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 Indonesia is a mega-biodiversity country with a high number of herbal 

plants, in particular Murraya koenigii and Nigella sativa. Their extract 

reported having activities as anti-cancer, including lung cancer. It is one 

type of cancer which has a high mortality rate. One of the important 

receptors for lung cancer is Kirsten rat sarcoma virus (KRAS) which 

grows in lung adenocarcinoma, a subtype of Non-small Cell Lung cancer 

(NSCLS). Recent treatment such as sotorasib could cause side effects 

and serious adverse effects, thus an alternative treatment is needed. The 

currently developed method for skrining new compounds targeted 

KRAS receptors is molecular docking. This study aims to find 

candidates for several ligands that have interactions with the KRAS 

receptor in lung cancer to have better activity than sotorasib. We carried 

out an in silico study by docking candidate ligands with the KRAS 

receptor using the MOE 2015 V.10 application. 5 out of 10 candidate 

compounds have interactions through hydrogen bonding with the KRAS 

receptor. Dithymoquinone is the compound with the lowest Gibbs free 

energy, which is -12.3107 joules/kg.mol, and has the strongest bond. 

Dithymoquione derived from the Nigella sativa (Black cumin) 

corresponds to sotorasib for ligand-interaction when docked with the 

KRAS G12C receptor. This finding could be a potential new drug for 

lung cancer. However, further studies, such as in vitro, in vivo and 

clinical trials need to be conducted to confirm the activities, safety and 

efficacy of the new drug. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 
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1. Introduction 

Indonesia is a mega-biodiversity country with a high number of herbal plants. In particular, Salam Koja 

Leaves (Murraya koenigii) grows in Aceh with the use as a food flavoring [1]. Along with the development 

of science, it turns out that this plant has substances whose activities are antibacterial, antioxidant and anti-

cancer [2]. In addition, there is also black cumin (Nigella sativa) which has commonly used as an ancient 

medicine such as Unani and Ayurveda. This plant has also been studied for its active substances, such as 
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antihypertensive, antioxidant and anti-cancer as well [3]. Murraya koenigii is known to have isolates, 

namely Isolongifolene, Mahanine, Murrayazoline, Koenimbine, and O-methyl murrayamine [4]. Moreover, 

Dithymoquione, Thymohydroquuinone, Thymol, Thymoquinone and Pylazoloanthrone are the isolates from 

Nigella sativa. These isolates are known anticancer activity, especially lung cancer [5]. 

 

Lung cancer is one type of cancer that has a high mortality rate for the patients with its main cause of 

smoking [6]. Currently, known receptors for lung cancer are Anaplastic Lymphoma Kinase (ALK), 

Epidermal Growth Factor Receptor (EGFR), Kirsten rat sarcoma virus (KRAS), receptor tyrosine kinase, 

and B-raf kinase [7]. KRAS is one of the receptors of the RAS that is most frequently mutated in lung 

cancer. KRAS mostly grows in lung adenocarcinoma which is a subtype of Non-small Cell Lung cancer 

(NSCLS) [8]. One of the inhibitors that interact with the KRAS receptor is sotorasib. Sotorasib can inhibit 

lung cancer activity through the KRAS G12C receptor using nucleotide exchange [9]. Based on the study, 

this drug is quite promising by producing an objective response in 37% of patients with an average duration 

of 11.1 months observed in NSCLS patients [10]. However, it is known that the treatment of lung cancer 

using sotorasib still has side effects and serious adverse effects in the form of diarrhea, nausea, fatigue and 

constipation in patients [11]. 

 

The currently developed method for finding new compounds targeted at the KRAS receptor is molecular 

docking. Docking is a computational chemical technique in which the sample is the molecular structure of 

small compounds in protein bonds [12]. Molecular docking is a method for predicting the dominant binding 

model of ligands and receptors with a 3-dimensional structure from software [13]. The advantage of 

molecular docking is to observe a picture of the interaction between small molecules and proteins at the 

atomic level to characterize the binding interactions of molecules to target proteins and display basic 

biochemical [14]. This study aims to find candidates for several ligands that have interactions with the 

KRAS receptor in lung cancer to have better activity than sotorasib. 

