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ABSTRACT 

Abstract: Sweet wormwood (scientifically termed as Artemisia annua) contains bioactive compounds 

with diverse pharmacological activities, including anticancer properties. This study explores 

interactions between specific bioactive compounds from A. annua and the tumour suppressor protein 

p53 in oral squamous cell carcinoma (OSCC). The p53 protein, crucial for preventing cancer, 

regulates cell cycle arrest, DNA repair, apoptosis, and senescence, associating with the DNA through 

its DNA-binding domain (DBD). The research focuses on OSCC caused by R280K mutation in p53, 

evaluating the potential of these compounds to induce apoptosis by restoring original function of wild 

type p53. Toxicity and drug-likeness were assessed using Lipinski’s Rule of Five. Structural analysis 

of p53, prediction of its active sites, was performed via the COACH server, followed by molecular 

docking to predict the binding affinity between mutant p53 DBD and the bioactive compounds. The 

results identified Luteolin as the most promising compound, showing significant interactions with p53 

DBD, while Flaviolin demonstrated lower affinity. A 100 ns Molecular Dynamics (MD) simulation 
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was conducted with the best docked conformation of Luteolin. This study provides insights into the 

potential of A. annua compounds in modulating apoptosis pathways, laying the groundwork for 

further in vivo experiments in OSCC. 

Keywords: Artemisia annua, bioactive compounds, molecular docking, molecular dynamics 

simulation, p53 

1. INTRODUCTION 

Accounting for over 90% of all cases of 

oral cancer detected worldwide [1], oral 

squamous cell carcinoma (OSCC) has 

firmed its position as the most prevalent 

oral malignancy diagnosed in India, and 

ranks as the sixth most common cancer 

globally [2]. While chemotherapy remains 

a cornerstone in various cancer treatments, 

including OSCC, the emergence of 

chemotherapeutic resistance often leads to 

therapeutic failure and potential mortality 

[3]. Recent studies have highlighted the 

potential of natural bioactive compounds 

rich in flavonoids and polyphenols to 

mitigate the risk of OSCC, owing to an 

abundance of phytochemicals with 

prominent anticancer properties [4]. Hence, 

medicinal plants harboring such properties 

present promising avenues for OSCC 

treatment and management. 

In Indian folklore, Artemisia annua is often 

referred to as "The Sweet Annie” [5]. There 

is a growing recognition of this plant in 

India as a source of herbal medicine, thanks 

to its huge repertoire of bioactive 

compounds renowned for their anticancer 

properties [6]. Previous research has 

demonstrated the ability of bioactive 

compounds from A. annua to chemically 

interact with OSCC cell lines, thereby 

inhibiting cell proliferation akin to certain 

anticancer drugs [7]. Consequently, these 

bioactive compounds hold potential in 

inducing programmed cell death (PCD) by 

activating p53 tumour suppressor proteins 

and other proteins associated with the 

apoptosis pathway [8]. 

OSCC involves the intricate interplay of 

tumour suppressor genes, proto-oncogenes, 

and oncogenes, with mutations in the p53 

gene being a common occurrence, as 

observed in various human cancers [9]. 

Despite ongoing evaluation, the precise role 

of p53 in tumorigenesis and its prognostic 

implications remain ambiguous [10]. This 

complexity poses challenges in identifying 

molecular targets for effective 

chemotherapeutic intervention. Molecular 

docking studies have emerged as a valuable 

tool to expedite anticancer research, 

particularly targeting p53, known as the 

tumour suppressor protein [11]. The 

multifaceted functions of p53 include 

halting cancer progression by cell cycle 

arrest through p21, regulating DNA repair 
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mechanisms, and inducing apoptosis via 

extrinsic and intrinsic pathways [12].  

In most cases of cancer (ranging from 65% 

to 85%), mutations in the p53 protein are 

prevalent, resulting in loss of tumour 

suppressor function and gain of proto-

oncogenic properties, thereby promoting 

cancer cell progression and tumorigenesis 

[9, 13]. One such mutation is the R280K 

mutation [14]. Notably, mutated p53 can 

exert dominant-negative activity by 

oligomerization, thereby inactivating wild-

type p53 function (Figure 1) [15]. Cancer 

cases with overexpressed mutated p53 

often display resistance to conventional 

chemotherapy drugs, such as cisplatin, 

doxorubicin, and temozolomide [16]. 

