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ABSTRACT

Background: The pivotal role of mutant P53 protein in ovarian cancer and the efficacy of natural compounds in 
cancer treatment necessitated the current study to identify novel mutant P53 modulators from medicinal plants. 
Homology modelling was deployed to assemble the 3D structure of the mutant P53 protein from its amino acid 
sequences, while Findsitecom2.0 was used to predict the active binding site of the mutant P53 protein model. 
The bioactive constituents obtained from seven plants were used as ligands and docked against the binding 
pocket of mutant P53 protein. Autodock tools, PyRx and discovery studio, were used to prepare the protein, dock 
the ligands and visualize the complexes, respectively. Thiotepa and germcitabine were used as reference drugs. 
The hit compounds were selected based on their highest binding affinity and further analyzed to identify their 
pharmacokinetic properties and acute rat toxicity using SWISSADME and Gusar, with their electronic properties 
calculated using the Density Functional Theory (DFT) method. 
Results: Screening results of 50 bioactive phytochemicals confirmed that 15 leads showed superior binding 
energies to mutant P53 as compared to the standard FDA approved drugs (thiotepa and germcitabine with binding 
scores of -3.5 and -5.4, respectively). After considering their drug like, pharmacokinetic properties and acute 
toxicity prediction, four major hits (Morusin, Irinotecan, Rubitecan and 10-hydroxycamptothecin) were 
identified to have minimal toxicities and are safe to be used. The DFT calculations showed regions of the 
molecules prone to electrophilic and nucleophilic attacks.
Conclusions: The current study revealed drug like compounds that can serve as potential modulators of mutant 
P53 in ovarian cancer treatment.
Keywords: Ovarian cancer; Mutant P53; Homology modelling; Molecular docking; Medicinal plants; 
Density Functional Theory (DFT)
Abbreviations: OC : Ovarian Cancer; HGSOC: High-Grade Serous Ovarian Carcinoma; LGSOC: Low-grade Serous 
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Vascular Endothelial Growth Factor; MPS: Massive Parallel Sequencing; BLAST: Basic Local Alignment Search 
Tool; HMMs: Hidden Markov models; VADAR: Volume, Area, Dihedral Angle Reporter; RESPROX: Resolution by 
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Median Lethal Dose; QSAR: Quantitative Structure-Activity Relationship; FMOs: Frontier Molecular Orbitals; MEP: 
Molecular Electrostatic Potential; B3LYP: Becke, 3-parameter, Lee-Yang-Parr; HOMO: highest occupied 
molecular orbital; LUMO: lowest unoccupied molecular orbital; GMQE: Global Model Quality Estimation; EA: 
Electron Affinity; MEP: Molecular Electrostatic Potential. 
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INTRODUCTION
Ovarian Cancer (O.C.) is widely recognized as the most lethal 
gynecologic malignancy, with an estimated 295,414 newly 
diagnosed cases and 184,799 deaths worldwide in 2018. Due 
to the female anatomical features, there is a great challenge 
with respect to early diagnosis; hence, most women with 
ovarian cancer are diagnosed at the metastatic stage. Epithelial 
Ovarian cancer can be classified into five major subtypes: High 
Grade Serous Ovarian Carcinoma (HGSOC), Low Grade Serous 
Ovarian Carcinoma (LGSOC), Endometrioid Ovarian Cancer 
(EnOC), Ovarian Clear Cell Carcinoma (OCCC) and Mucinous 
[1]. The HGSOC are the predominant form, accounting for 
almost 70% of cases. Several risk factors associated with 
ovarian cancer include pregnancy, breastfeeding, tubal ligation, 
female sterilization and oral contraceptives. Other notable 
predisposition factors are genetics (inheritable BRCA 1/2 gene 
mutations) and lifestyle (smoking and unhealthy diets).

