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The potency of major Teucrium polium active ingredients as the Main 

Protease (M
pro

) of COVID-19  

 

 

ABSTRACT 

The GC-MS and docking method were used to investigate active coronaviral protein (the 

Main Protease (M
pro

). This coronaviral protein was tested using a methanol extract made from 

T. polium leaves. According to the GC-MS results, the plant's methanolic extract contains 

eight major natural substances. The lowest Binding Energy (LBE) and the inhibition constant 

(Ki) have been used to identify and classify the pharmacological potential of these lead drugs. 

The affinity of these compounds with coronaviral protein has been investigated in order to 

determine their use at the active sites of the receptor, 3CL
pro

 (PDB ID: 6LU7). 3-

Hydroxytetradecanoic acid, 3-Dodecenedioic acid, D-Glucuronic, 3-Hydroxysebacic acid, and 

Dodecen-3-ol showed greater affinity to 3CL
pro

 than the supporting control drugs. 

Furthermore, when the interactions of these components with the amino acids of 3CL
pro

 are 

evaluated, 3-Hydroxytetradecanoic acid has the highest LBE score and Ki value when 

compared to the approved medication as well as all other compounds under examination. As a 

result, these potential compounds may be modern coronavirus inhibitors. Such computational 

findings require additional in vitro and in vivo research. 

 

Keywords: Teucrium polium; COVID-19; GC-MS; 3CL
pro

; 3-Hydroxytetradecanoic acid 
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INTRODUCTION 

The high cost of conventional medicines, as well as their reported serious side effects, have 

prompted researchers to look for alternative treatment options for a variety of diseases [1]. 

Several phytochemicals have recently been described to have potent antiviral efficacy, 

allowing them to inhibit the rapid replication of COVID-19 [2]. These very active compounds 

provide hope for the discovery of new inhibitors in nature [3]. In overall, natural substances 

are more chemically varied than biopharmaceutical compounds, they have lower production 

costs, and have milder or non-existent adverse effects when compared to synthetic drugs [4].  

Medicinal herbs are widely used in Jordanian traditional medicine to treat many diseases 

because they are high in bioactive components [5]. For example, the Teucrium polium L. 

(family Lamiaceae) is a useful herb since it is widely prescribed by many traditional Arabic 

herbalists because of its diuretic, diaphoretic, antipyretic, anti-inflammatory, antispasmodic, 

tonic, anorexic, antihypertensive, analgesic [6, 7], antibacterial [8, 9], and antidiabetic effects 

[8, 9]. T. polium includes a variety of compounds, namely diterpenoids, iridoids, flavonoids, 

terpenoids, and sterols, according to phytochemical studies [12,13]. 

The ongoing industrialization causes uprooting, low yield, less cultivation, and destruction 

[14]. As a result, preservation as well as conservation of the T. polium's existing flora and 

fauna are required. As a result, phytochemical analysis is required not only for the discovery 

of analytical markers, but also because of the development of a valid and reliable, precise, 

appropriate, as well as efficient technique again for characterization of T. polium biography. 

Thorough chemoprofiling of T. polium leaves utilizing liquid chromatography necessitates a 

lengthy run time, a time-consuming analytical procedure, and a large volume of organic 

solvents for separation process [15]. 

The main objective of this study was to evaluate the phytoconstituents architecture using GC-

MS analysis and also to look into mechanism-based research that could explain T. polium's 

pharmacological properties. This study demonstrates a GC-MS-based phytochemical 
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constituents and identifies a significant bioactive mechanism involved for the T. polium's 

positive attitude. Furthermore, the current study seeks to screen and evaluate the potential 

inhibitory activity of T. polium-derived phytochemicals against SARS-CoV-2 (3CL
pro

), 

potentially presenting new identified compounds towards the novel pandemic coronavirus 

disease (COVID-19). Furthermore, this proposed process is straightforward, brief, precise, 

relevant, and economical, requiring only a small amount of organic solvent for sample 

processing. 

 

MATERIAL and METHODS 

Collection of T. polium leaf 

At the start of the spring semester in 2021, Jordanian T. polium plant wild-growing leaf were 

collected from the Karak governorate. Al-Eisawi [14] explained a method for obtaining such 

leaves. The leaves of the plant were left to dry in the shade, isolated to a constant weight at 

room temperature, crushed, as well as stored in a dark place. 

