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Introduction  

Over the past 30 years, the prevalence of asthma cases 

globally has risen from 226.9 to 262.41 million and deaths are estimated 

to be 461.07 thousand.1 Asthma is characterized by airway 

inflammation causing symptoms such as wheezing, shortness of breath, 

chest tightness, and coughing.2,3 Historically, asthma is classified into 

two forms: allergic, triggered by dust, pollen, and animal dander, for 

example and non-allergic, triggered by glycolipids, pollutants, and 

microbes.3 Once the triggers enter the body, an immune response is 

produced, leading to inflammation and airway remodeling. Asthma’s 

immune response is initiated by activating immune cells. This initial 

response releases pro-inflammatory cytokines, including tumor 

necrosis factors-alpha (TNF-α) and interleukin-1beta (IL-1β), by mast 

cells, macrophages, and dendritic cells to prevent further asthma 

exacerbation. 
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These cytokines are essential in recruiting eosinophils and neutrophils 

to the airways, promoting inflammatory response.4,5 As the asthma 

inflammation persists, TGF-β through TGF-β receptor one kinase 

(TGFBR1) will mediate airway remodeling by modulating fibroblast 

proliferation and collagen deposition, causing the airway wall to 

thicken.6 In a parallel way, part of the endocannabinoid system, the 

cannabinoid 1 (CB1) and CB2 receptors, contribute to 

neuromodulators’ immune response through neural pathways.7,8 The 

pro-inflammatory cytokines and endocannabinoid system’s targets are 

interconnected in the immune response of asthma inflammation (Figure 

1).  

Inhaled corticosteroids (ICS) like budesonide are the mainstay of long-

term asthma control treatment. In some cases, oral corticosteroids 

(OCs), such as prednisolone are needed to manage acute exacerbations.9 

Glucocorticoid receptor (GR) is targeted by corticosteroids to reduce 

inflammation by activating anti-inflammatory genes and suppressing 

pro-inflammatory genes.10 However, prolonged use of corticosteroids 

can cause side effects, such as osteoporosis, immunosuppression, and 

weight gain.11 These side effects are related to the interaction of drug 

compounds with molecular targets (Table 1). This issue highlights the 

need for alternative therapies. In this context, cannabidiol, 

andrographolide, and eucalyptol compounds that have shown promising 

results in managing asthma-related inflammation.8,11–14 

To investigate alternative therapies to manage asthma exacerbation, in 

silico methods have become invaluable tools for evaluating potential 

compounds, offering rapid, effective, and economical tool for 
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Corticosteroids are among the most common therapies for asthma-controlled treatment but, due 

to their side effects, alternative therapies are being developed. This in silico study intends to 

identify the distinct anti-asthma inflammatory activity of corticosteroids (budesonide and 

prednisolone) to herbal compounds (cannabidiol, andrographolide, and eucalyptol) toward GR, 

CB1R, CB2R, TNF-α, IL-1β, and TGFBR1 targets. In silico studies were carried out using 

PLANTS and AutoDock software. Additional software such as YASARA, MarvinSketch, 

BIOVIA Discovery Studio Visualizer, and PyMol were used for docking preparation and 

visualization. RStudio was used to perform multivariate analysis of binding affinity values. 

ADME characteristics were predicted using pkCSM. Both docking applications identified the 

TNF-α-eucalyptol interaction as the weakest binding affinity and the CB2-reference exhibited the 

strongest. The highest binding scores in PLANTS and AutoDock were -133.38 and -13.75 

kcal/mol, respectively, while the lowest were -48.12 and -4.19 kcal/mol. Budesonide and 

prednisolone's binding activities were closest to cannabidiol and andrographolide 

(similarity>73%). In comparison to other chemicals, eucalyptol has demonstrated the most distinct 

affinity to the targets (similarity<50%). From all the ligands’ ADME characteristics, prednisolone 

potentially offers the most comprehensive benefits in asthma inflammation treatment, although 

with higher risk of side effects than budesonide. On the other hand, the herbal compounds 

demonstrate profiles suitable for systemic therapy, with differences in distribution and clearance 

that influence their action and side effects. In conclusion, the herbal compounds could be 

alternative therapies to budesonide and prednisolone in asthma. However, eucalyptol predictably 

has lower activity.  
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development of new drugs.15 PLANTS and AutoDock were used in the 

silico analysis to simulate the binding affinities and interactions 

between compounds and key targets involved in asthma inflammation. 