P53 is a crucial gene that produces a protein responsible for 
the regulation of cell division, proliferation and differentiation 
[2]. P53 gene resides within chromosome 17, consisting of 11 
exons and 13 introns and 7 domains, including the N-terminal 
transactivation domain, crucial for activating pro-apoptotic 
genes. It regulates cellular activities such as cell division and 
growth, promotes apoptosis and cell cycle blockade and inhibits 
VEGF-induced vascularization (Vascular Endothelial Growth 
Factor), metastasis and angiogenesis. Other roles associated 
with p53 include DNA damage correction, autophagy, 
proliferation, inhibition of epithelial to mesenchymal transition 
and other subliminal activities that precede metastasis. 
Mutations to the codon 47 of the N-terminal have been 
implicated in the decreased apoptotic ability of this 
gene. Adjacent to the C-terminal of the wild-type p53 gene 
is the DNA binding domain a highly conserved sequence, 
which has been responsible for about 80% of all p53 mutations 
[3]. Gene knock in studies in mouse models further 
established that mutations in these hotspots resulted in a loss 
of function and a decreased tumour suppressive activity of 
the wild type p53 gene [4].

p53 is the most mutated gene responsible for over 50% of 
malignant outgrowths in humans. Genome association studies 
of ovarian cancer cells via Massive Parallel Sequencing (MPS) 
have implicated p53 mutation to be the causal factor of over 
95% of severe ovarian cancer, with immuno histochemical 
assay being able to detect a high level of expression of mutated 
p53 having missense mutations. Early independent studies 
confirmed that this mutation occurs within exons 2-11 of 
the p53 gene, thereby leading to the loss of its onco 
suppressive potential.

Dysregulated activities by mutant p53 protein in cancer cells 
lead to the activation of survival pathways in cancer, such as 
the PI3K/mTOR signalling, hence making the pathway a 
potential target for molecular therapies [5]. Another possible 
therapeutic strategy involves limiting interactions between wt-
p53 protein and MDM2/MDM4 during DNA damage to 
facilitate repair of damaged genes, induce apoptosis and inhibit 
tumour growth. Natural products obtained from plants have 
been explored in the treatment of ovarian cancer. Morus alba, 
a typical medicinal plant found in China, contains bioactive 
compounds such as Kuwanon G, Moracin M, Mulberrocide, 
etc., which have some medicinal value.  Studies  have  reported 

the anti-inflammatory anti-bacterial anti-diabetic and anti-
cancer activities of M. alba. One of the anti-cancer 
mechanisms of M. alba involves the inhibition of focal 
adhesion kinase and Src activity in macrophages associated 
with tumors.

Camptotheca acuminata is a member of the Nyssaceae 
family of plants from China, mainly used for 
ornamental purposes [6]. Camptothecin, the most 
consequential product of C. acuminata, has been 
reported to show strong anti-cancer activity via inhibition of 
topoisomerase 1 by preventing the re-joining step of the 
cleavage and re-ligation of the double stranded DNA beyond 
its potent anti-cancer activity, there are emerging reports 
suggesting the antibacterial and anti-viral activity of C. 
acuminata. Established further that Camptothecin impacted 
negatively on viral replication of FAdv4 infected 
Leghorn male hepatocellular cells in a dose dependent 
manner, thereby decreasing the viral copy number and viral 
Hexon protein expression. Aspalathus linearis is a woody shrub 
with bright green and needle shaped leaves with an average 
height of 1.2 m-2m. 

Aspalathus linearis contains two unique flavonoid compounds: 
Aspalathin and aspalalinin. Other flavonoids have been 
characterized from Aspalathus linearis, including chrysoeriol, 
luteolin and luteolin-7-o-glucoside, quercetin, quercetin-3-
orobinoside, hyperoside, isoquercitrin and rutin. Quercetin has 
been recognized for its anti-tumour, anti-proliferative and pro-
apoptotic effects [7]. A study shows that Quercetin slowed down 
and possibly reversed metastasis by interfering with uPA/uPAR 
systems, AMPKα, NF-κβ, ERK1/2 and PKC-δ regulation.

This study evaluated the inhibitory properties of selected 
phytochemicals from various plants using an in-silico 
approach to target a mutant model of the p53 protein in 
ovarian cancer.

MATERIALS AND METHODS
Template Identification, Binding Site Prediction and 
Protein Homology Modelling

The mutant P53 gene with the sequence ID: 
rs28934578 was retrieved from the NCBI web serve and the 
FASTA file of the sequence was downloaded. The complete 
mutant P53 protein sequence, which consists of 393 amino 
acids and has a calculated molecular weight of 43.653kDa, 
was retrieved from the UniprotKB database accession 
number P04637. The homology modelling was performed 
based on the following step; template search, sequence 
alignment, model building and evaluation. Template search 
for the target sequence was carried out with Basic Local 
Alignment Search Tool (BLAST) and Hidden Markov 
Models (HMMs): ‘HMM-HMM based lightning fast 
iterative sequence search’ against the updated SWISS-
MODEL library [8]. Using the template with the highest 
sequence identity and highest coverage, the protein structure of 
the query sequence was modelled. Accordingly, the crystal 
structure of cellular tumor antigen p53 (PDB ID: 3Q05.1), which 
has 92.07% sequence identity to mutant p53, was selected as the 
template (based on its high resolution) to predict the three-
dimensional structure of mutant P53. The binding site was 
predicted   by    FindsiteCombo2.0,    maintained   by   the  Skolnick 
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research group at the Georgia institute of technology.

