhibited high gastrointestinal absorption and bioavailability of 0.85. With 

respect to the pharmacokinetics of the other compounds that were analyzed in this study, it was predicted that most of 

the compounds are not hepatotoxic, with the exception of arjungenin, which was predicted to be hepatotoxic. None of 

the selected compounds were predicted to inhibit CYP2D6, therefore reducing the risks for in vivo drug-drug 

interactions. 

Based on the results of the ADME analysis, the most promising compounds are kaempferol, quercetin, isorhamnetin, 

ferulic acid, caffeic acid, gallic acid, ethyl gallate, lauric acid, capric acid, linoleic acid, monolaurin, and tocopherols, 

due to their high “gastrointestinal absorption and bioavailability and predicted lack of toxicity. All of these compounds 

were therefore selected for further molecular docking studies to target and interact with the inflammatory pathways 

of ALI. 

In-silico ADME prediction revealed significant difference in the pharmacokinetics of phytoconstituents (Table 6). 

Majority of hydrolysable tannins (chebulagic acid, chebulinic acid, corilagin, punicalagin, chebulanin, terchebulin, 

terflavin A, terflavin B, and tannic acid) were poorly absorbed in the GI tract, major P-glycoprotein substrates, with 

poor bioavailability (0.11–0.17), thus implying that although biologically active, they are poorly absorbed in vivo. On 

the other hand, flavonoids and phenolic acids including quercetin, kaempferol, isorhamnetin, gallic acid, ferulic acid, 

caffeic acid, and ethyl gallate showed high gastrointestinal absorption, good permeation through Caco-2 cells, good 

bioavailability (0.55–0.85), and non-hepatotoxicity. Also, majority of medium chain fatty acids in VCO such as lauric 
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acid, capric acid, caprylic acid, oleic acid, linoleic acid, and monolaurin had favourable ADME attributes with high 

gastrointestinal absorption and bioavailability. Majority of compounds did not inhibit CYP3A4 and CYP2D6 

enzymes, thus posing less risk of drug–drug interaction, except arjungenin which was predicted to be hepatotoxic. 

Overall, the ADME profiling suggested that quercetin, kaempferol, isorhamnetin, gallic acid, ferulic acid, caffeic acid, 

lauric acid, capric acid, linoleic acid, monolaurin 

 

3.7 Molecular Docking Analysis: 

This molecular docking study aimed to understand how the non-toxic phytoconstituents of T. chebula and VCO bind, 

interact, and potentially inhibit two key inflammatory biomolecules, namely, Nuclear Factor Kappa-B (NF-κB; PDB 

ID: 1NFK) and Human Tryptase (PDB ID: 1NFK and 2ZA5). Parameters such as binding affinity (kcal/mol), 

inhibition constant (Ki), and hydrogen bond interactions were evaluated to determine the relative anti-inflammatory 

potential of the tested phytochemicals. The findings are presented in Tables 7 and 8. The 2D and 3D representations 

of the docking studies of the non-toxic phytoconstituents of T. chebula and VCO against NF-κB and Human Tryptase 

are illustrated in Figures 1 to 30. 

3.7.1 Docking against Nuclear Factor Kappa-B (NF-κB, PDB ID: 1NFK) 

From the docking studies of NF-κB (PDB ID: 1NFK), it was found that there was no uniformity in the binding 

affinities of the phytoconstituents (Table 7). Quercetin was found to be the most strongly interacting phytoconstituent 

with NF-κB, with a binding affinity of -7.78 kcal/mol and an inhibition constant of 2.0 nM. Quercetin was also found 

to form six hydrogen bonds with NF-κB at the following residues: SER40, SER34, GLY14, SER25, ARG18, and 

GLY28. 