To further analyze the molecular docking results, multivariate analysis 

was applied to uncover deeper data patterns and simplify complex 

datasets. Principal component analysis (PCA) and hierarchical cluster 

analysis (HCA) were used to provide different perspectives. PCA 

simplified the multivariate data by reducing its dimensions based on its 

principal components (PCs). PCs maintain the most significant degree 

of variance from the data collection and are orthogonal to each other.16 

On the other hand, HCA provides a mechanism to classify the data 

based on similarity. By integrating a dual docking method and 

multivariate analysis, this study aims to compare the effectiveness and 

potential side effects of conventional drugs (budesonide and 

prednisolone) and herbal compounds (cannabidiol, andrographolide, 

and eucalyptol) based on their binding activity through targeted 

receptors that involved in asthma inflammation.  

Table 1: Molecular Docking’s Key Targets 

Target Contribution in Asthma Inflammation Potential Side Effect Involves 

Glucocorticoid Receptor (GR) Activate anti-inflammatory genes and suppress pro-

inflammatory genes.10 

Osteoporosis, immunosuppression, and 

weight gain.52–54 

Cannabinoid 1 receptor (CB1R) Potentially promotes the release of pro-

inflammatory mediators8 

Osteoporosis, weight gain.55,56 

Cannabinoid 2 receptor (CB2R) Regulates the activation of ILC2s (innate lymphoid 

cells), key players in airway inflammation7 

Immunosuppression.57 

Tumor Necrosis Factor-Alpha (TNF-α) Modulator of pro-inflammatory cytokines release, 

activate eosinophils and neutrophils.5 

Osteoporosis, immunosuppression, 

weight gain.58–60 

Interleukin-1 Beta 

(IL-1β) 

Initiating release of other pro-inflammatory factors, 

promoting eosinophils and neutrophils.61 

Osteoporosis, immunosuppression.62,63 

Transforming Growth Factor-Beta Receptor 1 kinase 

(TGFBR1) 

Modulates fibroblast proliferation and collagen 

deposition, according to differentiation in airways.6 

Osteoporosis, immunosuppression.64,65 

 

Materials and Methods 

Molecular Docking  

Proteins Preparation 

The 3D structures of the targets were obtained from a protein data bank 

(https://www.rcsb.org) with the PDB IDs 6EL9 (GR), 5U09 (CB1R), 

6KPC (CB2R), 6X81 (TNF-α), 8C3U (IL-1β), and 1PY5 (TGFBR1).  

Different protein formats were needed to simulate molecular docking 

tests using the Protein-Ligand ANT System (PLANTS) and AutoDock 

4.2.6, along with AutoDock Tools 1.5.6. In the PLANTS simulation, 

the protein used was in .mol2 format. YASARA version 10.1.8, as an 

additional software was used to remove unnecessary molecules and to 

add hydrogen atoms, leaving only the selected protein chain and its 

residues in .mol2 file format, which was then used for docking tests.17 

Meanwhile, BIOVIA Discovery Studio Visualizer v.24.1.0.23298 was 

used to remove water molecules and to select the desired protein chain 

for AutoDock simulation. The edited structure was saved in .pdb file 

format. When opening the .pdb file in AutoDock, Kollman charges and 

polar hydrogens were added and saved in .pqbqt format for further 

simulation.18 

 

Ligands Preparation 

Ligand compounds cannabidiol, andrographolide, eucalyptol, 

budesonide, and prednisolone were obtained from PubChem 

(https://pubchem.ncbi.nlm.nih.gov). Ten poses in .mol2 format were 

required for the PLANTS simulation and created using the 

MarvinSketch 5.2.5.1 application. Before generating the conformers, 

the ligand was set to pH 7.4 to match the body’s physiological pH.19 For 

AutoDock simulation, the 3D molecules downloaded in PubChem were 

modified in PyMol 2.5.8 to provide the structures in .pdb format. 