3D structure of mutant p53 was modelled using the SWISS-
MODEL tool in the ExPASy bioinformatics resource portal and 
viewed using Swiss PDB Viewer v 4.0.1 software.

Quality Assessment of the Model
The accuracy of the 3D model of mutant P53 was assessed by 
three online tools: PROCHECK, VERIFY 3D and ERRAT, available 
from the Structural Analysis and Verification Server (SAVES). 
PROCHECK was used to assess the stereochemical quality of 
the protein structure [9]. ERRAT computes and statistically 
compares the interaction of non-bound heavy atom pairs with 
standards. It is accessible at molecular biology institute, 
University of California, Los Angeles. VERIFY 3D program 
analyzed the compatibility of an atomic model (3D) with its 
amino acid sequence (1D) to assess the 3D protein structure. 
The model protein was validated using ProTSAV, a meta server 
performing consensus quality assessment using different 
validation tools including Verify3D, MolProbity, Procheck, 
ProSA, ERRAT, ProQ, dDFire, Naccess and D2N [10]. The overall 
quality of the modelled is given as a ProTSAV score which is a 
cumulative estimate of the individual protein quality score 
from the different validation tools. Lastly, quantitative analysis 
of the final model was performed using Volume, Area, Dihedral 
Angle Reporter (VADAR).

Receptor Preparation, Ligand Selection, Molecular 
Docking

Receptor preparation: The crystal structure of the p53 cellular 
tumor antigen (PDB ID: 3Q05) was extracted from the RCSB 
protein data bank. The Zn2+ ligand was eliminated from the 
protein. The chain A residues were isolated from other chains 
(B, C, D, K and L) residues in the PyMOL environment [11]. The 
protein structure was modified by adding Kollman charges and 
polar hydrogen atoms using the BIOVIA discovery studio and 
autodock tools. Water molecules were also eliminated during 
this process. The protein was further converted to autodock 
vina format (PDBQT) in the PyRx environment.

Ligand selection and preparation: In previous literature, we 
looked at seven plants that have been shown to be effective 
against ovarian cancer and their phytochemicals were retrieved 
from PubChem databases [12]. A total of 50 phytochemicals 
were retrieved from these plants. These ligands’ MOL SDF 
format was converted to a PDBQT file using PyRx to produce 
atomic coordinates and energy was reduced using PyRx’s 
optimization technique with the force field set to MMFF94.

Molecular docking: The ligands and protein were docked using 
Autodock Vina, which is included in the PyRx package [13]. 
PyRx is a computer based drug discovery program that may be 
used to screen libraries of compounds against prospective 
therapeutic targets. The docking was carried out utilizing Vina 
Wizard once both the ligands and the target had been prepared 
[14]. The 3Q05 protein structure was used as an input receptor 
while the plants’ metabolites as ligands. With the following 
parameters, a grid box was set up to cover the active parts of 
the protein structure: center (X, Y, Z)=(-60.17, -6.10, -12.14), 
dimensions in Angstrom (A’) (X, Y, Z)=(31.74, 32.21, 25.0) with 
an exhaustiveness of 8 and then vina was used to finish the 
docking procedure. The  docked  complex’s   binding   energy   and 

Root Mean Square Deviation (RMSD) were obtained [15]. Csv 
format the top ranked metabolites were then selected based 
on their high binding energies ranging from -7.0 and below. 
The discovery studio software was then used to visualize the 
docked complex. Thiotepa and Gemcitabine were used as 
standards for the docking.

Pharmacokinetic Properties of the Compounds 

The drug library was subjected to Absorption Distribution 
Metabolism Excretion (ADME) study using the Swiss ADME 
program to find the best soluble, druggable, lead like and 
non-violating drug compounds [16]. For each ligand, an 
input file containing their SMILES (Simplified Molecular Input 
Line Entry System) was obtained.

