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Abstract 

KRAS is a GTPase enzyme that regulates cell growth and division. Mutations in KRAS can 

lead to its permanent activation, resulting in uncontrolled cell growth and cancer 

progression. Approximately 30–44% of colorectal cancer cases harbor KRAS mutations, 

with 1–3% involving the KRASG12C variant. Historically considered "undruggable," recent 

advancements, such as Sotorasib, have demonstrated the potential to target KRASG12C 

effectively, making it a promising focus for drug discovery. Moringa oleifera, a plant rich 

in phytochemicals, is a potential source of bioactive compounds with therapeutic 

applications. In this study, 218 compounds derived from M. oleifera were screened using 

molecular docking, targeting KRASG12C. Quercetin (3) exhibited the lowest binding affinity 

(-9.37 kcal/mol) and showed interactions with key residues, including GLN100A, 

VAL104A, LYS17A, and TYR97A, suggesting a binding mechanism similar to that of 

Sotorasib as native ligand. The physicochemical analysis further revealed high 

gastrointestinal absorption, good lipophilicity, and favorable bioavailability scores for 

Quercetin (3), supporting its potential as a drug candidate. These findings highlight the 

potential of M. oleifera compounds, particularly quercetin (3), as inhibitors of KRASG12C in 

colorectal cancer. 

Keywords: colorectal cancer, KRASG12C, molecular docking, Moringa oleifera 

 

Introduction 

Cancer remains a leading cause of 

death worldwide, with colorectal cancer 

ranking as the second most common 

cancer-related death (904,019) and the 

third most common cancer by incidence at 

1.9 million worldwide in 2022 (Ferlay et 

al., 2021). In Indonesia, colorectal cancer 

ranked fourth in incidence, with 35,676 

cases and 19,255 deaths reported in 2022 

(Ferlay et al., 2021). Colorectal cancer 

can be caused by mutations in key genes 

that regulate cell division and growth, 

most notably the Kirsten Sarcoma 

(KRAS) gene. 

KRAS protein is a GTPase (guanosine 

triphosphatase) that has a role as a 

molecular switch. It regulates signals for 

the promotion of cell growth and division 

(Simanshu et al., 2017). KRAS is bound 

to GDP in its inactive state and will bind 

to GTP during signal activation. The 

process will activate crucial signaling 

pathways, such as the MAPK (mitogen-

activated protein kinase), for cellular 

proliferation and survival (Cully and 

Downward, 2008; Hobbs et al., 2016; 

Milburn et al., 1990). In cancer, this 

process is frequently dysregulated. KRAS 

mutations occur in approximately 30-44% 

of colorectal cancer, with 1-3% of 

mutation mutations affecting the 

KRASG12C (glycine at position 12 is 

replaced by cysteine) (Giannakis et al., 

2016; Neumann et al., 2009; Parikh et al., 

2022; Yaeger et al., 2018). The mutation 

locks KRAS in the GTP-bound state, 

which causes it to be permanently active. 
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In this state, cell growth cannot be 

controlled and will lead to cancer 

progression (Parikh et al., 2022). 

For many years, the KRAS protein was 

considered an impossible drug target. This 

is caused by several reasons including its 

structural properties, rapid cycling 

between active and inactive states, and 

also the absence of well-defined 

druggable pockets (Huang et al., 2021). 

However, in 2013, it was found that 

KRAS is a viable drug target. Currently, 

drugs such as Sotorasib (AMG-510) and 

Adagrasib (MRTX849) have been 

clinically approved to target the 

KRASG12C mutation, the structure has 

shown in Figure 1. (Ostrem et al., 2013; 

Canon et al., 2019; Jänne et al., 2022). 

This makes KRAS an interesting protein 

to be explored as a potential target for 

developing new drugs with natural 

products like M. oleifera.  
 