Gasteiger charges for the ligand compound were computed using 

AutoDock and all hydrogen atoms were added. Non-polar hydrogens 

were merged and the remaining hydrogen atoms were deleted. At the 

end of the preparation, the number of torsions was adjusted, and the 

ligand was saved as a .pdbqt file.20,21 

 

Docking of Protein-Ligand and Docking Visualization 

Method validation is key to ensuring the reliability of docking method 

protocols. The root mean square deviation (RMSD) value between the 

reference ligand crystallographic pose and the re-docked pose must be 

less than 2 Å. The PLANTS docking system is based on the ants’ colony 

optimization (ACO) algorithm, which draws inspiration from real ants’ 

ability to obtain the quickest routes between their colony and food 

supply. PLANTS will provide conformation ranking from docking 

scores based on piecewise linear potential (PLP) and CHEMPLP 

scoring function. The scoring function will help to predict a protein’s 

active site based on the most favorable conformer interaction with the 

binding site.22,23 The RMSD of the top conformation docking pose from 

PLANTS with the reference ligand crystallographic structure was 

determined using YASARA. 

AutoDock 4.2 applies a grid-based method at different locations around 

the receptor to facilitate effective energy assessments during docking 

simulation. TNF-α used a 30x30x30 grid box, while the other targets 

used a 40x40x40 grid box. The grid spacing was set at 0.375 Å. To find 

the lowest energy configuration, the algorithm identifies 

conformational space to maximize the interaction of the ligand within 

the receptor binding site. The scoring function provides the binding free 

energy as a docking result using a semi-empirical function that blends 

a Lamarckian genetic algorithm with a free energy force field. To find 

the optimal ligand conformations,  the parameters were set to 100 

genetic algorithm (GA) runs and maximum number of evaluations 

(medium). The Lamarckian genetic algorithm will also considers 

intermolecular interactions, such as hydrogen bonds, van der Waals 

forces, and electrostatic interaction binding to determine the binding 

free energy.20,24,25 BIOVIA Discovery Studio Visualizer was used to 

view the binding interaction of ligand-amino residues. 

 

Multivariate Analysis of Docking Result 

Molecular docking binding affinity results were compiled into matrix 

for analysis using Principal Component Analysis (PCA) and 

Hierarchical Cluster Analysis (HCA).  The PCA results are presented 

as a biplot that provides a visual overview of each ligand’s interaction 

with the targets. Meanwhile, HCA facilitates the clustering in 

multivariate data by displaying the relationships between ligands as a 

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
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dendrogram. The PCA and HCA analyses were performed using the 

RStudio 2024.04.2+764 with R 4.4.1.  

 

Pharmacokinetic Predictions 

Ligand ADME or pharmacokinetic properties were predicted using the 

website pkCSM (https://biosig.lab.uq.edu.au/pkcsm/)26 and the ligand 

canonical SMILES were obtained from PubChem.  

 

Results and Discussion 

The in silico analysis process begins with method validation based on 

root mean square deviation (RMSD). Other parameters in the in silico 

testing include binding affinity and the interaction of ligands with 

amino acid residues of the target. The method validation result of the in 

silico study using PLANTS and AutoDock are detailed in Table 2. 

Based on the RMSD values less than 2Å, all the methods are valid.27 

RMSD values were calculated from the re-docked pose of the ligand to 

the native binding position within the target.28 A lower RMSD value 

reflects a ligand pose conformation closer to the native conformation.29 

The selected ligand conformation typically features the highest binding 

affinity towards the target. 

Table 2 also shows the binding affinities of proteins and selected ligands 

using PLANTS and AutoDock. PLANTS’s docking score for reference 

ligand interaction with targets ranges from -83.14 to -133.38, yet 

AutoDock has lower scores, from -8.80 to -13.75. The 8.7-fold higher 

scores in PLANTS than AutoDock are due to different scoring units. 