Extraction Process 

One gram of Jordanian T. polium leaves was restored with 10 mL of methanol as well as 

stirred at room temperature for five days. For 10 minutes, the supernatant has been 

centrifuged at 4500 rpm. 3.0 mL of the supernatant has been transferred to a 10 mL test tube 

and distilled at room temperature. Before being injected into the GC-MS, the residues had 

been reformed in 100 L of N,O-bis (trimethylsilyl) trifluoroacetamide (BSTFA) solution. 

GC-MS (Gas Chromatography-Mass Spectrometry) Analysis 

The GC-MS analysis was carried out on an Agilent technology model 6890 GC equipped with 

the Split-splitless injector and HP-5MS capillary column coated with a 5% phenylmethylpoly-

siloxane film (30 m 0.25 mm, 0.25 m film thickness). The agile amount 6890 GC was 

outfitted with a 5973C mass spectrometer in the Inert MSD style (Mass Spectrometer with 

mass Selective Detector and GC-MS). The column oven's temperature was conditioned as 
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follows: The temperature began at 60 °C and was gradually increased to 300 °C with a ramp 

of 15 °C/min before remaining at 300 °C for 7 minutes before all elution was completed. 

After 15 seconds, the split valves had been opened to purge the injector for 3 minutes. Both 

injections (1 L) were made with a 10 L syringe. As a carrier gas, 99.999 percent pure helium 

gas was used at a flow rate of 1.0 mL/min [16]. 

 

Molecular Docking Process 

The main protease's X-ray crystal structure was obtained from the RCSB database (PDB ID: 

6LU7). To remove the heteroatoms, water, and prepare the protein further, Biovia Discovery 

Studio Visualizer 16.1 was used. The major T. polium active ingredients' 2D chemical 

structures have been downloaded from the PubChem database. The MM2 force field was 

therefore implemented at the ligands using PerkinElmer Chem 3D 17.1 software and saved as 

a PDB file. AutoDock 4.2 is a component of computational software that is used to prepare 

ligands and proteins as well as to generate the docking procedure [17, 18]. The polar 

hydrogens and Kollman charge were first added to the main protease. The active ingredients 

were then revitalized using Gasteiger charges. The grid box was 50*50*50 in size, and the 

coordinates have been -10.244, 17.966, 66.508 (as x, y, and z, respectively) with a spacing of 

0.375. The Mpro was defined as rigid for the docking parameter, whereas drugs are flexible. 

The genetics algorithm run has been set to 150, as well as the Lamarckian genetic was chosen 

to proceed with the docking, while all other parameters were left at their default values [19, 

20]. 
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RESULTS 

GC-MS Analysis of the Plant Extract  

The extracted compositions of T. polium were studied using GC–MS. Each component in the 

methanolic extract was measured and identified by making comparisons mass fragmentation 

trends to standards such as Wiley 9 library spectral data as well as NIST standards (Figure 1). 

Table 1 shows the detailed information for 25 peaks; 1 component has an area percent of 

22.66%,  3 components have an area percent among 9.59 and 9.78 %, 1 component has an area 

percent of 6.74 %, 1 component has an area percent of 5.69%, 1 component has an area percent 

of 2.70 %, 2 components have area precent of 1.09 % and 1.73 %, and 18 components have 

area percent of less than 1 %. 

 

Figure 1: GC-MS chromatogram of the T. polium methanolic extract 
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Table 1: GC-MS Results of Phytonutrients of the T. polium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Components 

Retention 

Time 

(min) 

Composition 

Percentage (%) 

1.  Ethylamine 5.55 0.52 

2.  Cyanuric Acid 6.06 0.65 

3.  1,3-Propanediol 9.49 1.73 

4.  Androstan-3-One 11.23 0.02 

5.  Malic Acid 11.45 0.87 

6.  N-Butyrlglycine 13.02 0.04 

7.  Dodecen-3-ol 14.14 6.74 

8.  L-Ascorbic acid 14.14 2.70 

9.  3-OH-Tetradecenedioic Acid 14.63 9.70 

10.  3-Hydroxysebacic acid 14.63 9.59 

11.  Undecenedioic Acid 14.96 0.43 

12.  3-Dodecenedioic acid 15.18 9.78 

13.  Palmitic Acid 15.45 0.75 

14.  Glucuronic 15.96 5.69 

15.  Silane 16.26 0.13 

16.  Isobutyric 16.53 0.48 

17.  Hexadecanoic Acid 18.58 0.18 

18.  Phenobarbitol 18.87 0.28 

19.  α-D-Glucopyranose 19.11 22.66 

20.  Chloral Hydrate 19.62 0.12 

21.  D-Glucose 20.30 0.21 

22.  Melibiose 20.36 0.23 

23.  Maltose 21.16 0.04 

24.  α-Tocopherol 22.26 0.06 

25.  β-Sitosterol 24.88 0.02 
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Molecular Docking 