Linoleic acid showed excellent binding with a docking score of -7.34 kcal/mol, an inhibition constant of 4.17 nM, and 

formed interactions with HIS26 and ARG18. The binding affinity of isorhamnetin was -7.32 kcal/mol, and a Ki of 

4.32 nM, with formation of hydrogen bonds with CYS78, LYS76, ALA97, and VAL93. Oleic acid and Kaempferol 

showed binding affinities of -7.10 kcal/mol, and inhibition constants of 6.28 nM, and 6.22 nM, respectively. 

Kaempferol interacted with GLY95, CYS78, LYS76, and ASN98, while oleic acid interacted with HIS26 and ARG18. 

Among the phenolic acids, caffeic acid showed a better binding score of -6.20 kcal/mol than ferulic acid (-6.04 

kcal/mol), and gallic acid (-5.81 kcal/mol). Caffeic acid interacted with HIS26, ARG18, and GLY28, while ferulic 

acid interacted with LYS234, LYS203, ASN209, and LYS209. Gallic acid interacted with LYS234, LYS203, 

SER202, ASN209, and SER208, and although its docking score is the lowest, it suggests the most stabilization of all 

the phenolic acids. The fatty acids of VCO showed moderate binding. Capric acid, tocopherols, caprylic acid, and 

lauric acid showed binding affinities of -6.15, -6.13, -5.88, and -5.85 kcal/mol, respectively. Monolaurin, and ethyl 

gallate, showed the weakest binding affinities of -4.98 and -4.47 kcal/mol, respectively. 

The reference drug dexamethasone had a derived binding strength of −5.61 kcal/mol with an inhibition constant of 

76.6 nM and formed hydrogen bonds with ASN62 and ARG13. Interestingly, a number of phytoconstituents including 

quercetin, linoleic acid, isorhamnetin, kaempferol, oleic acid, caffeic acid, capric acid, ferulic acid, and tocopherols, 

had better docking scores than dexamethasone suggesting that these may be better NF-κB inhibitors.33 

3.7.2 Docking against Human Tryptase (PDB ID: 2ZA5) 

From the phytoconstituents examined, numerous compounds showed a strong binding affinity toward human tryptase, 

as evidenced by the docking study (Table 8). Isorhamnetin had the best binding affinity of all of the compounds 

examined, with a value of -8.94 kcal/mol and interactions with ASP49, LYS51, VAL46, PRO48, HIS80, and ILE77. 

This was the second best binding affinity and was accomplished by quercetin (-8.86 kcal/mol) and kaempferol (-8.75 

kcal/mol). With respect to the active site, quercetin formed hydrogen bonds with PRO48, ILE77, VAL46, PHE83, 

ASP49, and LYS51, while kaempferol and PRO242, With a binding affinity of −8.23 kcal/mol, tocopherols formed 

hydrogen bonds with VAL59, ILE77, LYS51, and PRO48. Monolaurin scored a favorable docking score of −7.63 

kcal/mol, with an exceptionally low inhibition constant of 2.55 nM, formed interactions with GLN191, ARG138, 

ASP132, and CYS190, indicating excellent inhibitory potential. Among the fatty acids, capric and linoleic acids, with 

a binding affinity of −6.38 kcal/mol, were followed by gallic and oleic acids with −6.57 and −6.53 kcal/mol, 

respectively. These compounds predominantly formed interactions with LYS201, TRP206, LYS11, and other adjacent 

residues. Caffeic and ferulic acids and caprylic acid bound in the range of −5.71 to −6.07 kcal/mol, while lauric acid 

and ethyl gallate showed poor interactions with docking scores of −4.84 and −4.45 kcal/mol, respectively. 

