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ABSTRACT 

 

Nowadays, asthma is a significant disease in developed and developing countries. Its chronic inflammatory lung disease. It can cause repeated symptoms 

such as cough, wheezing and difficulty breathing. The protein Interleukin-13  (IL-13) known as a pleiotropic type 2 cytokine that has a role in the 

pathogenesis of asthma. Thyme (Thymus vulgaris L.) is a name that covers both genus and species were most widely used for many centuries as a 
culinary herb, flavouring agent and herbal medicine for the treatment of asthma as well as various disorders of the respiratory tract, this plant is 

indigenous in the Mediterranean region, in Northwest Africa.  Objective: In this study, molecular docking-based virtual screening of compounds 

reported its existence in Thymus vulgaris, were performed against asthma protein IL-13. The active site was determined by Site-Hound-web: server, the 
amino acids in the binding pocket  of 1IJZ protein are  Ala: 9, Glu: 12, Glu: 15, Glu: 16, Leu: 13, Asn: 19, Lys: 62, Arg: 65, Met: 66, Gly: 70 and Phe: 

70 Results: Free energy of binding (FEB) showed that six compounds Ursolic acid, 6-Hydroxyluteolin, Quercetin, Taxifolin, Genkwanin, Rosmarinic 

acid showed the best binding affinity (-7.3, -6.3, -6.2, -6.2, -6.2 and -4.6 kcal/mol. In conclusion, this study identifies that the obtained compound 
present in the Thyme vulgaris responsible for the treatment of asthma. The result will help to use specific compounds that could be an asthma inhibitor 

among many compounds presented in Thyme vulgaris plant that used as an asthma drug.  
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INTRODUCTION  

 

In several areas globally, the burden of asthma increases 

noticeably, the change in asthma epidemiology, as well as the 

clinical spectrum, also became a global concern. People of all 

ages affected by asthma, which was classified as a health 

problem. Additionally, to the increase of asthma in several 

geographic areas, also increase in the number of cases that are 

difficult and fatal. Moreover, there are confounding associations 

and relationship between asthma and environmental tobacco 

smoke exposure, tobacco smoking, air pollution, infections and 

infestations, Since the 1970s the Incidence of asthma has 

increased significantly, In the year 2010, worldwide 300 million 

people were affected 1. .The asthma treatment usually is 

prevented troublesome and chronic symptoms, maintain the 

normal activity levels, normalize pulmonary function and 

improve the health-related quality of life 2,. Asthma considered 

closely related to increased production of various cytokines, 

adhesion molecules and inflammatory mediators 3,4contains many 

flavonoids, luteolin, lutein, thymonin, phenolic antioxidants, 

naringenin and pigenin. Among herbs, the fresh Thyme has one 

of the highest antioxidant levels. It is rich in both minerals and 

vitamins which are essential for optimum health. For the Thyme 

leaves consider one of the most abundant sources of calcium, iron, 

potassium, magnesium, manganese and selenium 5 .The Thyme 

plant extracts have been used in the traditional medicine for 

treating many respiratory diseases such as asthma and bronchitis 
6 for the treatment of many other pathologies because of several 

properties such as antiviral, antimicrobial, antifungal, 

antioxidative, antiseptic and antispasmodic 7,8 . 

 

Virtual screening (VS) is a method that widely used to find the 

virtual hit of compounds among a batch of compounds, where a 

variety of studies shown successful results 9,10. Many reports in 

the past few years indicated that virtual screening techniques 

demonstrated to be effective in term of making qualitative 

predictions that distinguished the active and non-active 

compounds 11,12. The primary goal of virtual screening is the 

reduces the budget, time and the coast of the lab experiments as 

the compound that needs to tested are selected depend on f 

exhibited values of drug-receptor interaction together with it is in 

vivo pharmacodynamic behaviors 13 . In the current paper, I 

virtually screened thirty-three compounds that isolated from the 

Thyme plant that has anti-asthmatic activity, to identify the hit 

compounds those are responsible for the treatment of Asthma 

disease other than the whole extract of the Thyme plant, by using 

molecular docking against the asthma protein target. 

 

MATERIALS AND METHODS 

 

Ligand preparation  

The structure of compounds isolated from Thymes plant was 

obtained from published literature and two standard control 

compound structures, were sketched using ChemDraw 2008, and 

the energy minimization of the ligands was carried out using 

(HyperChem Professional) 14 and then saved in pdb format. 