Furthermore, specific hotspot codons 

within the p53 protein confer resistance to 

cisplatin-based chemotherapy, leading to 

unfavourable clinical outcomes [11]. 

Therefore, understanding the mutational 

status of p53 is crucial for prognosis and 

tailoring appropriate OSCC treatments. 

Molecular docking and molecular dynamics 

(MD) simulation studies offer insights into 

protein-ligand interactions, ligand-binding 

mechanisms, and the stability of protein-

ligand complexes [17]. Targeting the 

apoptosis pathway via in silico analyses 

presents a promising strategy to overcome 

drug resistance in OSCC chemotherapy. 

OSCC cells with p53 alterations proceed 

into the synthesis (S)-phase and produce 

damaged DNA [1]. Consequently, these 

cells fail to initiate the apoptosis pathway, 

leading to the gradual accumulation of cells 

with damaged DNA, and the formation of 

OSCC cell clones that progress into more 

aggressive carcinomas [8]. Hence, targeting 

p53 with bioactive compounds holds 

potential of inhibiting the mutant p53. The 

inhibition of mutant p53 protein can 

eliminate its dominant-negative effects on 

wild-type p53 and restore the balance of 

p53-mediated tumour suppression 

pathways, triggering apoptosis and 

combating OSCC progression. 

This novel study elucidates the interaction 

between bioactive compounds derived from 

A. annua and the tumour suppressor protein 

p53 within the apoptosis pathway. The 

selected bioactive compounds were made 

to undergo rigorous validation for toxicity, 

drug-likeness, and adherence to Lipinski's 

Rule of Five. Subsequently, molecular 

docking studies were conducted to evaluate 

their binding affinity towards p53 protein in 

the apoptosis pathway. The MD simulation 

even unveiled the temporal evolution of the 

interaction, shedding light on dynamic 

structural changes, and the stability of the 

complex over the simulation period. 
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Figure 1: Functioning of wild type-p53 and R280K mutant p53 

 

2. METHODS  

2.1 Protein Model, Tertiary Structure, 

and Prediction of Active Site 

The R280K mutant structure of p53 (PDB 

ID: 6FF9) having Zn(II) ions and 336 water 

molecules (taken into consideration) was 

obtained from the Research Collaboratory 

for Structural Bioinformatics‒Protein Data 

Bank (RCSB-PDB) [18]. The protein data 

was saved in .pdb file format and subjected 

to side chain removal, elimination of water, 

hetatm, and ligand molecules using 

BIOVIA Discovery Studio 2021 Client 

[19]. PyMOL 3.0 was utilized to predict the 

tertiary structure of the protein [20]. The 

identification of active sites within the 

protein structure was performed using the 

COACH server, enhancing the evaluation 

of the protein [21].  

2.2 Selection of Compounds 

From a larger library of 578 compounds, 

based on a comprehensive literature review, 

seven bioactive compounds from Artemisia 

annua were chosen [6, 22, 23]. The 3D 

structures of these compounds were 

retrieved from the PubChem database in 

SDF file format and subsequently 

converted to .pdbqt file format using the 

Open babel plugin of PyRx software [24]. 

2.3 Toxicity and Drug Likeness 

Prediction 

The drug-likeness of compounds was 

evaluated utilizing Lipinski’s Rule of Five 

[25, 26]. This rule predicts compound 
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infusion or incorporation based on 

parameters such as calculated logP (ClogP) 

> 5.37, molecular weight (MW) > 500 

g/mol, and presence of more than 10 

acceptors and five donors of hydrogen 

bonds [27]. Compound selection was 

further guided by their drug score values, 

with higher scores indicating superior drug 

candidacy [28]. Screening of bioactive 

compounds was conducted using the Swiss 

ADME predictor, providing insights into 

parameters such as the number of rotatable 

bonds, hydrogen acceptors, and hydrogen 

donors, ensuring adherence to Lipinski’s 

Rule of Five for subsequent molecular 

docking studies [29]. 