 

2. MATERIAL 

The applications used for preparation, validation and docking were Molecular Operating Environment 

(MOE) 2015 version 10, LENOVO THINKPAD 14-IIL CORE i7 10th GEN. The receptor file was obtained 

from the Protein Data Bank (PDB) (https://www.rcsb.org/). The selected ligands came from 2 plants, such 

as Murraya koenigii and Nigella sativa as described in Table 1. The positive control used was Sotorasib 

(Figure 1). The 3D structure of the compound was downloaded in SMILES format from the PubChem 

database. 

 

 
Figure 1. The molecular structure of Sotorasib as the positive control [15]. 

 

Table 1. Plants and ligand structure candidate for this study. 

https://www.azerbaijanmedicaljournal.com/
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Plants Ligand Ligand structure [15] 

   

Murraya koenigi Koenimbine 

 

 
 

Mahanine 

 

 
 

O-methyl murrayamine 

 

 
 

Murrayazoline 

 

 
 

Isolongifolene 

 
 

Nigella sativa Thymoquinone 

 

 
 

thymohydroquinone 
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Dithymoquinone 

 

 
 

Thymol 
 

 
 

Pylazoloanthrone 

 
 

Control positive 

Sotorasib  

 

 

3. METHODS 

 

3.1 Retrieval of KRAS receptors 

The KRAS receptor file with the code 6N2K was taken from the Protein Data Bank (PDB), RCSB. The 

receptor file with the code 6N2K was downloaded in “. mbd” format and its structure was viewed through 

the Molecular Operating Environment (MOE) application. 

 

3.2 Preparation of receptor (validation) 

The 6N2K receptor was pre-prepared by adding an incomplete hydrogen atom to correct the partial charge 

calculation and the polar bond coupled gasteiger charge was calculated for each atom of the molecule. Root 
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Mean Square Deviation (RMSD) value was obtained from the validation result of the docking method by 

calculating the value of the target protein and its original ligand. RMSD is a parameter used to see the 

similarity between the docking ligands and the crystallographic results. The docking method validation was 

carried out by MOE using two interaction methods, such as the flexible method and the rigid method [16]. 

The validated target protein can be said to be valid if the RMSD value is ≤2 Å [17]. 

 

3.3 Docking of the ligands with the receptor target 

The valid receptor was docked with 10 ligand compounds and a positive control using the MOE program, 

hence that parameters and data were obtained to determine the best ligand interaction with the receptor 

which was then compared with the positive control. 

 

4. RESULT AND DICUSSION 

The receptor chosen in this study to be the receptor for docking is PDB with the code 6N2K. 6N2K is a 

covalent inhibitor of KRAS-G12C which is an oncoprotein of homosapiens organisms [18]. The selection 

of the KRAS G12C receptor is based on nearly 30% of lung adenocarcinomas driven by this receptor [19]. 

The positive control used as a comparison for determining the best active constituent (ligand) was sotorasib. 

Sotorasib showed anticancer activity in lung cancer patients [20]. Sotorasib inhibits KRAS G12C by 

inhibiting reactivation via nucleotide exchange and allows it to meet the needs of lung cancer treatment 

[21]. 

 

Table 2. Results of KRAS (6N2K) receptor docking with several ligands 

Ligand ΔS (Joules/kg.mol) Ligand interaction 

Ligand  receptor 

Dithymoquinone -12.3107  R=O  Serine 17 

Isolongifolene -8.4089 - 

Koenimbine -9.4557 - 

Mahanine -11.7595 N-H  Tyrosine 22 

Murrayazoline -9.7756 - 

O-methyl murrayamine -11.5180 - 

Pylazolanthrone -10.8054 R=O  Glycine 15 

N-H  Aspartate 22 

Thymohydroquinone -10.3644 - 

Thymol -8.8725  Tyrosine 32 
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Thymoquinone -8.8084 R=O  Lysine 16 

Sotorasib (control positive) -11.8266   Aspartate 118 

 

4.1 Preparation and validation 

6N2K receptors were prepared before validation. This preparation process serves to prepare the receptor 

before validation. In the validation process, the RMSD value of 1.0896 was obtained in the first pose where 

that value was corresponding to the reference, which must be ≤ 2 [17]. 