 

Protein preparation  

The crystal structure of human IL-13  (PDB ID: 1IJZ) 15  was 

obtained from Protein Data Bank (www.rcsb.org), the crystal 

structure consist of the chain (A ) was used Fig.1. The co-factor 

and water molecules were removed, and hydrogen was added 

using AutoDockTools (ADT) 16 . 
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Fig. 1 Schematic diagram of the 3D structure PDB: 1IJZ of the IL-

13 protein 

 

Molecular docking 

The Autodock Vina 17 was used to perform virtual screening, and 

all the needed file were prepared. The protein converted from pdb 

to pdbqt using ADT, The size of grid box with dimensional 60, 

60, 60 for x, y, z coordinates in Å, were centred on the binding 

site of the enzyme; the ligand file converted from mol2 to pdbqt 

using raccoon. Confi.txt file created including all the necessary 

information needed to conduct the virtual screening. Other 

configurations were considered the default. The result of virtual 

screening was observed as the free energy of binding (FEB) the 

selected docking pose visualized using Discovery studio     

version 6. 

 

 

Active site prediction 

Site-Hound-web: server for binding site identification 18  was 

used to prediction of the active site of the protein, where the PDB 

file of the target protein uploaded to the server, and it showed the 

binding site present in the protein, then the amino acids residues 

that involved in the binding site were selected. 

 

RESULTS AND DISCUSSION 

 

The purpose of this study was to evaluate the binding interactions 

between the compounds from the Thyme plant and Anti-asthma 

protein by performing molecular docking simulation with 

autodock Vina. Reliable conformations of the compounds within 

the active site were attained to gain structural and functional 

insight into the mechanism of inhibition. Results of molecular 

docking indicated that all the selected compounds fitted inside the 

active pocket of the target protein showed different orientations 

with the amino acids residues.  The Thirty-two reported 

compounds in thyme plant were obtained from various 

publications. These compounds identified and isolated from the 

Thyme plant with the aid of different analytical techniques (High-

Performance Liquid Chromatography (HPLC), Reversed-phase 

HPLC and mass detection LC-MSD, Gas chromatography-mass 

spectrometry analysis (GC-MS) 19-25. Molecular docking 

calculation of the selected compounds screened within the 

binding site of the asthma protein 1IJZ using Autodock Vina. 

Finally, the best 6 compounds (as shown in Fig.2) that exhibited 

the lowest binding energy of the protein-ligand complex were 

chosen. The name and the structure of the compounds used were 

tabulated in Table 1. 

 

 
 

Fig. 2 Structure of the best 6 compounds ( A ) 6-Hydroxyluteolin,  ( B ) Quercetin, (C ) Genkwanin  (D  ) Taxifolin, ( E ) Ursolic acid  and   

(F) Rosmarinic acid. 
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Table 1. Compounds of Isolated from thyme plants 

 
Chemical Structure   FEB Name of the 

compounds 

No 

Compound isolated from plant 

 

-6.3 6-Hydroxyluteolin 1 

 

-6.1 Apigenin 3 

 

-5.0 Caffeic acid 4 

 

-6.1 Cirsiliol 6 

 

-6.2 Cirsimaritin 7 

 

-6.1 Dihydrokaempferol 8 

 

-6.0 Eriodictyol 9 

 

-5.1 Ferulic acid 10 

 

-6.2 Genkwanin 11 
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-4.1 Gentisic acid 12 

 

-4.4 Hydroxybenzoic acid 13 

 

-6.1 Kaempferol 14 

 

-5.3 Luteolin 7-O-β-D-

glucoside 

15 

 

-6.1 Luteolin 16 

 

-5.8 Oleanolic acid 17 

 

-6.2 Quercetin 18 

 

-4.5 Syringic acid 19 

 

-6.2 Taxifolin 20 
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-7.3 Ursolic acid 21 

 

-5.9, Xanthomicrol 22 

Compounds extracted from essential oil 

 

-4.9 Beta-Caryophyllene 1 

 

-4.7 Carvacrol 2 

 

-4.6 Rosmarinic acid 3 

 

-4.6 P-Cymene 4 

 

-4.5 Myrcene 5 

 

-4.4 Terpinen-4-ol 6 

 

-4.4 Linalool 7 

 

-4.4 Limonene 8 

 

-4.2 Thymol 9 

 

-4.2 Sabinene hydrate 10 

 

The results obtained from docking simulation indicate that the compounds used entirely interacted at the active pocket with the essential 

amino acid residues such as Ala: 9, Glu: 12, Glu: 15, Glu: 16, Leu: 13, Asn: 19, Lys: 62, Arg: 65, Met: 66, Gly: 70 and Phe: 70 (as 

shown in Fig.3). 
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Fig.3  Show 3D of  ligand interactions of the 6 candidates showing hydrogen-bond and hydrophobic interactions. (A) 6-Hydroxyluteolin, (B) 

Ursolic acid (C) Quercetin, (D) Genkwanin (E) Taxifolin,   (F) Rosmarinic acid and  (G) Salbutamol. 