 
Figure 1. The structure of Sotorasib (1) and Adagrasib (2) 

 

Moringa oleifera is a plant rich in 

secondary metabolites. It is abundant with 

phytochemicals, such as flavonoids (Lin 

et al., 2018), alkaloids (Sahakitpichan et 

al., 2011; Xie et al., 2021), saponin 

(Sharma and Paliwal, 2014), tannin, and 

isothiocyanate (Waterman et al., 2014) 

and some of these compounds have been 

reported to possess various biological 

activities, including antioxidant (Tukiran 

et al., 2020), anti-inflammatory, 

antidiabetic, and anticancer properties 

(Mthiyane et al., 2022). The in silico 

study of Moringa oleifera also 

demonstrated its potential anticancer 

activity through the inhibition of the BAX 

protein. Quercetin, identified as the active 

compound, showed a strong binding 

affinity to the target protein (Mumtaz et 

al., 2021). These findings suggest that 

Moringa oleifera is a promising and 

interesting source for the development of 

novel therapeutic agents 

From the various phytochemical 

compounds reported in M. oleifera (Aja et 

al., 2021; Kashyap et al., 2022; Sivani et 

al., 2021; Teclegeorgish et al., 2021), it is 

hypothesized that some of these 

compounds may have the potential of 

novel therapeutic agents to inhibit the 

KRASG12C mutation in colorectal cancer 

as well. To explore this possibility, 

structure-based virtual screening has been 

used. This computational technique 

allows for the rapid scanning of a library 

of small compounds by docking them into 

the binding pocket of a protein or enzyme, 

differentiating between predicted active 

and inactive compounds (Kontoyianni, 

2017). Therefore, this study aims to 

evaluate the binding affinity and potential 

inhibitory effects of Moringa oleifera 

compounds on the KRASG12C protein 

using virtual screening, with the goal of 

identifying potential new drug candidates 

for colorectal cancer. 

 

Research Methods 

Ligand library preparation (datasets) 

A total of 218 compounds derived 

from M. oleifera were selected for virtual 

screening. Of these, 169 compounds were 
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retrieved from the Natural Product 

Activity and Species Source Database 

(NPASS) (Zhao et al., 2023) while the 

remaining 49 compounds were sourced by 

additional literature (Aja et al., 2021; 

Kashyap et al., 2022; Sivani et al., 2021; 

Teclegeorgish et al., 2021). The 

Simplified Molecular-Input Line-Entry 

System (SMILES) format of the 

compounds was compiled to create the 

ligand library. The screening of drug-like 

and lead-like properties was performed 

using OpenBabel, applying Lipinski's 

Rule of Five (Ro5) alongside Ghose and 

Veber filters (Castro-González et al., 

2020; O’Boyle et al., 2011). The screened 

compounds were then converted into a 

three-dimensional structure using the 

Balloon software (Puranen et al., 2010). 

Afterward, the structures were protonated 

at physiological pH (7.4), and 

geometrically optimized using the 

MMFF94 force field in the OpenBabel 

program.  

 

Molecular docking for native ligand 

The structure of the protein target, 

human KRASG12C, bound to the native 

ligand Sotorasib (AMG 510), was 

obtained from the RCSB Protein Data 

Bank (PDB: 6OIM) (Canon et al., 2019). 

For docking analysis, the Sotorasib 

structure was modified to its original state 

before it was formed a covalent bond with 

cysteine-12. The protein target and native 

ligand were prepared using the DockPrep 

tools in UCSF Chimera ver. 1.17.3 

(Pettersen et al., 2004). The redocking 

procedure between the target protein and 

native ligand was carried out using the 

SMINA software (Koes et al., 2013). The 

DockRMSD program (Bell and Zhang, 

2019) was used to calculate the RMSD 

value, the docking parameter was 

considered valid when the RMSD value is 

≤ 2.0 Å. (Da Fonseca et al., 2024). The 

docking parameters were then used for 

virtual screening. 