Dexamethasone, as a reference ligand, showed a binding affinity of −6.90 kcal/mol and an inhibition constant of 8.8 

nM with the interaction of TYR232. In comparison, isorhamnetin, quercetin, kaempferol, tocopherols and monolaurin 

exhibited better binding affinities, indicating their potential of stronger binding to human tryptase and potential as 

anti-inflammatory compounds.34 

 

4. DISCUSSION  

ALI leads to lung impairment and alveolar epithelial damage from prolonged activation of signalling pathways caused 

by inflammatory mediators and oxidative stress. The complexity of ALI has led to the development of therapies 

targeting multiple pathways employing different natural products. This study aimed to evaluate the potential of T.” 
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chebula and VCO to synergistically inhibit inflammatory pathways by integrating phytochemical, physicochemical, 

GC–MS, ADME, and molecular docking studies.35 The results indicate that the phytoconstituents of the two natural 

products had excellent drug-like properties and the potential to target key inflammatory mediators of ALI. Preliminary 

phytochemical screening demonstrated that T. chebula is abundant in phenols, flavonoids and steroids, and has 

tannins, terpenoids, and coumarins, while VCO is rich in flavonoids, phenolics, fatty acids and terpenoids along with 

tocopherols, steroids and glycosides. Presence of these classes of constituents is of “particular interest because 

polyphenols and flavonoids are well-known as inhibitors of inflammatory signaling pathways, and medium-chain fatty 

acids and tocopherols have important roles in membrane stabilization and defense against oxidative stress. The 

available literature suggests that the polyphenolic constituents inhibit some of the NF-κB and MAPK pathway 

activations as well as the NLRP3 inflammasome, and consequently, the production of the inflammatory cytokines 

TNF-α, IL-1β and IL-6. Additionally, the tocopherol and fatty acid constituents exert antioxidant effects by scavenging 

free radicals and by maintaining cellular membrane integrity. The phytochemical constituents evaluated in this study 

therefore, provide an excellent scientific rationale for the proposed additive anti-inflammatory effects of this combined 

therapy. 

The physicochemical assessment also verified the quality and authenticity of the chosen materials. The presence of 

medicinal polyphenols in T. chebula, which are of voluminous medicinal importance, can be attributed to the moisture 

content, ash values, high extractive values, and abundant tannin contents. VCO contains very low moisture content 

and acid values indicating hydrolytic degradation of VCO is minimal and the VCO possesses very good oxidative 

stability. Also, these parameters satisfying the pharmacopoeial standards preserve bioactive constituents during the 

storage of the formulation, thus enhancing the reproducibility of the formulation and the reliability of the therapeutic 

effect. 

GC–MS analysis showed the presence of long-chain alcohols, fatty acid esters, and saturated fatty acid derivatives 

among the active constituents. This analysis showed that methyl palmitate, hexadecanol, pentadecanol, isopropyl 

myristate, and hexadecanol are linked to antimicrobial, anti-inflammatory, membrane-protective, and antioxidant 

activities. The presence of these lipid-derived compounds and tannins and phenolic compounds suggests that there is 

a synergistic effect in which polyphenols inhibit inflammatory mediators and the lipid constituents improve membrane 

permeability and enhance cellular absorption of the compounds. The synergistic effect is recognized to be important 

in the development of phytopharmaceuticals to enhance the therapeutic effect of the formulation.37 

ADME and Drug-likeness assessments are a necessary part of identifying and optimizing lead compounds in early 

stage drug discovery. Although a number of hydrolysable tannins have shown biological activity, the hydrolysable 

tannins displayed high molecular weights, high TPSA, and multiple Lipinski’s rule violations, showing poor intestinal 

absorption and, as a result, poor systemic bioavailability. These results are in line with previous studies that have 

shown the large polyphenolic compounds have poor membrane permeability, despite their biological activity. In 

contrast, the polyphenols quercetin and kaempferol, along with isorhamnetin, methylecaffeate, ferulic acid, gallic acid, 

and ethyl gallate, fulfilled Lipinski’s rule of five, exhibited good intestinal absorption and permeability through Caco-

2 cells, and had good bioavailability and no hepatotoxicity.38 In addition, the medium-chain fatty acids from VCO 

showed high predicted intestinal absorption and bioavailability, and so are good candidates for use in therapeutic 

applications. 

While high-molecular-weight tannins may have strong biological activities, these observations suggest that smaller 

phenolic molecules and fatty acid derivatives may be more promising tobe drug leads. 