 

The observed docking results between the target protein and the compounds were manually examined and found that extensive 

interactions were formed with the amino acids that compose the active site. The interpretation of the docking results revealed that all 

of the six compounds positioned at the same location inside the active pocket of the target protein, as shown in Fig.4.  
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Fig.4. Show the 2D  ligand interactions of the 6 candidates showing hydrogen-bond and hydrophobic interactions. (A) 6-Hydroxyluteolin, (B) 

Ursolic acid (C) Quercetin, (D) Genkwanin (E) Taxifolin, (F) Rosmarinic acid (G) Salbutamol 

 

The interactions of the selected compounds were similar to that 

exhibited by the standard drug Salbutamol; therefore this 

similarity suggested that these specific compounds used in this 

study, among many other compounds found in Thyme, could be 

responsible for the treatment of asthma. The FEB results from 

virtual screening were at the range -7.2 to -4.9 kcal/mol for active 

compounds while inactive compounds were observed at the range 

-4.2 kcal/mol and higher. These compounds exhibited good 

binding affinities with the receptor. The binding pose of each of 

them was evaluated and reported as types of interactions such as 

H-bond, hydrophobic interaction, PI-alkyl, PI-PI- Tshaped, 

Amide-p shaped, and van deer walls between the compounds and 

the protein interactions, (detailed in Table 2). 
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Table 2.  Molecular docking analysis between the compounds and target protein 

 
No Compound Van deer walls Hydrophobic 

interactions 

PI-PI- 

Tshaped 

Amide-p 

shaped 

PI-alkyl H-Bond Carbon H-

Bond 

1 Ursolic acid Met :66 

Gly :69 

Pro :3 

Aal :9 

 Val:4 Gly:69  

Phe :70  
Pro :6 

  Pro :3 

Val :4 

Aal :9 
Pro: 6 

Phe:70 

 

  

2 6- Hydroxyluteolin Pro :6 

Pro :3 

Val :4 

Val :4  

Phe:70 Gly:69 

 Met :66 
 Pro :3 

Phe:70 Gly :69 

 

Met :66 

Ala :9 

Arg :65 
 

Arg :65 

 

Gly :69 

3 Quersitin Pro  :3 

Met :66 

Val :4 
Pro :6 

Met :66  

Gly :69 

 Phe:7 Val :4 
 

 

Phe :70 

Phe :70 

Phe:70 

Gly:69 

 

Ala A:9 Arg A:65 

 

 

Gly :69 

 

 
 

 

4 Taxifolint Met :66 
Pro :3 

Pro :6 

Met :66  
Phe :70 

Gly:69 

 
 

Arg :65 
Phe :70 

Arg A:65 
Phe A:70 

Ala A:9 Val :4 69 
Gly:A 

Gly:69 

5 Genkwanin Phe :70 

Val :4 

 

Phe A:70 Val 

A:4 Gly:69 

Aal A:9 

  Met A:66 

Arg A:65 

Aal A:9 

Arg A:65 

 

Gly A:69 

6 Rosmarinic acid Aal :9 

 

Lys A:62 

Arg:65 

Gly:69  
Met:66 

  Lys A:62 Arg :65 

Gly :69 

Glu :16 

 

7 Salbutamol Phe :70 

Val :4 
Gly :69 

Lys:62 

Met:66 

   Met A:66 

 

Arg A:65 

 

 

 

The analysis of the results showed extensive interactions and 

correlation types with the amino acid residues found in the 

binding pocket, indicating the effectiveness of the compounds 

towards asthma.  The selection of the best compounds depending 

on the Lipinski role of five (Lipinski, 2004), where all the 

compounds have (i) number of hydrogen acceptor less than 10, 

(ii) number of hydrogen donor less than 5, (iii) MW less than 500 

(iv) log P less than 5 and do not violate Lipinski  role of five as 

shown in (shown in Table 3). The results of interactions of the 

ligands with essential residues of the IL-3 protein revealed that 

all the ligands bonded to the residues in the binding pocket, as 

shown in Fig.5. 

 
Table 3:  Drug-likeness properties of the best compounds. 

 
No Compound LogP H-bond donors H-bond acceptors Molecular 

weight(g/mol) 

1 6-Hydroxyluteolin 1.17 5 7 302 

2 Ursolic acid 6.79 1 3 455 

3 Quercetin 1.68 5 7 302 

4 Taxifolin 1.5 5 7 304 

5 Genkwanin 3 2 5 284 

6 Rosmarinic acid 1.63 4 8 359 
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Fig.5  Show Ligplot of schematic ligand interactions of the 6 candidates showing hydrogen-bond and hydrophobic interactions. (A) 6-

Hydroxyluteolin, (B) Ursolic acid (C) Quercetin, (D) Genkwanin (E) Taxifolin, (F) Rosmarinic acid and Salbutamol. 
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Ursolic acid is known as a triterpenoid compound found in many 

plants. It used in medicinal herbs and human diet and possessed 

an anti-allergic activity 26,27. This compound was found to show 

van deer walls  interaction with active site amino acid residues 

Met:66 Gly:69 and the PI-alkyl interaction with Pro:3 Val :4 Ala 

:9 Pro :6 Phe: 70, in addition, hydrophobic interaction also 

exhibited with the residues Ala: 9 Val: 4 Gly:69, Phe: 70 Pro:6. 