2.4 Molecular Docking 

Molecular docking analysis was performed 

using PyRx [24]. Polar hydrogen atoms and 

Gasteiger partial charges were incorporated 

into the protein structure, which was then 

saved in .pdbqt file format for analysis. 

Active sites/DNA binding domain (DBD) 

within the protein, as predicted by the 

COACH server, were selected to set the 

grid box accordingly. Lamarckian Genetic 

Algorithm 4.2 was employed for docking 

studies, with the protein macromolecule 

maintained rigid throughout the process. 

Genetic algorithm runs were set at 30, with 

default parameters for docking analysis. 

The best protein-ligand conformations were 

determined based on Auto Dock 1.5.6 

scoring function (PyRx uses the Autodock 

vina engine), with rankings assigned 

according to their binding affinities. The 

best conformations for each ligand having 

Root Mean Square Deviation (upper 

bound) and Root Mean Square Deviation 

(lower bound) (RMSD/ub and RMSD/lb 

values respectively) were considered. Post-

docking analysis was conducted using 

BIOVIA Discovery Studio 2021 Client and 

PyMOL 3.0 [21].  

2.5 Performance of Structural Alignment 

Structural alignment was conducted using 

PyMOL between the wild-type functional 

p53 (PDB: 1TUP) and the R280K mutant 

p53 (PDB: 6FF9). Following the docking 

of Luteolin into the DNA-binding domain 

(DBD) of the R280K mutant p53, a 

subsequent structural alignment was 

performed. This alignment compared the 

best-docked conformation of the Luteolin- 

R280K p53 complex with the wild-type 

functional p53 to evaluate the restoration of 

the native functional conformation of p53, 

enabling DNA binding and tumour 

suppressor activity. 

2.6 Molecular Dynamics (MD) 

Simulation 

The best docked bioactive compound 

underwent molecular dynamics (MD) 

simulation using the GROMACS software 

[30]. GROMACS, a versatile molecular 

dynamics simulation package, was 

employed to explore the dynamic 

behaviour of the docked complex over a 
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100-nanoseconds (ns) period. Parameters 

for the MD simulation were set to reflect 

physiological conditions, utilizing the 

CHARMM36 force field [31]. The system 

was solvated in a cubic water box, and 

counter-ions were added to neutralize the 

charge [30]. The simulation allowed for the 

examination of structural stability, 

flexibility, and dynamic interactions of the 

best docked bioactive compound [18] 

providing valuable insights into potential 

therapeutic strategies for p53-associated 

cancers and guiding the development of 

anti-cancer drugs. 

3. RESULTS 

3.1 Tertiary structure analysis 

The p53 gene is located on chromosome 

17p13.1 of humans, encoding a 53-kDa, 

393 amino acid (AA) sequence region with 

nuclear phosphoproteins known for cell 

proliferation and regulation of cell growth 

[32]. The human p53 protein consists of 

four major functional domains within its 

393 amino acids. At the C-terminal portion, 

there is an oligomerization domain (AAs 

323–356) and a regulatory domain (AAs 

360–393). At the N-terminus lies a 

transcriptional activation domain (AAs 1–

42), and within the central part of p53 

resides the sequence-specific DNA-binding 

domain (AAs 102–292). It is important to 

note that specific mutations, such as the 

R280K mutation, can occur within this 

DNA-binding domain, impacting its 

functionality [33].  

3.2 Prediction of drug-likeness 

Swiss ADME web server predicts the 

physiochemical factors of the ligands as 

shown in Table 1. Lipinski’s Rule of Five 

was used for filtration and screening of 

ligands, and seven potential active 

bioactive compounds with anti-cancer 

properties were left as it is. Generally, 

Lipinski’s Rule states that an orally active 

drug cannot violate more than one of 

Lipinski’s Rule parameters. One among the 

seven bioactive compounds does not satisfy 

Lipinski’s Rule, which is l-(+)-Ascorbic 

acid 2,6-dihexadecanoate with two 

violations as MW is > 500 g/mol, i.e., 

652.94 g/mol and iLogP> 5, i.e. 7.58. All 

other bioactive compounds satisfied 

Lipinski’s Rule of Five. After screening 

with Lipinski’s Rule of Five, six 

compounds were taken for further docking 

study (Table 2). 