Acute toxicity prediction: The GUSAR (General 
Unrestricted Structure Activity Relationships) online module 
was used for the in silico acute toxicity prediction. The GUSAR 
software predicts toxicity based on a database of 
approximately 10,000 chemical structures in the software 
library [17]. The median lethal dose (LD50) (log10 (mg/kg) of 
the chemical entity was predicted using QSAR 
(Quantitative Structure-Activity Relationship) analysis. The 
analysis considers the various oral, subcutaneous, intravenous 
and intraperitoneal routes of administration.

LD50 predictions using GUSAR: The acute toxicity of the lead 
compounds (ligands) after ADME screening was predicted 
using the free online GUSAR software. The LD50 values for rats 
with different routes of administration, such as Intravenous 
(IV), oral, Intraperitoneal (IP) and Subcutaneous (SC) [18]. The 
predicted values showed that most of the lead compounds 
were Class V compounds (>2000 mg/kg) based on the GHS 5 
category hazard classification. 

Density Functional Theory (DFT) Calculation

The stability and reactivity of the lead compounds were 
estimated in Schrodinger materials science (version 
3.9), which accommodates the Jaguar fast engine [19]. The 
Frontier Molecular Orbitals (FMOs) and Molecular 
Electrostatic Potential (MEP) were estimated using 6-31G** 
as the basis set and Becke’s three parameter exchange 
potential and Lee Yang Parr correlation (B3LYP) as the level of 
functional theory [20]. Intrinsic reactivity descriptors such as 
frontier molecular orbitals Highest Occupied Molecular 
Orbital (HOMO) and Lowest Unoccupied Molecular 
Orbital (LUMO) energy, chemical hardness, chemical 
softness, ionization potential, electronegativity and electron 
affinity were calculated [21]. The following equation can be 
used to define the global descriptors.
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RESULTS
Homology Modelling and Validation

The crystallized 3D structure of the mutant P53 protein was 
modelled due to its absence on the protein data bank. 
Homology modelling is a predictive method which is based on 
similar templates and it was used to model the structure of the 
protein. Previously reported that the validity and accuracy of a 
predicted model largely depend on the level of similarity within 
the template structures, as an intense template search was 
carried out prior to protein modelling. HHblits found a total of 
459 templates and the BLAST search algorithm generated 49 
templates that match the target sequence. The cellular tumor 
antigen P53 with PDB ID: 3QO5 showed the highest amino acid 
sequence similarity with a sequence identity of 92.70%, 2.40 Ǻ; 
as such was deemed the best fitting template for modelling the 
3D structure of mutant P53 (Figure 1). The model protein has 
a Global Model Quality Estimation (GMQE) value of 0.51 and 
a QMEAN score of 0.74, indicating that the modelled 
structure is reliable and of very good quality. Therefore, the 
three-dimensional structure of the model protein built by 
homology modelling conforms to the quality model reliability 
and realistic requirement (Figure 2). The model consists  of  234 

amino acid residues [22]. Further analysis was carried out to 
ascertain its good quality. In the Ramachandran plot, 88.6% of 
the residues are within the favoured region and 11.4% lie 
within the allowed region, while there are no residues (0.0%) in 
the disallowed regions (Figure 3). It is proposed that a good 
reliable model should have more than 80% of its residues in 
the favored region. Subsequently, the final model developed 
was validated using different external web servers. In ProSA 
the Z-score is within the normal range of experimentally solved 
structures. In ERRAT, it is known as the “overall quality factor 
“for non-bonded atomic interactions, with higher scores 
indicating higher quality [23]. The generally accepted range is 
>50 for a high-quality model. The overall quality of the 3D
model is 93.3% (Figure 4). While ERRAT server is arguably one
of the best protein quality check servers, like other protein
quality predictors, it is not individually comprehensive; hence, a
protein quality meta server which combines diverse quality
assessment programmes (including Verify3D, MolProbity,
Procheck, ProSA, ERRAT, ProQ, dDFire, Naccess and D2N) and
outperforms their individual server accuracies were used to
give a more robust protein quality estimate [24]. Interestingly,
most of the protein structure checks tools gave an RMSD value
in the range of 1-3 A, which suggests a good overall quality of
the modelled structure (Figures 5 and 6).