Molecular docking with NF-κB (PDB ID: 1NFK) revealed that many phytoconstituents have the potential to interact 

with the transcription factor that regulates the expression of inflammation-related genes. Out of all the tested 

compounds, quercetin had the highest binding affinity at -7.78 kcal/mol. This was followed by linoleic acid at -7.34 

kcal/mol, isorhamnetin at -7.32 kcal/mol, kaempferol at -7.10 kcal/mol, and oleic acid at -7.10 kcal/mol. All of these 

compounds formed several hydrogen bonds with key amino acid residues of NF-κB (ARG18, HIS26, SER25, SER34, 

SER40, GLY14, CYS78, and LYS76), which indicates the formation of stable ligand-protein complexes. It is worth 

noting that several of these phytoconstituents had stronger binding affinities to NF-κB than the anti-inflammatory drug 

dexamethasone, which may indicate that they have a stronger potential to inhibit the activation of NF-κB compared 

to dexamethasone. Given that NF-κB is the primary regulator of all pro-inflammatory cytokines during ALI, the 

inhibition of NF-κB may help prevent the recruitment of pro-inflammatory cells to the lungs, decrease the release of 

inflammatory cytokines, and reduce the damaging effects of inflammation to the lungs. Human tryptase is another 

important target of interest due to its implication in mast cell activation, increased vascular permeability, 

bronchoconstriction and inflammation of the lungs. Docking studies of human tryptase revealed stronger interactions 

than those of NF-κB. The highest binding affinity was that of isorhamnetin at -8.94 kcal/mol, followed by quercetin 

at -8.86 kcal/mol, kaempferol at -8.75 kcal/mol, tocopherols at -8.23 kcal/mol, and monolaurin at -7.63 kcal/mol. All 

of these compounds interacted 

Inhibition of human tryptase activity may minimize mast cell-related inflammatory response and lessen pulmonary 

oedema caused by ALI.39,40 The strong interactions of the flavonoids with lipid-derived components support the idea 

of the combined formulation having a synergistic effect of multi-target inhibition on inflammation. 
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One of the most important results in this study is that the strongest inhibitors of both NF- κB and human tryptase were 

identified as flavonoids. Fatty acids were shown to be of importance in the development of favourable 

pharmacokinetics and also related anti-inflammatory actions. This suggests a complementary activity of the two 

sources. It was shown that T. chebula has potent polyphenolic inhibitors of inflammatory pathway signalling, and that 

VCO has highly bioavailable lipid component(s) that may enhance membrane permeability, increase the stability of 

the active compounds, provide an additional protective effect against oxidative damage, and exert a synergistic multi-

target effect. It was shown that this type of synergistic effect is advantageous in the treatment of many complex 

inflammatory diseases, such as ALI, in which the inhibition of several interdependent pathways of inflammation is 

more therapeutically relevant than that of a single pathway. Even though there is a strong basis for the anti-

inflammatory activity of the two substances used in combination, there are some limitations to this study. In-silico 

ADME predictions must be validated experimentally. In order to extend this work to the clinic, a rational approach 

would be to perform the studies that are mentioned above. However, the work presented here is a good basis for the 

use of VCO and T. chebula. 

 

5. CONCLUSION  

This study demonstrated the ability of T. chebula and VCO as complementary agents to manage ALI by targeting 

multiple anti-inflammatory pathways. Phytochemical screenings and GC-MS analyses showed high concentrations of 

polyphenols, flavonoids, tannins, medium chain fatty acids, tocopherols, and other active agents having inflammation 

and oxidation related bioactivities. In addition, the computational analyses of the physicochemical and ADME 

properties showed that some of the identified constituents, in particular quercetin, kaempferol, isorhamnetin, caffeic 

acid, ferulic acid, gallic acid, linoleic and oleic and capric and lauric acid, and tocopherols, had drug like properties, 

good biopharmaceutical potential, and low toxicity. From the results of molecular docking studies, quercetin was the 

strongest NF-κB inhibitor, whereas isorhamnetin, was the strongest binder to human tryptase. Several 

phytoconstituents showed stronger binding affinities than dexamethasone and therefore have the potential to inhibit 

the primary inflammatory pathways related to ALI. The combination of polyphenolic constituents of T. chebula and 

the lipids of VCO, highly complements one another and provides a synergistic effect to therapy by that targets 

inflammatory pathways, while simultaneously reducing oxidative stress and stabilizing cellular membranes. 