 

Molecular docking and virtual screening  

The virtual screening between the M. 

oleifera compounds library and the 

prepared protein target was carried out by 

the SMINA software using the optimized 

docking parameter (Koes et al., 2013). 

The docking results were then ranked by 

the top ten highest affinity values using 

the sdsorter program. 

 

Visualization, interaction analysis, and 

physicochemical properties prediction   

The docking results were analyzed and 

visualized by the Protein-Ligand 

Interaction Profiler (PLIP) website 

(https://plip-tool.biotec.tu-

dresden.de/plip-web/plip/index) and 

PyMOL ver. 2.5.4 (Schrodinger, 2015) to 

compare and identify the types of 

interactions such as hydrogen bonds, 

hydrophobic contacts, π-stacking, and 

cation-π interactions between ligand 

candidate-receptors and native ligand-

receptors (Adasme et al., 2021). The 

physicochemical prediction of the ligands 

was conducted using the SwissADME 

website 

(http://www.swissadme.ch/index.php) 

(Daina et al., 2017).  

 

Results and Discussion 

Protein target 

The crystal structure of the human 

protein KRASG12C was used in this study 

as a protein target, with Sotorasib as the 

native ligand. Previously, Sotorasib was 

reported to form a covalent bond with 

cysteine-12 in the KRASG12C mutant 

(Canon et al., 2019). However, this study 

focuses exclusively on molecular docking 

for non-covalent interactions to efficiently 

screen compounds for their initial binding 

potential and identify promising leads for 

further exploration. To align with this 

focus, Sotorasib was modified into its 

non-covalently bound state before the 

molecular docking process, as shown in 

Figure 2. The protein target was then 

separated from the native ligand and 

redocked to validate the docking 

parameters. Validation was confirmed by 

https://plip-tool.biotec.tu-dresden.de/plip-web/plip/index
https://plip-tool.biotec.tu-dresden.de/plip-web/plip/index
http://www.swissadme.ch/index.php
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the root mean square deviation (RMSD), 

which was calculated as 0.541 Å (< 2 Å), 

demonstrating the reliability of the 

docking procedure.

 

 
(a) 

 
(b) 

Figure 2. Binding interactions of Sotorasib (shown in cyan) with KRASG12C, (a) covalently 

bound state (shown in red circle) with cysteine (b) non-covalently bound state  

 

Virtual screening  

Virtual screening was conducted on 

218 compounds reported from M. oleifera 

with the first screening performed to 

evaluate the drug-likeness of the 

compounds using the combination of 

Lipinski’s rule of five (MW ≤ 500), 

Ghose’s rule (MW 160 ≤ MW ≤ 480) and 

Veber’s rule (the polar surface area ≤ 140 

Å and the number of rotatable bonds ≤ 10) 

(Ghose et al., 1999; Lipinski, 2001; Veber 

et al., 2002). The virtual screening results 

showed 74 compounds met the combined 

criteria. The compounds were then ranked 

based on the binding affinity values and 

10 compounds with the lowest values 

were selected for further analysis. Binding 

affinity is often expressed as Gibbs free 

energy (ΔG) which quantifies the stability 

of the ligand-receptor complex. A lower 

ΔG indicates a spontaneous and 

thermodynamically favorable binding 

process. This will cause stronger and 

more favorable interactions that make the 

ligand bind tightly to the receptor (Du et 

al., 2016). The structure of the top ten 

compounds is shown in Figure 3. 