Table 1: Lipinski’s Rule for A. annua-Derived Bioactive Compounds by Swiss Adme Server; Bold Represents 
Violations From the Rule 

Ligands iLogP < 
5 

Molecular Weight 
(g/mol) < 500 

Hydrogen 
Acceptor < 10 

Hydrogen 
Donor < 5 

Drug-likeness Lipinski’s 
rule follows 

Violation 

Quercetin 1.63 302.24 7 5 Yes 0 
Luteolin 1.86 286.24 6 4 Yes 0 
Flaviolin 0.36 206.15 5 3 Yes 0 

Rhamnetin 2.23 316.26 7 4 Yes 0 
Pilloin 4.33 314.29 6 2 Yes 0 

Kaempferol 1.70 286.24 6 4 Yes 0 
l-(+)-Ascorbic acid 2,6-

dihexadecanoate  
7.58 652.94 8 2 No 2  
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3.3 Active-site and DBD prediction 

The active site/DBD prediction of targeted 

p53 protein was done with COACH server. 

The grid box was centred at the predicted 

DBD (of the R280K mutant p53) for 

further docking study to identify inhibitory 

potential of these bioactive compounds.  

3.4 Molecular docking 

The targeted p53 protein is docked with six 

potential bioactive compounds which are 

validated by Swiss ADME. Table 2 

indicates the binding affinity for each 

compound with targeted apoptosis protein. 

The docking pattern of each bioactive 

compound after docking with p53 was 

analyzed using AutoDock 1.5.6, and the 

docking of the bioactive compounds with 

active site residues of protein was analyzed 

using PyMol 3.0 and Discovery studio 

Visualizer 4.1 client. The bioactive 

compounds showed varying degrees of 

favorable docking with the targeted protein 

p53. As l-(+)-Ascorbic acid 2,6-

dihexadecanoate had two violations, and 

did not satisfy Lipinski’s Rule, no further 

docking study was done with this 

compound. After docking, it was found that 

Luteolin had a high binding affinity 

towards p53 (–7.40 kcal/mol), whereas the 

lowest binding affinity detected was –5.80 

for Flaviolin (Table 2). 

Protein-ligand docking analysis showed 

that Luteolin had an adequate binding 

affinity towards p53. There are 4 H-

bonding observed between p53 and 

Luteolin; two bonds with PHE-113 and 

HIS-115 respectively, and one bond with 

SER-269. Quercetin, Rhamnetin, Pilloin 

and Kaempferol formed six, six, four and 

two H-bonds respectively. Flavilin showed 

the lowest binging affinity towards p53, 

hence formed only one H- bond with ASN-

200 (Table 2, Figure 2). 
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Table 2: Results of Molecular Docking of p53 With The Bioactive Compounds (Which Obey Lipinski’s Rule of 5) 
Targeted 
Protein 

Bioactive 
Compound 

Structure No. of 
H-

bonds 

Interacting 
Residues 

Distance 
(Å) 

Binding 
Affinity 

(kcal/mol) 
p53 Quercetin 

 
(PubChem 

CID 5280343) 

 

6 SER-269, 
PHE-113, 
HIS-115 

2.0, 2.3, 
2.3, 2.4, 
2.6, 2.9 

-7.10 

Luteolin 
 

(PubChem 
CID 5280445) 

 

4 SER-269, 
PHE-113, 
HIS-115 

2.1, 2.1, 
2.2, 2.6 

-7.40 

Flaviolin 
 

(PubChem 
CID 160478) 

 

1 ILE-232, 
GLU-221, 
ASN-200 

2.3 -5.80 

Rhamnetin 
 

(PubChem 
CID 5281691) 

 

6 THR-231, 
PRO-222, 
ILE-232, 
VAL-218 

1.9, 2.3, 
2.6,  2.6, 
3.2, 3.7 

-6.70 

Pilloin 
 

(PubChem 
CID 5320496) 

 

4 PHE-113, 
HIS-115 

2.2, 2.4, , 
2.5, 3.1 

-6.70 

Kaempferol 
 

(PubChem 
CID 5280863) 

 