AutoDock calculates free binding energy (kcal/mol) represented by the 

predicted binding affinity and it gives insights into the thermodynamics 

of the interaction.30 Meanwhile, PLANTS does not directly correspond 

to an energy value but is empirical and focuses on the geometry of the 

protein-ligand interaction. The score does not have physical units but 

provides a relative pose ranking based on the binding’s quality.31 Thus, 

both docking results are normalized before proceeding with further 

multivariate analysis. This study normalized the data by expressing 

each ligand’s docking score as a relative percentage of the reference 

ligand’s score.  

Figure 2A, 2B, and 2C present principal component analysis (PCA) 

plots illustrating the distribution of ligands and targets across the four 

quadrants of the two-dimensional principal components (PC1 and PC2). 

These principal components capture the overall variability within the 

dataset, with PCA employed to reduce the dimensionality of docking 

data and highlight the differences in binding affinities of various 

protein-ligand interactions. In the PCA plot for PLANTS (Figure 2A), 

PC1 accounts for 76.82% of the total variance, while PC2 adds an 

additional 11.20%, resulting in 88.02% of the total variance explained 

by the first two components. As expected, PC1 captures the greatest 

variance, followed by PC2, which is orthogonal to PC1 and captures the 

second-highest variance. Conversely, the first two components of the 

AutoDock PCA plot demonstrate higher variance, with PC1 accounting 

for 89.76% and PC2 for 8.06%, bringing the total explained variance to 

97.82%. This indicates that, in AutoDock, differences in binding 

affinities across ligands are more consistently captured, requiring fewer 

components to explain nearly all the variance. Additionally, the 

AutoDock’s data shows a higher total variance explained compared to 

the normalized data (figure 2C), where PC1 and PC2 account for 87.5% 

and 7.09% of the variance, respectively, totaling 94.59%. 

Multivariate analysis involves investigates the similarity in 

effectiveness of drug compounds by comparing numerical binding 

affinity results obtained from molecular docking software. PCA 

graphics explore the potential mechanism by decreasing the dimensions 

of the interaction complexities, producing variance from the most 

dominant variable or binding patterns of docking score data.16 The 

squared cosine (cos2) values indicate how well each ligand is 

represented in the PCA model's principal components, based on 

PLANTS and AutoDock docking methods.32,33 The PCA plot's arrow 

directions provide insights into ligands' influence on target interactions. 

Cannabidiol and andrographolide exhibit a similar binding affinity 

pattern to budesonide and prednisolone, particularly towards the TNF-

α, IL-1β, and TGFBR1 targets. As shown in Figure 2B, these four 

compounds clustered in the positive PC1 and PC2 quadrants, similar to 

IL-1β, suggesting a comparable interaction profile.  A deeper look at 

Figures 2A and 2B, however, shows that prednisolone has a high 

representation in the PCA variance (Cos2>0.98) and a substantial 

correlation with IL-1β. Although budesonide and andrographolide 

exhibit a similar binding pattern towards TGFBR1 in Figure 2A, 

budesonide's Cos2 value (0.545) indicates that it contributes the least to 

the PCs. The binding behavior between these four compounds towards 

IL-1β and TGFBR1 shows distinct differences, as evidenced by the 

opposite positions of the targets in the PCA plot. Eucalyptol 

consistently shows a binding pattern through TGFBR1 as seen in 

Figures 2A and 2B, where both were positioned in the negative PC1 and 

PC2 quadrants. Notably, in AutoDock simulations, eucalyptol 

demonstrates the highest contribution to the variance, with a Cos2 value 

of 0.996. Across all ligands analyzed, their binding patterns appeared to 

be opposite to those of GR, CB1, and CB2 targets, although the in silico 

results indicate that each compound has a binding affinity above 60% 

to reference ligands. Nevertheless, budesonide and prednisolone 

display the closest binding pattern toward GR and CB1 targets (Figure 

2F). Therefore, all compounds possess potential binding capability to 

the targets, which may produce positive or negative effects.  