 

Table 3. Ligand interaction with KRAS receptor (6N2K), a). Dithymoquinone, b). Isolongifolene, c). 

Koenimbine, d). Mahanine, e). Murrayazoline, f). O-methymurrayamine, g). Pylazoloanthroe, h). 

Thymohydroquinone, i). Thymol, j). Thymoquinone, k). Sotorasib (positive control). 

      
a)  

b) 

 

 
c)  

d) 
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e)  

f) 

    
g) 

 
 

h) 
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i)  

 
k) 

 

4.2 Docking 

10 compounds were selected from M. koenigii and N. sativa to be docked as candidates to determine 

whether they have an interaction with the KRAS receptor. Based on the docking results in Table 2, it was 

found that 5 ligands that interact through hydrogen bonds, such as dithymoquinone, mahanine, 

pylazoloanthrone, thymol and thymoquinone with conservative S value are -12.3107 Joules/kg.mol, -

11.7595 Joules/kg.mol, -10.8054 Joules/kg.mol, -8.8725 Joules/kg.mol, -8.8084 Joules/kg.mol, 

respectively. Hydrogen bonds occur when positive H atoms bond with negative atoms, in particular, F, N 

and O from other molecular compounds [22]. 

 

Meanwhile, the other 5 ligands, such as isolongifolene, koenimbine, murrayazoline, o-methyl murrayamine, 

and thymohydroquinone have no hydrogen or other bond formed between the ligand and protein. This 

indicates that there is no interaction between the ligand and the active site of the protein on the receptor 

j) 

https://www.azerbaijanmedicaljournal.com/
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target [23]. From the 10 ligands that have been successfully docked with the 6N2K receptor the ligand 

compound that has the strongest interaction is dithymoquinone because it has Gibbs free energy S value of -

12.3107 Joules/kg.mol. Compared with the positive control of sotorasib, when docked with the KRAS 

G12C receptor, there was interaction between the aromatic group of the sotorasib compound and the 

hydrogen atom in the amine group in amino acid aspartate number 118 with S value -11.8266 

Joules/kg.mol. The Gibbs free energy value S of dithymoquinone compound was lower than sotorasib. The 

more negative the value of the Gibbs energy, the stronger the hydrogen bonds [24]. Therefore, 

dithymoquinone compound is a comparable candidate with the positive control among all docking ligands. 

One in vitro study also showed that oil extract of N. sativa from black cumin seed with isolates of 

dithymoquinone were effective against cancer cells. When the oil from black cumin is heated, it has the 

potential to inhibit the expression of nuclear factor kappa B cells (NF-kB) transcription in cancer receptors 

[3]. 

 

4.3 Mechanism of sotorasib on KRAS 

Sotorasib is selective in inhibiting the rapid proliferation of cancer cells covalently and inhibiting the 

protein in its inactive form inhibiting KRAS G12C [11]. In normal cells, the KRAS receptor hydrolyses 

GTP to GDP and inactivates KRAS to enter the MAP kinase pathway to DNA in the nucleus. In cancer 

cells, mutations in KRAS G12C will interfere with the hydrolysis of GTP and make it always active so that 

it will continue its path through RAF/MEK/ERK (MAP kinase). On the downstream of this pathway, ERK 

activates transcription factors for tumor cell proliferation. 

 

Sotorasib is one of the drugs that can inhibit one of the oncogene mutations in cancer cells that have not 

previously been treated with a mutant KRAS receptor target [21]. Sotorasib is a chemical compound that 

can irreversibly inhibit KRAS G12C which can lock KRAS to bind to GDP so that the function of mutant 

KRAS will decrease [25]. When sotorasib is present, it will interact with KRAS mutase and hold the protein 

in its inactive form so that uncontrolled cell division does not occur. 

 

5. CONCLUSION 

Dithymoquione derived from the Nigella sativa (Black cumin) corresponds to sotorasib for ligand-

interaction when docked with the KRAS G12C receptor. This finding could be a potential new drug for 

lung cancer. However, further studies, such as in vitro, in vivo and clinical trials need to be conducted to 

confirm the activities, safety and efficacy of the new drug. 
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