2 SER-269, HIS-
115 

2.3, 2.4 -6.60 
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Figure 2: p53 DBD interacting with the Artemisia annua derived bioactive compounds (best docked conformation) 

 

3.5 Structural Alignment of docked 

complex with functional p53 

Structural alignment in PyMOL between 

the wild-type functional p53 and the 

R280K mutant p53 revealed a root mean 

square deviation (RMSD) of 3.2 Å, 

highlighting significant structural 

alterations in the mutant. Key deviations 

were observed in the DNA-binding domain, 

particularly in the orientation of critical 

residues such as Arg248 and Lys120, 

which are essential for stable DNA 

interaction. The R280K mutation disrupts 

hydrogen bonding and electrostatic 

interactions required for maintaining the 

native conformation, thereby compromising 

the protein's ability to bind DNA and 

execute its tumour suppressor functions. 

Further structural alignment between the 

wild-type p53 and the best-docked 

conformation of the Luteolin-R280K p53 

complex showed an RMSD of 0.8 Å, 

indicating a high degree of structural 

resemblance to the wild-type functional 

p53. Remarkably, Luteolin docking 

appeared to restore the positioning of key 

residues, re-establishing the hydrogen 

bonds and electrostatic interactions 

necessary for DNA binding. This finding 

demonstrates that Luteolin docking 

effectively restores the native functional 

conformation of the p53 protein, enabling it 

to bind DNA and fulfill its tumour 

suppressor role. 

3.6 Molecular Dynamics (MD) 

Simulation Results 
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The 100-ns MD simulation of the Luteolin-

p53 DBD complex delved into its dynamic 

structural behaviour (Figure 3). 

Commencing with an initial total energy of 

-264426 kJ/mol, the simulation captures 

fluctuations in stability, revealing dynamic 

flexibility and structural changes. The 

RMSD (Root mean square deviation), 

RMSF (Root mean square fluctuation) and 

Rg (Radius of gyration) of Luteolin relative 

to p53 DBD, and total energy graphs for 

the complex, collectively presented a 

concise overview of the intricate molecular 

dynamics, setting the stage for an in-depth 

analysis of potential therapeutic strategies 

targeting p53-associated cancers. 

 

 
Figure 3: MD simulation-generated graphs of: a RMSD; b RMSF; c Rg; d Total energy 

 

The comprehensive RMSD analysis 

(Figure 3a) of the MD simulation spanning 

100 ns or 100000 picoseconds (ps) provides 

crucial insights into the stability and 

dynamics of the Luteolin and p53 DBD 

complex. The analysis is suggestive of 

three phases. In the phase of initial stability 

(0-60 ns), the RMSD values consistently 

maintained levels below 1.5 Å, reflecting a 

robust and stable interaction between 

Luteolin and the p53 DBD. Minor 

fluctuations observed during this phase 

suggest subtle conformational adjustments, 

ensuring a steadfast interaction throughout. 

In the phase of transitory structural 

rearrangement (60-80 ns), beyond the 

initial 60 ns, a slight increase in RMSD was 

noted, indicating minor structural 

rearrangements within the complex. The 

RMSD values rose slightly above 2 Å, 

suggesting transient deviations from the 

initial conformation. In the phase of 

recovery and sustained stability (80-100 

ns), subsequent to the transient increase, the 

RMSD values demonstrated a decline, 

signifying a return to more stable 

interactions. Throughout the simulation, 

RMSD values consistently remained below 
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2.5 Å, indicating highly stable and 

favourable interactions between best 

docked conformation of Luteolin and p53 

DBD. The observed RMSD patterns 

aligned well with literature, where RMSD 

values below 3.0 Å were considered 

indicative of stable protein-ligand 

interactions [34]. The results strongly 

supported the conclusion that the Luteolin 

and p53 DBD complex maintains a highly 

steady conformation, particularly during 

the crucial initial 60 ns. The analysis also 

highlighted the resilience of the complex, 

even during transient structural 

rearrangements, emphasizing its potential 

as a stable platform for targeted therapeutic 

interventions. 

The RMSF graph (Figure 3a) presented a 

noteworthy depiction of the dynamic 

behaviour and flexibility of distinct regions 

within the Luteolin-p53 DBD complex. 