Figure 1: The three-dimensional structure of mutant P53 visualized by the Swiss PDB Viewer.

Figure 2: Ramachandran plot of mutant P53 model obtained by PROCHECK: 88.6% residues in the favorable regions, 11.4% residues in 
additional allowed regions, 0.0% residues in generously allowed regions and 0.0% in disallowed regions.
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Figure 3: Mutant P53 protein structural validation using PROTSAV for Z plot (Black Spot) which describe the overall quality of model evaluated 
and deciphered.

Figure 4: Mutant P53 protein structural validation using PROTSAV for verify 3D.

Figure 5: Mutant P53 protein structural validation using PROTSAV for quality verification plot of energy minimized model of the mutated p53 
per-formed using ERRAT.
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Figure 6: Mutant P53 protein structural validation using PROTSAV for Regions of the structure that can be rejected at the 95% confidence level 
are yellow; regions that can be rejected at the 99% level are shown in red.

In addition to the previous qualitative assessments, the VADAR 
statistics for quantitative evaluation of the predicted model 
revealed that the model is structurally composed of alpha-helix 
(17%), interspersed beta sheets (37%), coil (44%) and turn 
(18%) with extensive H-bonding groups (Table 1) [25]. The H-
bonds distance and energy in the predicted secondary 
structure protein were similar to the expected value, which 
further corroborates the model’s good quality [26]. Likewise, 
the calculation of the resolution of the protein from coordinate 
data using ResProx showed a resolution of 1.8A (Table 2). 
Generally, lower-resolution proteins below 2 A are highly 
ordered, allowing individual hydrogen atoms to be visualized 
and heavy atoms (C, O, N) to be very accurately mapped; 
hence, they are a preferred choice for molecular docking. 

The validation results, therefore, indicate that the refined 
structure of the modelled protein is satisfactory and reliable for 
subsequent computational studies [27]. The FindsiteCombo2.0 
predicted the binding residues for mutated P53 [28]. These are 
LEU 114, SER 116, THR 140, CYS 141, PRO 142, THR 102, ARG 
110, LEU 111, TYR 126, ASN 131, ASN 268, SER 269, ASN 200, 
GLU 221, PRO 222, GLU 224, THR 230, THR 231 and ILE 232. 
Other binding pocket includes TYR 103, GLN 104, SER 366, ASN 
310, SER 392, THR, 102, LYS 101, ASP 391, LYS 319, GLY 389, TRY 
126, GLY 302, PHE 270, GLN 100, HIS 368, ASP 393, SER 314, 
THR 312, GLU 271, ASN 311, ASP 352, THR 356, GLU 349, SER 
269, PRO 128, LEU 330, GLU 326, ASP 268, ARG 110, GLN 144 
and TYR 146.

Protein structural details

Statistic Observed Expected

Helix 42 (17%) -

Beta 88 (37%) -

Coil 104 (44%) -

Turn 44 (18%) -

Hydrogen bonds

Mean hbond energy -1.8 sd=1.1 175 (75%)

Residue with hbonds 159 (67%) Good: 0-1.5

ResProx Result  - Middle: 1.5-2.5

Resolution of protein based on REPROX 
values = 1.874 ± 0.0  - Bad: > 2.5

Table 1: VADAR and ResProx results show the quantitative parameters of the modelled mutant P53 protein.

 The expected values represent those numbers which could 
be expected for highly refined X-ray and NMR protein 
structures.

Molecular Docking Results

The docking simulations were carried out to discover potential 
drug candidates to engage the active sites of the mutated p53 
cellular tumor antigen in a way that will restore the anti-
cancer properties of the p53 gene, leading to therapeutic 
measures in cancer research. To this effect, 50 compounds 
were  selected   from  7  plants  and  were  docked  with  3Q05 

protein. The selected ligand is covalently linked to the aimed 
amino acid residues of the protein [29]. The reference 
ligands’ (Gemcitabine and thiotepa) existence within the pocket is 
subjected to ionic interactions and van der Waal forces with 
different target residues comprising the p53 cellular tumor 
antigen pocket. Consequently, gemcitabine and thiotepa were 
considered the standard ligands to investigate the efficacy of the 
selected phytochemicals to compete with it engaging the 
mutated sites by activating a cancer responsive p53 gene [30]. 
Throughout  the  docking  simulation  process,  the  native  ligands
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(Gemcitabine and thiotepa) were fitted in the binding sites of 
the p53 cellular tumor antigen, forming conventional hydrogen 
bonds with LYS120 and TYR126, respectively (binding 
scores=-5.4 kcal/mol and -3.5 kcal.mol respectively). 