The current study provides solid groundwork for the first phytopharmaceutical formulation combining T. chebula and 

VCO as a potential solution for inflammatory pulmonary conditions. Further studies involving molecular dynamics 

simulations, in vitro studies, mechanisms of action, and pharmacological research in proposed models of ALI and 

subsequent clinical studies are necessary to assess the potential of this synergistic formulation” as a natural product 

for anti-inflammatory purposes. 
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Tables 

Table 1. PreliminaryPhytochemical Screening of T. chebula Extract 

S.NO. Chemical 

Constituents 

Identification 

Test 

Results of Ethanolic 

Extract 

1 Alkaloids Mayer’s Test Present 

2 Steroids Liebermann Test Present 
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3 
Flavonoids Hydrochloric      acid Present 

4 Saponin Foam test Absent 

5 
Phenols Ferric chloride test Present 

6 
Tannins Ferric chloride test Present 

7 Carbohydrates Molisch’s test Absent 

8 
Coumarins Ferric chloride test Present 

9 Cardiac glycosides Kellers-killani Test Absent 

10 Terpenoids Salkowiski Test Present 

11 Proteins Xanthoprotein test Present 

 

Table 2. Preliminary Phytochemical Screening of VCO 

S.NO. Chemical 

Constituents 

Identification 

Test 

Results 

1 Alkaloids Mayer’s Test Absent 

2 Flavonoids Hydrochloric      acid Present 

3 Phenolic Compounds 
Ferric chloride test 

Present 

4 Tannins Ferric chloride test Present 

5 Terpenoids 
Salkowiski Test 

Present 

6 Steroids 
Ferric chloride test 

Present 

7 Glycosides Kellers-killani Test Present 

8 Saponins 
Foam test 

Absent 

9 
Fatty Acids 

Copper Acetate Test 
Present 

10 Tocopherols (Vitamin E) Emmerie–Engel Reaction Present 

11 Proteins Xanthoprotein test Absent 

 

Table 3. Physicochemical Parameters of T. chebula Powder 

S. No. Parameter Result (% w/w) 

1 Loss on Drying (LOD) 6.12  

2 Total Ash 2.85 

3 Acid Insoluble Ash 1.30  

4 Water Soluble Extractive 62.32  

5 Alcohol Soluble Extractive 40.91 

6 pH (1% Solution) 3.8  

7 Foreign Matter 1.2 

8 Tannin Content 54mg/100 mg powder 

 

Table 4. Physicochemical Parameters of VCO 

S. No. Parameter Result (% w/w) 

1 Colour Colourless to Pale Yellow 

2 Odor Characteristic Coconut Aroma 

3 Moisture Content (%) 0.10 – 0.18 

4 Refractive Index (40°C) 1.448 – 1.450 

5 Acid Value (mg KOH/g) 0.35 



Genetics and Molecular Research 25 (15s): 2026               12 

Table 5. In Silico-Physicochemical parameters of T. chebula and VCO. 