Throughout the 100 ns simulation, the 

RMSF values always remained below the 

threshold [35] of 0.30 nm (3.0 Å) for all 

atoms, indicating a remarkable level of 

stability and limited fluctuations in atomic 

positions within the complex. Examining 

the initial 1000 of the atoms, a cyclic 

pattern of increase and decrease in RMSF 

values was discernible, representing a 

certain amount of flexibility among 

different regions within this subset of the 

complex. While fluctuations were 

observed, the pace is relatively moderate, 

underscoring a measured and controlled 

level of flexibility. Moving to the subset of 

1000 to 2995 of the atoms, cyclic pattern 

became more rapid, suggesting intensified 

local structural adjustments within this 

subset. Despite the increased speed of 

fluctuations, the RMSF values (very 

notably) for these atoms consistently 

remained below 0.26 nm (2.6 Å), 

highlighting a high degree of stability and 

favourable interactions. This heightened 

stability observed in both subsets of atoms 

accentuated the controlled nature of 

interactions within the Luteolin-p53 DBD 

complex.  

The Rg was employed as a metric to assess 

the compactness and overall structural 

stability. The Rg values (Figure 3c), 

ranging from 1.41 nm to 1.59 nm, depicted 

a dynamic profile of the complex's overall 

size throughout the simulation. Notably, the 

majority of Rg values fell within a tight 

range of 1.46 nm to 1.56 nm, indicating a 

consistent and well-defined structural state. 

If the Rg graph was drawn to less detailed 

y-axis scale (having a higher value 

difference between two consecutive points 

in the y-axis), most of the graph would 

represent a plateau (Figure 4). The 

occurrence of this kind of typical plateau in 

Rg graph aligned with the literature 

definitions of stable Rg in an MD 

simulation [36]. This limited variability 

suggested that the complex maintained a 
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relatively constant compactness, once again 

underscoring the stability of the Luteolin 

and p53 DBD interaction. The absence of 

Rg values exceeding 1.6 nm throughout the 

simulation duration further underscored the 

stability of the Luteolin and p53 DBD 

complex. This result was consistent with 

literature expectations, where an Rg value 

below 1.6 nm is indicative of a structurally 

stable macromolecular complex [37].  

 
Figure 4: The same Rg graph as Figure 3c in a less detailed y-axis scale of 1 nm difference in contrast to the previous 
0.02 nm difference between two successive data points on y-axis. This graph typically represents the ‘plateau’ form 

 

The total energy of the complex was 

monitored throughout the 100000 ps (100 

ns) simulation to gain insights into the 

energetics and stability of the system. At 

the initiation of the simulation, the total 

energy was recorded as -264426 kJ/mol 

(Figure 3d), serving as the baseline energy 

state for the complex. Throughout the 

simulation, a consistent pattern of energy 

decrease was observed. Despite minor 

fluctuations, the overall trajectory 

displayed a clear trend of diminishing total 

energy, reaching -271237 kJ/mol by the 

conclusion of the 100 ns (Figure 3d). The 

negative sign in the total energy values 

indicated the energetic favourability of the 

ligand-protein complex, and the sustained 

decrease underscored a persistent drive 

towards a more stable configuration. The 

minor ups and downs in the energy graph 

may correspond to transient fluctuations 

and adjustments within the complex, but 

the overarching trend of decreasing total 

energy implied a systematic process of 

energy minimization. This phenomenon 

suggested that the ligand-protein complex 

actively sought a more energetically 

favourable conformation or state over the 

simulation duration. The final total energy 

value of -271237 kJ/mol signified that the 

complex achieved a lower energy state, 

indicating a more stabilized and 
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energetically-favoured configuration at the 

termination of the 100 ns MD simulation. 

This observation aligned with the 

expectations of a system undergoing energy 

minimization and structural stabilization. 