The potential ligand-target mechanisms from the PCA plots are 

generally aligned with the hierarchical cluster analysis (HCA) findings 

(Figures 2D, 2E, and 2F). Cannabidiol and andrographolide indicate 

potential effectiveness close to that of prednisolone, with a similarity 

level of over 85%. Budesonide also shows similar activity with the sub-

cluster of cannabidiol, andrographolide, and prednisolone, with a 

similarity level exceeding 73%. In contrast, eucalyptol is located far 

from the other compound clusters, demonstrating the most distinct 

activity with a less than 50% similarity. The observation is further 

supported by eucalyptol’s binding affinities toward the targets, which 

do not exceed 80% for reference ligands. 

Comparisons from the multivariate analysis were further analyzed by 

examining the interaction of amino acid residues in the protein-ligand 

complex (Table 3). Variation in amino acid residue interactions 

between a ligand and its target considerably impacts its stability, 

specificity, and binding affinity, which are factors determining its 

effectiveness.34 Derived from PLANTS and AutoDock molecular 

docking results, protein-ligand binding affinity scores (as percentages 

compared to reference ligands), suggest similarities between the 

reference ligand and conventional drugs in mechanism of treating 

asthma inflammation. The binding affinity similarity of budesonide and 

prednisolone exceeds 77% and the interaction of the amino acid 

residues involved also supports their similarities. 

The ligand-protein complex's binding energy is determined by the kinds 

and quantity of interactions.35 Hydrophobic and hydrogen bond 

interactions of protein-ligand complex in the protein binding sites 

impact all binding energy. Both of these interactions can improve the 

stability of protein-ligand interactions, causing a reduction in binding 

affinity value.36,37 Hydrogen bonds, which are the bonds that join 

hydrogen atoms in one molecule to other elements (N, O, and F) in other 

molecules, exhibit the strongest dipole-dipole force.38 Budesonide and 

prednisolone exhibit a balanced interaction pattern in the glucocorticoid 

receptor (GR), engaging both hydrophobic and hydrogen bond (H-

bond) interactions to residues (Leu563, Leu608, Met604, Met646,  

Leu563, and Met560). However, budesonide has one more hydrogen 

bonding with Phe623, like the native ligand, which enhances its 

compound binding stability. Cannabidiol, in contrast, has a limited 

number of hydrogen bonding (Leu563), which leads to a less stable 

binding profile. Compared to cannabidiol, andrographolide exhibits 

lower stability because it lacks some hydrophilic interactions. 

Eucalyptol shows the lowest binding affinity influenced by no H-bond 

interaction with amino acid residues. This pattern most likely emerges 

for other receptors. Eucalyptol is the compound that has the least similar 

amino acid interaction compared to conventional drugs, which is related 

to the HCA cluster.  

 

https://biosig.lab.uq.edu.au/pkcsm/


                               Trop J Nat Prod Res, February 2025; 9(2):  817 - 825                ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

820 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Table 2: In silico result (PLANTS docking score and AutoDock free energy binding (kcal/mol)) 

 RMSD (Å) Reference Cannabidiol Andrographolide Eucalyptol Budesonide Prednisolone 

BA %To Ref. BA %To Ref. BA %To Ref. BA %To Ref. BA %To Ref. BA %To Ref. 

GR (P) 1.09 -101.44 100 -90.86 89.57 -82.67 81.50 -56.77 55.96 -94.88 93.54 -88.04 86.79 

GR (A) 1.87 -11.66 100 -9.41 80.70 -10.04 86.11 -5.72 49.06 -11.96 102.57 -10.37 88.94 

CB1 (P) 1.12 -127.80 100 -90.13 70.52 -93.73 73.34 -60.90 47.65 -82.87 64.84 -78.41 61.35 

CB1 (A) 0.99 -12.55 100 -10.45 83.27 -11.29 89.96 -6.17 49.16 -10.90 86.85 -11.37 90.60 

CB2 (P) 0.59 -133.38 100 -91.44 68.55 -87.76 65.80 -62.02 46.50 -92.36 69.25 -85.26 63.92 

CB2 (A) 0.55 -13.75 100 -11.14 81.02 -11.44 83.20 -6.49 47.2 -10.93 79.49 -10.85 78.91 

TNF-α (P) 1.89 -67.48 100 -71.37 105.75 -72.33 107.19 -48.12 71.31 -74.08 109.78 -65.03 96.36 