6-Hydroxyluteolin compound  was found to show  many 

interactions, hydrogen bond was formed with Arg :65, Likewise, 

Amide-p shaped interaction with Gly:69 formed, also found to 

interact with Met :66, Ala :9, Arg:65 through PI-alkyl, in addition, 

Van deer walls interaction exhibited with the amino acids Pro:6, 

Pro:3, Val:4 as well as PI-PI- T-shaped with Phe:70.  The third 

compound, Quercetin, is one of the essential flavonoids that have 

a chemical effect 28. This compound  interacted with amino acids 

in the active site, it form Hydrogen bond with the amino acid Arg: 

65, in addition, found to show Van deer walls interactions with 

the amino acids Pro:3, Met: 66, Val: 4, Pro: 6, likewise An 

Amide-p-shaped interaction exhibited between the compound 

and the amino acid Phe:70. Carbon H-bond interaction noticed 

with the Phe: 70, and finally, a PI-PI-T-shaped interaction with 

amino acids Arg: 65, Phe: 70 formed.  The compound, Taxifolin, 

was the fourth most active compound against the asthma protein. 

The binding energy obtained was -6.20 kcal/mol. Different 

interactions exhibited between this compound and the target 

protein, similar to the previous one. H-bond formed interaction 

with the amino acid Val: 4. Also, carbon H-Bond formed with 

amino acids Gly: 69. Van der Waals interactions also displayed 

with Met: 66, Pro :3, Pro: 6. P-alkyl bonds brought interaction 

with Ala: 9 and finally, the Amide-p shaped bond formed with 

Arg: 65, Phe: 70. Genkwanin is as a flavonoid has anti-tumour 

and anti-oxidant activities 29. In this study, the compound has 

shown many interactions with the asthma protein, which 

exhibited the effectiveness at the binding site of the protein, 

where the value of the FEB was -6.2 kcal/mol. This compound 

was found to show one hydrogen bond with Arg: 65, which 

enhances the stability of the compound in the active site.  Van 

deer Walls interactions showed with the protein thought Phe:70, 

Val:4 amino acids, another  interaction Pi-alkyl formed with the 

amino acids Met: 66 and Aal: 9, in addition, Hydrophobic 

interaction, was noticed between  this compound and  amino acids 

in the binding site Phe: 70 Val: 4 Gly:69 and Aal:9. Rosmarinic 

acid is a polyphenolic compound found in Thymus vulgaris and 

many other herbal plants, has anti-inflammatory activity, it is 

used to treat asthma and allergic disorders 30,31,32,. Although 

this compound showed FEB  -4.6 kcal/mol higher than the other 

selected compound, it exhibited many interactions with amino 

acids at the active binding site. Three hydrogen bonds were 

formed with Gly:69, Arg: 65, Glu:16, these interactions enhance 

the stability of this compound in the active site of the protein. Pi-

alkyl interaction was found to form one interaction with amino 

acid Lys: 62, in addition, van der Waals interaction, noticed 

between this compound and the protein amino acids Ala: 9, Val:4, 

Phe: 65, Likewise  Hydrophobic interaction shown with Lys:62, 

Arg: 65, Gly:69 Met: 66.  Ligplot (as shown in Fig. 5) 

demonstrated that all the selected ligands interacted with the 

essential amino acid residues in the binding pocket. Therefore 

interactions contribute significantly to the stability of compounds 

within the binding site of the protein and thus enhance the activity 

of these compounds against the disease. 

  

CONCLUSION 

 

Asthma considered as one of the menacing respiratory diseases 

that affecting children as well as adults, this disease characterised 

by chronic airway inflammation. There is the growing use of 

virtual screening in the field of discovery and development of new 

drugs from a plant. In this approach molecular docking and virtual 

screening were performed, the analysis of the obtained molecular 

interactions enabled to identify some compounds Ursolic acid, 6-

Hydroxyluteolin, Quercetin, Taxifolin, Genkwanin, Rosmarinic 

acid that may be responsible for treating asthma rather than using 

the whole thyme plant extract. The best six compounds in this 

study do not violate the Lipinski rule of five to be an orally active 

drug and consider as a clean lead like molecules. The 

modification of these compounds may lead to novel drug 

candidates. Also, further investigations need to be carried out 

with the help of this in-silico approach to producing more potent 

and effective drugs. In vitro and in vivo studies to validate these 

compounds must be taken into consideration to complete this 

work. 
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