The in silico docking of the target phytochemicals and the 
standard ligand into the cellular tumor antigen protein were 

performed. Quite a number of receptor ligand positions were 
gotten with better binding affinities and complex interactions 
from the active receptor pockets. Poses with the most 
qualitative RMSD values and higher ligand binding energies 
were further analyzed [31]. Results of energies and receptor 
ligand interactions with amino acids of the tumor antigen 
pocket are presented in Table 2.

List of plants Phytochemicals  Docking score (Kcal/mol) Conf/Grid box dimension Binding sites

Morus alba

Albanol B 8.8 Receptor=3q05.pdbqt

LEU 114, SER 116, THR 

140, CYS 141, PRO 142, 

THR 102, ARG 110, LEU 

111, TYR 126, ASN 131, 

ASN 268, SER 269, ASN 

200, GLU 221, PRO 222, 

GLU 224, THR 230, THR 

231 ILE 232

Kuwanol A 8.7 Exhaustiveness=8

Morusin 7.2 Center_x=-60.1681

Aspalathus linearis

Quercetin3-0-Robinobioside 7.6 Size_z=25.0

Thermopsoside 7.1

Size_x=31.7390

Size_y=32.2131

Size_z=25.0

Citrus paradisi

Didymins 7 Receptor=3q05.pdbqt TYR 103, GLN 104, SER 

366, ASN 310, SER 392, 

THR, 102, LYS 101, ASP 

391, LYS 319, GLY 389, 

TRY 126, GLY 302, PHE 

270, GLN 100, HIS 368, 

ASP 393, SER 314, THR 

312, GLU 271, ASN 311, 

ASP 352, THR 356, GLU 

349, SER 269, PRO 128, 

LEU 330, GLU 326, ASP 

268, ARG 110, GLN 144, 

TYR 146

Hesparidin 7.2 Exhaustiveness=8

Naringin 7.2 Center_x=-57.4290

Narirutin 7.6 Center_y=5.2404

Neohesperidin 7.3 Center_z=-8.4763

Poncirin 7.2
Size_x=41.1367

Size_z=48.6496

Campotheca acuminate

Irinotecan 8.9 Size_y=51.7491 -

Rubitecan 7.1 Size_z=48.6496 -

10-Hydroxycamptothecin 7.5 - -

9- Amino camptothecin 7.2 - -

*Thiotepa 3.5 - -

*Gemcitabine 5.3 - -

Table 2: Molecular docking scores of the phytochemicals and the standard drugs.
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Most of the compounds came out with binding scores higher 
than those of the ligands, but only those with binding energies 
of -7.0 and lower were selected [32]. Out of the 15 selected 
compounds, only three compounds showed the highest 
binding affinities greater than -8.0 kcal/mol [33]. For Albanol, 
binding interactions with 3Q05 (binding score=-8.8); three 
conventional hydrogen bonds (ASN131, TYR126 and PHE131) 
were observed, all of which are presumed to be important for 
the process [34]. In addition, Pi-Anion, Pi-Akyl and Akyl 
elements   were   noticed  at  these  pockets  ASP268,  ARG110 

and ARG110, respectively, whereas, in the case of Kuwanol, 
binding interactions with 3Q05 (binding score=-8.7) and four 
conventional hydrogen bonds also were noted, a Pi-donor 
hydrogen bond was observed on the conventional hydrogen 
bond site THR102 [35]. However, in the case of Irinotecan, 
binding interactions with 3Q05 (binding score=-8.9), with one 
conventional hydrogen identified (THR356) [36]. In addition, a 
carbon-hydrogen bond exists with two pi-anions and an 
alkyl (Figures 7-21).

Figure 7: 2D Interaction of Albanol B with active site of 3Q05.

Figure 8: 2D Interaction of Kuwanol A with active site of 3Q05.
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Figure 9: 2D Interaction of thermopsoside with active site of 3Q05.

Figure 10: 2D Interaction of quercetin 3-O-robinobioside with active site of 3Q05.
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Figure 11: 2D Interaction of morusin with active site of 3Q05.