The T. polium contains a variety of natural phytochemical compounds. These natural 

phytochemical compounds have been studied with in silico technique to examine the alleged 

anti-corona behavior. The utilized AutoDock algorithm can reveal the potential binding 

associations of the 8 major known compounds found in the methanolic extract of the T. 

polium. Docking simulation employs a grid-based energy evaluation method, in which pre-

calculated interaction energies are being used as lookup tables to allow rapid assessment of 

ligand-protein interactions. Even so, unless complex side chains are treated beyond the grid, 

the execution of this grid-based method will entail strict processing of the target molecule. T. 

polium includes numerous natural phytochemical compounds. The alleged anti-corona actions 

of these natural phytochemical compounds were investigated using an in silico methodology. 

The AutoDock algorithm can help to describe binding associations of the eight major known 

chemical components in the T. polium methanolic extract. Docking simulation makes use of a 

grid-based energy evaluation technique in which pre-calculated pleasant relationship are used 

as lookup tables to allow for faster assessment of ligand-protein connections. Nonetheless, 

unless complex side chains have been treated beyond the grid, the grid-based technique will 

require strict processing of the target molecule. 

Utilizing molecular docking just on 3CL
pro

 protein, the affiliation of eight T. polium 

phytoconstituents well with M
pro

 target SARS-CoV-2 proteins was investigated. The 

interacting atoms best binding capacity to 3CL
pro

 active site residues has indeed been 

determined. The study included FDA-approved HIV inhibitors such as Remdesivir, 

Hydroxychloroquine, and Chloroquine as positive controls [22]. Table 2 shows LBE (Lowest 
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Binding Energy) scores and Ki (Inhibition constant) values for the major T. polium 

phytocompounds with target protein. 

 

 

Table 2: LBE scores and Ki values for the eight T. polium phytoconstituents and FDA 

approved HIV inhibitors with 3CL
pro

 (6LU7) 

G
ro

u
p

 

No. Compounds 

6LU7 (3CL
pro

) 

LBE 

(kcal/

mol) 

Ki 

(μM) 

vdW + 

Hbond + 

desolv 

Energy 

(kcal/mole) 

Electrostat

ic Energy 

(kcal/mole) 

 

Torsional 

Free 

Energy 

(kcal/mole) 

 

P
h

y
to

co
n

st
it

u
en

ts
 o

f 
T

. 
p
o
li

u
m

 

1  1,3-Propanediol -2.58 12950 -3.58 -0.19 +1.19 

2  Dodecen-3-ol -4.92 247.68 -7.81 -0.09 +2.98 

3  L-Ascorbic acid -3.91 1370 -5.63 -0.07 +1.79 

4  
3-Hydroxytetradecanoic 

acid 
-5.40 110.65 -9.38 -0.19 +4.18 

5  3-Hydroxysebacic acid -5.12 175.66 -8.12 -0.29 +3.28 

6  3-Dodecenedioic acid -5.38 380.36 -8.30 -0.24 +3.88 

7  D-Glucuronic -5.20 153.64 -6.38 -0.61 +1.79 

8  α-D-Glucopyranose -3.81 1600 -5.29 -0.31 +1.79 

P
o
si

ti
v
e 

C
o
n

tr
o
ls

 1 Remdesivir -4.59
a
 431.87

a
 -9.06

a
 -0.01

a
 +5.07

a
 

2 Chloroquine -4.68
a
 373.83

a
 -6.92

a
 -0.14

a
 +2.39

a
 

3 Hydroxychloroquine -4.22
a
 812.81

a
 -7.06

a
 -0.14

a
 +2.98

a
 

[18]
 a
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DISCUSSION 

The GC-MS chromatogram (Figure 1) demonstrates that the methanolic crude extract of T. 

polium contains 25 peaks with retention times ranging from 5.55 to 24.88 min (Table 1). The 

extract is made up of oxygenated hydrocarbons, carboxylic acids, fatty acids (both 

unsaturated and saturated), and aromatic compounds, according to the analysis. With a 

percentage of more than 1%, eight major identified compounds were discovered in the 

methanolic crude extract of T. polium. These phytoconstituents are as follows: α-D-