S.No. Compounds TPSA Log P 
Molecular 

Weight 
nOH nOHNH nviolations nrotb 

BBB 

(log BB) 

01. Chebulagic acid 
447.09 -0.0017 954.664 13 26 0 5 -3.708 

02. Chebulinic acid 
447.09 0.0179 956.68 13 26 3 9 -4.459 

03. Gallic acid 
97.99 0.5016 170.12 4 5 0 1 -1.102 

04. Ellagic acid 
141.34 1.3128 302.19 4 8 0 0 -1.272 

05. Chebulic acid 
198.89 -0.3139 356.239 6 8 2 5 -1.786 

06. Corilagin 
310.66 -0.2965 634.455 11 18 3 2 -2.828 

07. Punicalagin 
526.60 1.8012 1084.72 17 30 3 2 -4.107 

08. Chebulanin 
313.57 -1.9451 652.47 9 19 3 6 2.581 

09. Terchebulin 
507.76 2.3783 1084.72 16 30 3 0 -4.345 

10. Terflavin A 
518.76 1.9782 1086.73 17 30 3 8 -4.897 

11. Terflavin B 
385.24 0.0348 784.54 13 22 3 8 -3.845 

12. Tannic acid 
444.18 4.8381 1701.206 25 46 3 16 -8.62 

13. Ethyl gallate 
86.99 0.9801 198.17 3 5 0 3 -1.098 

14. Kaempferol 
111.13 2.284 286.24 4 6 0 1 -0.939 

15. Quercetin 
131.36 1.988 302.24 5 7 0 1 -1.098 

16. Isorhamnetin 
120.36 2.291 316.26 4 7 0 2 -1.135 

17. Arjunglucoside I 
197.37 1.4061 666.84 8 11 3 5 -1.281 

18. Arjungenin 
118.22 4.1476 501.70 5 6 1 2 -0.802 

19. Lauric acid 
37.30 3.9919 200.32 1 2 0 10 0.057 

20. Myristic acid 
37.30 4.7721 228.37 1 2 0 12 -0.027 

21. Caprylic acid 
40.13 -1.8992 182.30 0 2 0 6 -0.108 

22. Capric acid 
37.30 2.8309 195.25 1 2 0 8 0.12 

23. Palmitic acid 
37.30 5.5523 256.42 1 2 1 14 -0.111 

24. Stearic acid 
37.30 6.3325 284.48 1 2 1 16 -0.195 

25. Oleic acid 
37.30 6.1085 282.46 1 2 1 15 -0.168 

26. Linoleic acid 
37.30 5.8845 280.45 1 2 1 14 -0.142 

27. Monolaurin 
66.76 2.8037 274.40 2 4 0 14 -0.658 
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28. Tocopherols 
29.46 8.5318 416.68 1 2 1 12 0.739 

29. Ferulic acid 
66.76 1.4986 194.18 2 4 0 3 -0.239 

30. Caffeic acid 
77.76 1.1956 180.16 3 4 0 2 -0.647 

 

Table 6.  In SilicoADME properties of T. chebula and VCO. 

S.No. Compounds 

GIA 

(% 

Absorbed) 

 

P-gp S 

 

CaCo2 

(log Papp 

in 10-

6 cm/s) 