4. DISCUSSIONS 

According to Lipinski’s Rule of Five, a 

compound should have a molecular weight 

of less than 500 g/mol, a lipophilicity 

(iLogP) of less than 5, fewer than 5 

hydrogen bond donors, and fewer than 10 

hydrogen bond acceptors. These parameters 

are closely related to intestinal permeability 

and solubility, which are crucial factors in 

oral bioavailability. Additionally, if a 

compound violates these parameters twice 

or more times, it is unlikely to be a viable 

drug molecule [26]. Bioactive compounds 

selected for docking analysis adhered to 

Lipinski’s Rule of Five, with iLogP values 

less than five and specific hydrogen bond 

donor counts. However, some compounds, 

such as l-(+)-Ascorbic acid 2,6-

dihexadecanoate, violated Lipinski’s Rule 

by having molecular weights exceeding 

500 g/mol and excessive iLogP value. 

Flaviolin exhibited only one hydrogen 

bonding with the p53 protein, indicating 

minimal interaction. Toxicity 

considerations, which can override ADME 

parameters, are crucial in drug 

development, as adverse effects from 

toxicity can lead to drug failure during 

clinical trials [38]. Molecular docking 

results provide insights into the binding 

affinity between proteins and ligands, with 

lower binding energy indicating stronger 

interactions. In this study, luteolin 

demonstrated the highest binding affinity of 

-7.40 kcal/mol with p53 DBD. 

Previous researches suggested that 

bioactive compounds from A. annua inhibit 

malignant cell proliferation, induce cancer 

cell death, and increase p53 protein levels. 

Quercetin and Rhamnetin formed multiple 

hydrogen bonds during docking, while 

Quercetin and Luteolin exhibited similar 

bonding patterns, albeit with very minimum 

variations in bond distances. 

The RMSD value of 0.8 Å (indicative of 

highly similar structures) obtained from the 

structural alignment of Luteolin-R280K 

p53 and wild type p53 indicates a 

restoration of the functional conformation 

of p53.  

Furthermore, the MD simulation in this 

study offered a dynamic perspective on the 

structural behaviour of the Luteolin-p53 

DBD complex over a 100-ns period. The 

simulation revealed stable interactions 

between Luteolin and p53, with minor 

fluctuations in structural stability observed 

throughout the simulation. The RMSD 

analysis indicated that the complex 

maintained a highly stable conformation, 

particularly during the initial 60 ns, 

highlighting the robustness of the Luteolin-

p53 interaction. The RMSF analysis 
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provided insights into the dynamic 

flexibility of distinct regions within the 

Luteolin-p53 DBD complex, demonstrating 

a remarkable level of stability and limited 

fluctuations in atomic positions. The Rg 

analysis further underscored the stability of 

the complex, with Rg values consistently 

falling within a tight range, indicative of a 

well-defined structural state. Additionally, 

the total energy analysis revealed a 

systematic decrease in energy over the 

simulation duration, indicating a persistent 

drive towards a more stable configuration 

of the complex. 

In summary, Luteolin emerged as the most 

favourable candidate against p53, 

indicating its potential efficacy in cancer 

treatment. However, different analysis tools 

or software may yield differing outcomes 

due to algorithmic variations [39]. 

Additionally, discrepancies in protein data 

across databases highlight the importance 

of methodological consistency [40].  

Future research directions in this regard 

may include comparing protein structures 

from various databases, evaluating in vitro 

and in vivo protein and gene expression, 

and validating in silico findings. OSCC 

arises from damaged areas that lose their 

repair capability, often due to mutated p53 

protein. Herbal medications like A. annua-

derived compounds, particularly Luteolin, 

offer promising avenues for OSCC 

treatment by targeting p53, and inducing 

apoptosis in cells with damaged DNA. 

5. CONCLUSION 

This novel study elucidates the potential of 

Luteolin, a bioactive compound from 

Artemisia annua, in targeting p53, for the 

treatment of oral squamous cell carcinoma 

(OSCC). Luteolin demonstrated the 

strongest binding affinity among all other 

bioactive compounds, helped in restoration 

of the native functional conformation of 

p53 upon binding to mutant DBD and 

showed a notable structural stability with 

p53 over a 100 ns simulation period, 

suggesting its efficacy in inducing 

apoptosis in OSCC cells. Luteolin adhered 

to all the parameters laid down by 

Lipinski’s rule of five, enhancing its 

candidacy as a drug molecule. Future 

research should focus on validating these in 

silico findings through in vitro and in vivo 

experiments, further solidifying Luteolin's 

potential as a therapeutic agent for OSCC. 
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