 

 

Figure 3. The top 10 compounds were isolated from M. oleifera that pass the drug-likeness 

criteria and have the lowest binding affinity viz. Quercetin (3), Dihydroquercetin (4), 

(1R,2R,7S,10S,13R,14R,16S,19S,20S)-19-(furan-3-yl)-9,9,13,20-tetramethyl-4,8,15,18-

tetraoxahexacyclo[11.9.0.02,7.02,10.014,16.014,20]docosane-5,12,17-trione (5), 

Epicatechin (6), Luteolin (7), 5-hydroxy-10-methoxy-2,2,11-trimethylpyrano[3,2-

b]acridin-6-one (8), Pinoresinol (9), Kaempferol (10), Rhamnaetin (11), 5-

Methoxynoracronycine (12) 
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The screening results indicate that 

compound (3) (quercetin), has the lowest 

binding affinity value of -9.37179 

kcal/mol. It is followed by compound (4) 

(dihydroquercetin) and compound (5) 

with the binding affinity value of -

9.03297 kcal/mol and -8.91905 kcal/mol, 

respectively. The native ligand 

(Sotorasib) has a binding affinity of -10.2 

kcal/mol. Although the binding affinities 

values of these compounds are slightly 

higher than that of the native ligand, they 

still exhibit strong interactions with the 

target protein, suggesting that they have 

potential as KRASG12C inhibitors. The list 

of the binding affinity values of the top ten 

compounds is shown in Table 1.

 

Table 1. Analysis of interactions and the amino acid residue parts involved in the 

interactions using PLIP. 

Compounds 

Binding 

affinity 

(kcal/mol) 

Type of 

interaction 
Residue 

Sotorasib (1) -10.2 

Hydrophobic 

interaction 

PRO35A, GLU64A, 

HIS96A, TYR97A, 

TYR97A, GLN100A 

GLN100A, VAL104A 

H-bond LYS17A, GLU64A 

Π-stacking TYR97A, TYR97A 

Quercetin (3) -9.37179 

Hydrophobic 

interaction 
GLN100A, VAL104A 

H-bond 

LYS17A, THR59A, 

GLY61A, ARG69A, 

ARG69A, GLN100A 

Π-stacking TYR97A 

Cation-Π 

interactions 
ARG69A 

Dihydroquercetin (4) -9.03297 

Hydrophobic 

interaction 

VAL10A, THR59A, 

TYR97A, GLN100A 

H-bond 

THR59A, GLU63A, 

ARG69A, ARG69A, 

TYR97A 

Π-stacking TYR97A 

(1R,2R,7S,10S,13R,14R,

16S,19S,20S)-19-(furan-

3-yl)-9,9,13,20-

tetramethyl-4,8,15,18-

tetraoxahexacyclo[11.9.0

.02,7.02,10.014,16.014,2

0]docosane-5,12,17-

trione (5) 

-8.91905 

Hydrophobic 

interaction 

TYR97A, TYR97A, 

GLN100A, GLN100A 

H-bond ARG69A 

Salt bridges ARG69A 

Epicatechin (6)  -8.88955 

Hydrophobic 

interaction 
VAL104A 

H-bond 

GLY11A, GLY11A, 

LYS17A, THR59A, 

TYR97A 

Π-stacking TYR97A 
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Luteolin (7) 
-8.79014 

 

Hydrophobic 

interaction 
GLN100A, VAL104A 

H-bond 

LYS17A, THR59A, 

GLU64A, ARG69A, 

GLN100A 

Π-stacking TYR97A 

Cation-Π 

interactions 
ARG69A 

5-hydroxy-10-methoxy-

2,2,11-

trimethylpyrano[3,2-

b]acridin-6-one (8)  