CYP 

3A4 

CYP 

2D6 

Log Kp 

(-cm/s) 
BA Hepatotoxicity 

01. Chebulagic acid 
LOW YES -2.229 NO NO -2.735 0.11 NO 

02. Chebulinic acid 
low yes -2.242 no no -11.67 0.11 no 

03. Gallic acid 
high no -0.081 no no -2.735 0.56 no 

04. Ellagic acid 
no no 0.335 no no -5.76 0.55 no 

05. Chebulic acid 
low no -1.258 no no -9.05 0.11 no 

06. Corilagin 
low yes -1.337 no no -10.12 0.17 no 

07. Punicalagin 
low yes -2.224 no no -10.29 0.17 no 

08. Chebulanin 
low yes -1.182 no no -11.47 0.11 no 

09. Terchebulin 
low yes -2.096 no no -9.90 0.17 no 

10. Terflavin A 
low yes -2.429 no no -9.88 0.17 no 

11. Terflavin B 
low yes -1.939 no no -9.49 0.17 no 

12. Tannic acid 
Low yes -3.581 no no -9.49 0.17 no 

13. Ethyl gallate 
high no -0.004 no no -6.59 0.55 no 

14. Kaempferol 
high no 0.032 no no -6.67 0.55 no 

15. Quercetin 
high no -0.229 no no -7.01 0.55 no 

16. Isorhamnetin 
high no -0.003 no no -6.87 0.55 no 

17. 
Arjunglucoside 

I 

low yes -0.611 yes no -8.46 0.17 no 

18. Arjungenin 
high yes 0.401 yes no -6.18 0.56 yes 

19. Lauric acid 
high no 1.562 no no -4.54 0.85 no 

20. Myristic acid 
high yes 1.56 no no -3.35 0.85 no 

21. Caprylic acid 
high no 1.453 No  no -4.41 0.55 no 

22. Capric acid 
high no 1.571 no no -4.59 0.85 no 

23. Palmitic acid 
high no 1.558 yes no -2.77 0.85 no 
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24. Stearic acid 
high no 1.556 Yes  no -2.19 0.85 no 

25. Oleic acid 
high no 1.563 yes no -2.60 0.85 no 

26. Linoleic acid 
high no 1.57 yes no -3.05 0.85 no 

27. Monolaurin 
high no 0.69 no no -5.02 0.55 no 

28. Tocopherols 
low yes 1.458 yes no -1.51 0.55 no 

29. Ferulic acid 
high no 0.176 no no -6.41 0.85 no 

30. Caffeic acid 
high no 0.634 no no -6.58 0.56 no 

*GIA - Gastrointestinal Absorption ; P - gp S - P glycoprotein Substrate ;  Log Kp - Skin Permeability;  BA – Bioavailability 

 

Table 7. Binding Affinity and Interaction of Non-Toxic T. chebula and VCO targeting Nuclear Factor 

Kappa-B (Nf-Kb) 

 

 

COMPOUND NAME BINDING 

AFFINITY 

PDB ID: 1NFK 

(-Kcal/mol) 

INHIBITION 

CONSTANT (nm) 

HYDROGEN BOND 

INTERACTIONS 

CAFFEIC ACID 6.2 28.47 HIS 26, ARG 18, GLY28 

CAPRIC ACID 
6.15 31.06 LYS 76, HIS 77 

CAPRYLIC ACID 5.88 48.61 LYS 234,LYS 203 

ETHYL GALLATE 4.47 526 ASP 168, ASN 62, ASN 65, 

LYS 64,GLU 166 

FERULIC ACID 6.04 37.44 LYS 234, LYS 203, ASN 209 

GALLIC ACID 5.81 54.87 LYS 234, LYS 203, SER 202, 

ASN 209, SER 208 

ISORHAMNETIN 7.32 4.32 CYS 78, LYS 76, ALA 97, VAL 

93 

KAEMPFEROL 7.1 6.28 GLY 95, CYS 78, LYS 76, ASN 

98 

LAURIC ACID 5.85 51.46 LYS 203 

LINOLEIC ACID 7.34 4.17 HIS 26, ARG 18 

MONOLAURIN 4.98 224.51 LEU 29, ASN 98 

OLEIC ACID 7.1 6.22 HIS 26, ARG 18 

QUERCETIN 7.78 2.0 SER 40, SER 34, GLY 14, SER 

25, ARG 18, GLY 28 

TOCOPHEROLS 6.13 31.91 VAL 235 

DEXAMETHASONE 5.61 76.6 ASN 62, ARG 13 



Genetics and Molecular Research 25 (15s): 2026               15 

Table 8. Binding Affinity and Interaction of Non-Toxic T. chebula and VCO targeting human tryptase 

 

 

Figures 

 
Fig 1. 2D and 3D Visualization of Caffeic Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 

COMPOUND NAME BINDING 

AFFINITY 

PDB ID: 2ZA5 

(-Kcal/mol) 

INHIBITION 

CONSTANT (nm) 