TNF-α (A) 0.90 -5.35 100 -5.70 106.54 -6.26 117.01 -4.19 78.32 -6.07 113.46 -6.12 114.39 

IL-1β (P) 0.88 -106.65 100 -78.70 73.79 -74.82 70.16 -55.74 52.27 -71.53 67.07 -70.51 66.11 

IL-1β (A) 0.76 -11.95 100 -7.36 61.59 -8.49 71.04 -6.04 50.54 -7.87 65.86 -7.55 63.18 

TGFBR1 (P) 0.32 -83.14 100 -85.60 102.95 -77.62 93.35 -51.96 62.50 -59.06 71.03 -80.76 97.14 

TGFBR1 (A) 0.44 -8.80 100 -8.77 99.66 -9.01 102.39 -5.35 60.80 -9.55 108.52 -8.90 101.14 

Where P: PLANTS, A: AutoDock, BA: Binding Affinity, Ref.: Reference
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Figure 1: Asthma inflammation relation with selected targets 

 
Figure 2: PCA score plot, (A) PLANTS docking score, (B) AutoDock free binding energy, (C) Normalized docking result;  HCA of 

ligands, (D) PLANTS docking score, (E) AutoDock free binding energy, (F) Normalized docking result 
 

Table 3: Amino acid interaction in protein-ligand complex based on AutoDock’s molecular docking result 

Protein Ligand Hydrophobic Interaction Hydrogen Bond Interaction 

GR Reference Ala607, Arg611, Cys643, Leu563, Leu566, 

Leu608, Met560, Met604, Met639, Met646, 

Phe623 

Cys622, Gln570, Leu563, 

Phe623 

Cannabidiol Arg611, Leu563, Leu608, Leu753, Met604, 

Met646, Phe623, Trp600 

Leu563 

Andrographolide Leu566, Leu608, Met601, Met604, Phe623 Leu732, Met604 

Eucalyptol Leu563, Leu566, Leu608, Met604, Met646, 

Phe623 

- 

Budesonide Cys643, Leu563, Leu608, Met604, Met639, 

Met646,Phe623 

Asn564, Leu563, Met560, 

Phe623 

Prednisolone Leu608, Phe623, Met646, Leu563, Met604 Leu563, Met560 

CB1R Reference Ala380, Ile105, Leu359, Met103, Met363, Met384, 

Phe170, Phe268, Trp279, Val196 

Ile105, Leu,387, Met103 

Cannabidiol Ala380, Ile105, Ile169, Phe102, Phe108, Phe189, 

Phe268, Phe379, Pro269, Val196 

Met103 

Andrographolide Cys386, Met103, Phe268, Phe379, Val196 Ser383 

Eucalyptol Phe102, Phe108, Phe268, Phe269, Phe379, Met103 Met103 

Budesonide Met103, Met384, Phe170, Val196 Ile105, Met103, Phe179 
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Prednisolone Ile105, Met103, Met384, Phe108, Phe170, Phe379 Pro269, Ser123 