-8.65297 

Hydrophobic 

interaction 

VAL10A, GLN62A, 

TYR97A, GLN100A 

H-bond LYS17A, THR59A 

Π-stacking TYR97A 

Cation-Π 

interactions 
ARG69A 

Pinoresinol (9) -8.60571 

Hydrophobic 

interaction 

VAL10A, HIS96A, 

TYR97A, TYR97A 

H-bond 
ARG69A, ARG69A, 

ASP93A 

Kaempferol (10) -8.46609 

Hydrophobic 

interaction 

TYR97A, TYR97A, 

GLN100A 

H-bond 
LYS17A, GLN62A, 

ARG69A, ARG69A 

Cation-Π 

interactions 
ARG69A 

Rhamnetin (11)  -8.34927 

Hydrophobic 

interaction 
GLN100A 

H-bond 
LYS17A, GLY61A, 

ARG69A, GLN100A 

5-Methoxynoracronycine 

(12)  
-8.30672 

Hydrophobic 

interaction 

VAL10A, THR59A, 

GLU64A, TYR97A 

H-bond TYR97A 

In addition to binding affinity, the 

interactions between the ligands and 

KRASG12C were also analyzed. Using the 

PLIP website, the interaction of the native 

ligand Sotorasib with KRASG12C revealed 

several key interactions, including 

hydrophobic interactions with residues 

GLU64A, HIS96A, TYR97A, GLN100A, 

and VAL104A; hydrogen bonds with 

LYS17A and GLU64A; and π-stacking 

with TYR97A. 

The top three ligands, compound (3) 

(quercetin), (4) (dihydroquercetin), and 

compound (5), showed interactions with 

key residues. Quercetin, for example, 

exhibited similar interactions to 

Sotorasib, including two hydrophobic 

interactions with GLN100A and 

VAL104A, one hydrogen bond with 

LYS17A, and the same π-stacking with 

TYR97A. Dihydroquercetin also formed 

hydrophobic interactions with TYR97A 

and GLN100A and π-stacking with 

TYR97A as well. Compound (5) also 

showed hydrophobic interaction with 

TYR97A and GLN100A. The interaction 

of these compounds with key residues 

indicates that the three compounds might 

have a comparable binding mechanism to 

their native ligand and could potentially 

target the KRASG12C protein effectively. 

The visualization of the interaction is 

shown in Figure 4.
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(a) (b) 

  

  

(c) (d) 

 
Figure 4. Molecular interactions between the KRASG12C protein and (a) Sotorasib (1), (b) 

Quercetin (3), (c) Dihydroquercetin (4), and (d) Compound (5)  

 

Physicochemical analysis   

Computational methods for predicting 

physicochemical properties offer an 

effective alternative to experimental 

procedures in living organisms. The 

SMILES of the top 10 compounds from 

molecular docking were input into the 

SwissADME database to assess various 

parameters, including molecular weight, 

lipophilicity, pharmacokinetics, drug-

likeness, and lead-likeness (Daina et al., 

2017). The Physicochemical analysis 

results are presented in Table 2. 

Based on the Physicochemical 

analysis, all ligands derived from 

Moringa oleifera exhibited good 

lipophilicity shown by the consensus 

LogP (the average of the LogP values 

predicted by the five methods used in 

SwissADME), for the top three rank 

ligands, the value is <5 means that it has 

good lipophilicity. The prediction also 

showed that all the top ten rank 

compounds have a high gastrointestinal 

value, making it a good candidate for 

colorectal cancer treatment. In addition to 

the Lipinski, Ghose and Veber rule, which 

has been used to predict the drug-likeness 

criteria for the virtual screening, the 

SwissADME prediction also shows 

prediction based on Egan and Muegge's 

prediction. All of the 10 compounds show 

drug-likeness based on these two 

predictions. It also gives an Abbot 
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bioavailability score (Martin, 2005) of 

0.55, meaning that the compounds have a 

good drug-likeness score. Based on the 

lead likeness by Teague (Teague et al., 

1999), most of the compounds showed 

lead-like properties meaning it’s easy for 

them to go under chemical modification, 

except for compounds (5) and (9) which 

have molecular weights > 350 g/mol and 

compounds (8) and (12) which are highly 

lipophilic (XLOGP3>3.5). 