HYDROGEN BOND 

INTERACTIONS 

Caffeic Acid 5.71 65.39 LYS 201, TRP 206, LYS 11, 

SER 10 

Capric Acid 
6.38 20.92 LYS 201, TRP  206, LYS 11 

Caprylic Acid 6.07 35.63 TRP 206,  LYS 201, LYS 11 

Ethyl Gallate 4.45 549.46 PRO 73 

Ferulic Acid 5.72 63.68 LYS 11, LYS 201 

Gallic Acid 6.57 15.18 LYS 201, TRP 206, LYS 11, 

SER 10, TRP 12 

Isorhamnetin 8.94 280.27 ASP 49, LYS 51, VAL 46, PRO 

48, HIS 80, ILE 77 

Kaempferol 8.75 387.1 PRO 242, HIS 35, THR 109, 

LEU 112 

Lauric Acid 4.84 282.65 ASP 136, ASN 135, CYS 190, 

CYS 218 

Linoleic Acid 6.38 20.91 PRO 224, GLU 216, ASP 159, 

CYS 158 

Monolaurin 7.63 2.55 GLN 191, ARG 138, ASP 132, 

CYS 190 

Oleic Acid 6.53 16.34 TRP 206, LYS 11, LYS 201 

Quercetin 8.86 320.97 PRO 48,  ILE 77, VAL 46, PHE 

83, ASP 49, LYS 51. 

Tocopherols 8.23 928.79 VAL 59, ILE 77, LYS 51, PRO 

48 

Dexamethasone 6.9 8.8 TYR 232 
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Fig 2. 2D and 3D Visualization of Capric Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 3. 2D and 3D Visualization of Caprylic Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 4. 2D and 3D Visualization of Ethyl Gallate Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 5. 2D and 3D Visualization of Ferulic Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 
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Fig 6. 2D and 3D Visualization of Gallic Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 7. 2D and 3D Visualization of Isorhamnetin Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 8. 2D and 3D Visualization of Kaempferol Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 9. 2D and 3D Visualization of Lauric Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 
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Fig 10. 2D and 3D Visualization of Linoleic Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 
Fig 11. 2D and 3D Visualization of Monolaurin Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 12. 2D and 3D Visualization of Oleic Acid Targeting Nuclear Factor Kappa-B (Nf-Kb) 
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Fig 13. 2D and 3D Visualization of Quercetin Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 14. 2D and 3D Visualization of Tocopherol Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 

 
Fig 15. 2D and 3D Visualization of Dexamethasone Targeting Nuclear Factor Kappa-B (Nf-Kb) 

 
Fig 16. 2D and 3D Visualization of Caffeic Acid Targeting Human Tryptase 
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Fig 17. 2D and 3D Visualization of Capric Acid Targeting Human Tryptase 

 
Fig 18. 2D and 3D Visualization of Caprylic Acid Targeting Human Tryptase 

 

 

 

 

 
Fig 19. 2D and 3D Visualization of Ethyl Gallate Targeting Human Tryptase 

 
 

Fig 20. 2D and 3D Visualization of Ferulic Acid Targeting Human Tryptase 
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Fig 21. 2D and 3D Visualization of Gallic Acid Targeting Human Tryptase 

 

 

 
Fig 22. 2D and 3D Visualization of Isorhamnetin Targeting Human Tryptase 

 
 

Fig 23. 2D and 3D Visualization of Kaempferol Targeting Human Tryptase 

 
Fig 24. 2D and 3D Visualization of Lauric Acid Targeting Human Tryptase 
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Fig 25. 2D and 3D Visualization of Linoleic Acid Targeting Human Tryptase 

 
Fig 26. 2D and 3D Visualization of Monolaurin Targeting Human Tryptase 

 

 
Fig 27. 2D and 3D Visualization of Oleic Acid Targeting Human Tryptase 
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Fig 28. 2D and 3D Visualization of Quercetin Targeting Human Tryptase 

 
Fig 29. 2D and 3D Visualization of Tocopherol Targeting Human Tryptase 

 

 
Fig 30. 2D and 3D Visualization of Dexamethasone Targeting Human Tryptase 

 

 

 