CB2R Reference Cys288, His95, Leu191, Met265, Phe117, Phe183, 

Phe87, Phe91,  Phe94, Trp194, Val113, Val261 

His95, Leu182 

Cannabidiol His95, Ile110, Leu182, Lys278, Phe106, Phe183, 

Phe91, Phe94, Tyr25, Val113 

Pro184 

Andrographolide His95, Ile110, Lys109, Phe106, Phe183, Phe91, 

Phe94, Pro184, Val113 

His95, Thr114 

Eucalyptol His95, Phe91, Phe94, Phe183, Pro184, Tyr25, - 

Budesonide Leu191, Met265, Phe183, Phe87, Phe91, Trp194 Thr114, Pro184 

Prednisolone Phe87, Phe91, Phe183 Pro184, Val113 

TNF-α Reference Gly121, Leu120, Leu57, Tyr59 Ser60, Tyr151 

Cannabidiol His15, Leu57, Tyr119, Tyr151, Tyr59 Tyr151 

Andrographolide His15, Leu57, Tyr59, Tyr151 Leu120 

Eucalyptol Tyr59, Tyr119, Tyr151 - 

Budesonide Tyr119, Tyr151 - 

Prednisolone Tyr59, Tyr151 Gly121, Tyr119 

IL-1β Reference Ala115, Ala59, Lys97, Met95, Pro57, Pro91, 

Val100, Val3, Val47 

Asn102, Glu50, Lys93, 

Lys94, Pro57 

Cannabidiol Ala59, Lys97, Met95, Pro57, Val100, Val47 Lys94, Met95 

 

Andrographolide Ala59, Met95, Pro57, Val3, Val47, Val100 Lys92, Lys97, Ser45 

Eucalyptol Ala59, Met95, Pro57, Val3, Val47, Val100 - 

Budesonide Ala115, Lys97, Val47, Val100 Lys94, Phe46, Pro57, 

Val47 

Prednisolone Lys94, Lys97, Pro57, Val47, 

Val100 

Lys97, Phe46 

TGFBR1 Reference Ala230, Ile211, Leu260, Leu278, Leu340, Lys232, 

Val219 

Asp281, His283, Ser280, 

Tyr282 

Cannabidiol Ala230, Ala350, His283, Ile211, Leu260, Leu278, 

Leu340, Lys232, Tyr282, Val219 

- 

Andrographolide Ala230, Ile211, Leu340, Val219 His283, Lys337 

Eucalyptol Ala230, Ala350, Leu260, Leu278, Leu340, 

Lys232, Tyr249, Val219 

- 

Budesonide Leu340, Ala350, Val219, Leu260, Ala230 Asp290, Ser287 

Prednisolone Ala230, Ala350, Leu260, Leu340, Val219 Asp290, Gly212, Ile211 

 

Cannabidiol, andrographolide, budesonide, and prednisolone are within 

the same HCA cluster, indicating that these four compounds have 

similar potential activity. However, in practice, the side effects 

observed are distinct. Cannabidiol is reported to have no significant side 

effects.39 while andrographolide has few mild side effects.40 Eucalyptol 

has the lowest docking score, potentially exhibiting lower effectiveness 

and side effects on the targets. According to studies, eucalyptol is 

considered safe when taken in normal dosages.41 The side effects of 

each herbal compound will be compared with those of corticosteroids 

in more detail. 

A high binding affinity activity alone does not signify greater 

therapeutic efficacy and can enhance systemic side effects.42,43 For 

instance, budesonide’s binding affinity to its main receptor (GR) is 

tighter than prednisolone, but this does not necessarily imply that 

prednisolone has fewer side effects. Budesonide is preferred over 

prednisolone because the drug is administered directly to the lung, 

reducing systemic side effects.44 Considering these statements, side 

effects also depend on the drug compound’s pharmacokinetic properties 

(Table 4). 

 

Table 4: ADME (absorption, distribution, metabolism, and excretion) properties affected the potential activity and side effect based on 

pkCSM 
 

  *1 *2 *3 *4 *5 

A Water solubility 

(log mol/l) 

-4.901 -3.494 -2.63 -4.725 -3.504 

Caco2 permeability 

(log Papp in 10-6 cm/s) 

1.79 1.07 1.485 0.823 0.367 

Intestinal absorption 

(% Absorbed) 

90.657 95.357 96.505 70.994 73.693 

D VDss (log l/kg) 0.939 -0.286 0.491 0.2 -0.198 

BBB (log BB) -0.113 -0.598 0.368 0.004 -0.503 

CNS (log PS) -1.886 -2.691 -2.972 -2.882 -3.358 

M CYP3A4 substrate Yes Yes No Yes Yes 

E Total clearance 

(log ml/min/kg) 