 

Table 2. Physicochemical analysis of top ten rank M. oleifera compounds  

Compound 
MW 

(gram/mol) 

Lipophilicity 
Pharmaco-

kinetics 
Druglikeness 

Medicinal 

Chemistry 

Consensus 

Log P o/w 

GI 

absorption 
Egan Muegge 

Bio-

availability 

Score 

Lead-

likeness 

3 297.196 1.23 High Yes Yes 0.55 Yes 

4 297.196 0.51 High Yes Yes 0.55 Yes 

5 440.273 2.54 High Yes Yes 0.55 

No; 1 

violation: 

MW>350 

6 281.197 0.85 High Yes Yes 0.55 Yes 

7 280.189 1.73 High Yes Yes 0.55 Yes 

8 319.226 3.33 High Yes Yes 0.55 

No; 1 

violation: 

XLOGP3>3.5 

9 338.226 2.26 High Yes Yes 0.55 

No; 1 

violation: 

MW>350 

10 280.189 1.86 High Yes Yes 0.55 Yes 

11 308.199 1.63 High Yes Yes 0.55 Yes 

12 319.226 3.25 High Yes Yes 0.55 

No; 1 

violation: 

XLOGP3>3.5 

The virtual screening of 218 Moringa 

oleifera compounds identified 74 

compounds that met drug-likeness criteria 

based on Lipinski's, Ghose's, and Veber's 

rules. Quercetin (3) (-9.37 kcal/mol), 

dihydroquercetin (4) (-9.03 kcal/mol), and 

compound (5) (-8.92 kcal/mol) emerged 

as the top candidates based on their 

binding affinity, which was comparable to 

the native ligand Sotorasib (1) (-10.2 

kcal/mol). Interaction analysis revealed 

that these compounds engage with key 

KRASG12C active site residues, 

including GLN100A, VAL104A, 

LYS17A, and TYR97A, through 

hydrophobic interactions, hydrogen 

bonding, and π-stacking, suggesting a 

similar binding mechanism to Sotorasib. 

The physicochemical analysis further 

supported these findings, with the top 

compounds exhibiting good lipophilicity 

(LogP<5), high gastrointestinal 

absorption, and favorable bioavailability 

scores (Abbott score 0.55). Most of the 

compounds also showed lead-like 

properties.  

In addition to its strong binding 

affinity, quercetin (1) has been previously 

reported to induce apoptosis in KRAS-

mutant colorectal cancer cells, including 

KRASG13D, by activating the JNK 

pathway and inhibiting the AKT pathway 

(Yang et al., 2019). Activation of the JNK 

pathway is crucial for apoptosis, as 

blocking JNK activity prevents cell death 

in KRAS-mutant cells treated with 

quercetin. These findings support 

quercetin's potential as an anticancer 

agent for targeting KRAS mutations in 

colorectal cancer (Roni et al., 2021) 

However, since this study only 

investigated non-covalent interactions, 

future research should explore quercetin 

derivatives with functional groups 
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capable of forming covalent bonds with 

the cysteine residue of KRASG12C, similar 

to inhibitors like ARS-853 and ARS-

1620. These covalent inhibitors have been 

shown to bind specifically to the active 

site of KRASG12C and improve therapeutic 

potential in both in vitro and in vivo 

models (Hansen et al., 2018). The 

research highlights the potential of 

Moringa oleifera compounds, particularly 

quercetin (3), as promising inhibitors of 

KRASG12C. Their favorable binding 

profiles, ability to interact with key 

residues, and previously reported 

apoptotic effects in KRAS-mutant cells 

suggest they may serve as a basis for 

developing novel therapeutic agents for 

colorectal cancer.  

 

Conclusions 

In conclusion, this study suggests that 

bioactive compounds from Moringa 

oleifera leaves, particularly quercetin (3), 

show potential as inhibitors of KRASG12C 

in colorectal cancer. This is supported by 

their low binding affinity and key 

interactions that are similar to native 

ligands, including hydrophobic 

interactions (GLN100A, VAL104A), 

hydrogen bonds (LYS17A, GLN100A), 

and π-stacking (TYR97A). Nevertheless, 

further studies, such as covalent docking 

and experimental validation, are 

necessary to confirm these findings. 
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