Glucopyranose (22.66%), 3-Dodecenedioic acid (9.78%), 3-OH-Tetradecenedioic Acid 

(9.70%), 3-Hydroxysebacic acid (9.59%), Dodecen-3-ol (6.74%), Glucuronic (5.69%), L-

Ascorbic acid (2.70%), 1,3-Propanediol (1.73%), and Glucuronide (1.09%). Table 3 shows 

the results of five potential inhibitor that have area percent more than 2% and LBE and Ki 

results better than FDA approved HIV inhibitors as a potential inhibitor.  All known 

compounds have indeed been docked to the pocket of 3CLpro (6LU7). The phytoconstituent 

compounds have different scores when compared to the enclosed amino acids. Interestingly, 

as shown in Table 3, 3-Hydroxytetradecanoic acid, 3-Dodecenedioic acid, D-Glucuronic, 3-

Hydroxysebacic acid, and Dodecen-3-ol exceed the other phytoconstituent compounds as well 

as the optimistic controls by forming a strong association with destination enzyme's protease 

as confirmed by the LBE and Ki values. Depending on LBE and Ki values, the scoring values 

of the five major inhibitors increase in the following manner: 3-Hydroxytetradecanoic acid (-

5.40 kcal/mol, 110.65 μM) > 3-Dodecenedioic acid (-5.38 kcal/mol, 380.36 μM) > D-

Glucuronic (-5.20 kcal/mol, 153.64 μM) > 3-Hydroxysebacic acid (-5.12 kcal/mol, 175.66 

μM) > Dodecen-3-ol (-4.92 kcal/mol, 247.68 μM). Definitely, 3-Hydroxytetradecanoic acid 
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has the top score (lowest LBE score and lowest Ki values) compared to the control drugs as 

well as all compounds selected with 3CL
pro

. Those certain potential inhibitors in T. polium 

methanolic extract could inhibit the protein of interest, but only to a lesser extent than 3-

Hydroxytetradecanoic acid. 

Table 3: 3D and 2D interaction results of the best T. polium phytocompounds with 3CLpro 

(6LU7) 

Compound 3D Interaction results 2D Interaction results 

3-Hydroxytetradecanoic 

acid 

 

  

3-Dodecenedioic acid 
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D-Glucuronic  

 

  

3-Hydroxysebacic acid 

 

  

Dodecen-3-ol 

 

 

 

  

Surprisingly, in contrast to the normal regulation of this enzyme, the most potent natural 

compounds with LBE scores and Ki values are discovered to be in the following order: 3-

Hydroxytetradecanoic acid > 3-Dodecenedioic acid > D-Glucuronic > 3-Hydroxysebacic acid 

> Dodecen-3-ol. This finding implies that these compounds could be useful medications for 
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preventing coronavirus viral replication by blocking the action of one the basic proteins. 

Remarkably, the putative pocket active site in 6LU7 has a higher affinity for 3-

Hydroxytetradecanoic acid than Remdesivir, Chloroquine, and Hydroxychloroquine attributed 

to the prevalence of seven hydrogen bonds between 3-Hydroxytetradecanoic acid and 

HIS163, LEU141 (two H-bonding), GLY143, SER144, and CYS145 amino acids. Moreover, 

when compared to benchmark medicines, the docking scores of 3-Hydroxytetradecanoic acid 

with 6LU7 pocket are indeed the best and have the lowest binding energy. 

 

CONCLUSION  

The methanolic extract derived from the leaves of T. polium was investigated, and for the first 

time, its bioactive constituents were identified and evaluated using a GC-MS instrument and 

docking method on one of the most active coronavirus proteins (3CL
pro

). The plant's 

methanolic extract contained 25 major natural phytochemicals, according to GC-MS outcomes. 

Eight of the twenty-five compounds have a composition proportion greater than 1%. Docking 

results indicate that 3-Hydroxytetradecanoic acid, 3-Dodecenedioic acid, D-Glucuronic, 3-

Hydroxysebacic acid, Dodecen-3-ol have lowest LBE scores and Ki values for 3CLpro than 

supportive control drugs. 

Besides that, the study of such compounds' interactions with the amino acids in 3CL
pro

 

indicated that 3-Hydroxytetradecanoic seems to have the best LBE score and Ki value 

compared to approved drugs and all the other studied compounds, attributed to its ability to 

create tight hydrogen bonds with protease. As a result, these compounds that could be novel 

coronavirus inhibitors. Such computational results necessitate additional in vitro and in vivo 

research. 
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