1.092 1.183 1.009 0.652 0.729 

Where *1: Cannabidiol, *2: Andrographolide, *3: Eucalyptol, *4: Budesonide, *5: Prednisolone 

 

In terms of absorption, eucalyptol presents the highest intestinal 

absorption, followed by andrographolide, cannabidiol, and 

prednisolone, supporting their effective oral administration by ensuring 

good bioavailability in the gastrointestinal tract. Budesonide, with the 

lowest intestinal absorption, acts locally in the lungs, facilitating 

targeted respiratory absorption through its moderate Caco2 
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permeability. Caco2 cells are similar to the human intestinal epithelium, 

making them the common model to determine the permeability of oral 

drugs. The predictive value of increased permeability in the Caco2 test 

is a log Papp value exceeding 0.09.45,46 Cannabidiol, andrographolide, 

and eucalyptol have high Caco2 permeability value (>1x10-6 cm/s), 

demonstrating good cellular penetration and suitability to be 

administered orally to experience systemic action.47 Regarding water 

solubility, budesonide and cannabidiol are lipophilic and poorly 

soluble, favoring tissue penetration for local effects in the lungs or 

deeper systemic effects.48 On the other hand, andrographolide, 

eucalyptol, and prednisolone solubility is slightly greater, which 

promotes improved systemic circulation.      

The highest volume of distribution steady state (VDss) of cannabidiol 

suggests extensive tissue penetration that may raise the risk of side 

effects but may possibly be advantageous for systemic therapeutic 

benefits. Low and high log VDss are <−0.15 and >0.45, respectively.45 

Prednisolone’s low VDss helps to regulate systemic effects, which is 

beneficial for treating systemic inflammation predictably, whereas 

budesonide’s moderate VDss is ideal for localized lung activity, 

limiting systemic exposure. The ligands are also distinguished by their 

blood-brain barrier (BBB) and central nervous system (CNS) 

penetration characteristics. A compound will easily pass the blood-

brain barrier if the logarithm of blood-brain barrier permeability value 

(logBB) is greater than 0.3, will be insufficiently distributed if the value 

of logBB is lower than 0.1, and will be partially dispersed in the brain 

if the logBB is less than -1.45,46 Andrographolide's low BBB and CNS 

permeability suggests that it may have fewer CNS side effects,49 

supporting a safer profile for long-term systemic use. The higher BBB 

permeability value of prednisolone suggests a higher risk of CNS-

related adverse effects when taken orally over extended periods of time.  

Human cytochrome P450 (CYP) enzymes in humans contribute in the 

metabolism of drugs. More than half of the clinically used medications 

are metabolised by the CYP3A subfamily, which includes CYP3A4 and 

has the largest abundance in the liver (~40%) and intestine. CYP3A4 

metabolizes all the ligands except eucalyptol, which makes them 

susceptible to drug-drug interactions if administered with other 

CYP3A4 substrates or inhibitors.50 However, if the drug is administered 

via inhalation, like budesonide, the systemic metabolism is limited, 

reducing the chance of such interactions. The clearance rates of 

cannabidiol and andrographolide are greater, which correlates to faster 

elimination,51 making them appropriate for use in shorter therapeutic 

windows. The low clearance rate of budesonide ensures constant local 

effects and is useful for prolonged lung retention when inhaled. 

Although prednisolone usage requires dosing management to avoid 

accumulation and systemic side effects, its clearance rate aligns with its 

systemic effects. 

 

Conclusion 

Cannabidiol, andrographolide, and eucalyptol have promising potential 

as therapeutic options for asthma inflammation, substituting budesonide 

and prednisolone. All the compounds have molecular interactions with 

asthma inflammation targets, with distinct activities. Notably, 

eucalyptol has comparatively lower effectiveness and side effects than 

cannabidiol and andrographolide due to its low affinity to the targets. 

To validate the activity of these herbal compounds, additional studies 

are needed to establish their therapeutic efficacy in treating asthma. 
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