Figure 12: 2D Interaction of didymin with active site of 3Q05.

Figure 13: 2D Interaction of hesperidin with active site of 3Q05.
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Figure 14: 2D Interaction of naringin with the active site of 3Q05. 

Figure 15: 2D Interaction of narirutin interaction with active site of 3Q05.

Figure 16: 2D Interaction of neohesperidin with active site of 3Q05.



Page 12
Raheem K

Volume 07 • Issue 01 • 57

Figure 17: 2D Interaction of poncirin with active site of 3Q05.

Figure 18: 2D Interaction of irinotecan with active site of 3Q05. 

Figure 19: 2D interaction of rubitecan with active site of 3Q05.
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Figure 20: 2D Interaction of 10-hydroxycamptothecin with active of 3Q05.

Finally, other phytochemicals such as morusin, quercetin, 
thermopsoside, didymins, hesperidin, naringin, nairutin, 
rubitecan, 10-hydroxycamptothecin and 9-amino camptothecin 
have outstanding binding energies (-7.2, -7.6, -7.1, -7.0, -7.2, 
-7.2, -7.6, -7.3, -7.2, -7.1, -7.5 and -7.2, respectively), way better
than the standard ligands as shown in Table 3. However, their
binding site was observed to have similar amino acid sequences
and positions. For morusin, a conventional hydrogen bond with
a Pi-anion and two pi-donor hydrogen bonds were observed
with GLU224 and THR231. Two conventional hydrogen
bonds were observed for quercetin at GLU224 and TYR229,
respectively. For 10-hydroxycamptothecin, one  hydrogen  bond

was observed with SER269.

ADME Analysis Results

Lipinski’s rule of five was applied to estimate the drug likeliness 
of all the selected 15 candidates with high binding affinity. This 
evaluation technique aids in the elimination of a few chemicals 
based on their physicochemical features. Compounds that 
violated two or more characteristics were removed from the 
list and the rest were considered for further analysis. Out of 
the 15 ligands, 10 violated more than one parameter and five 
compounds left were taken for toxicity test, as the results 
shown in Table 3.

Figure 21: 2D interaction of 9-aminocamptothecin with active site of 3Q05.
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S.N0 Compound name PubChem ID Compound structure Analysis

1 Albanol B 480819

Molecular weight (<500 Da) 558.53

Lipophilicity (LogP <5) 6.73

H bond donor (<5) 5

H bond acceptor (<10) 8

Violations 3

2 14334319 14334319

Molecular weight (<500 Da) 564.58

Lipophilicity (LogP <5) 5.83

H bond donor (<5) 6

H bond acceptor (<10) 8

Violations 3

3 Thermopsoside 11294177

Molecular weight (<500 Da) 462.40 1.79

Lipophilicity (LogP <5) 6

H bond donor (<5) 11

H bond acceptor (<10) 2

Violations 

4
Quercetin 3-O-Robi-

nobioside
10371536

Molecular weight (<500 Da) 610.52

Lipophilicity (LogP <5) -0.33

H bond donor (<5) 10

H bond acceptor (<10) 16

Violations 3

5 Morusin 5281671

Molecular weight (<500 Da) 420.45

Lipophilicity (LogP <5) 5.52

H bond donor (<5) 3

H bond acceptor (<10) 6

Violations 1

Table 3: ADMET analysis of the fifteen phytochemicals.
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6 Didymin 16760075

Molecular weight (<500 Da) 594.56

Lipophilicity (LogP <5) -0.66

H bond donor (<5) 7

H bond acceptor (<10) 14

Violations 3

7 Hesperidin 10621

Molecular weight (<500 Da) 610.56

Lipophilicity (LogP <5) -0.14

H bond donor (<5) 8

H bond acceptor (<10) 15

Violations 3

8 Naringin 442428

Molecular weight (<500 Da) 580.53

Lipophilicity (LogP <5) -0.44

H bond donor (<5) 8

H bond acceptor (<10) 14

Violations 2

9 Narirutin 442431

Molecular weight (<500 Da) 580.53

Lipophilicity (LogP <5) -0.99

H bond donor (<5) 8

H bond acceptor (<10) 14

Violations 3

10 Neohesperidin 442439

Molecular weight (<500 Da) 610.56

Lipophilicity (LogP <5) -0.47

H bond donor (<5) 8

H bond acceptor (<10) 15

Violations 3
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11 Poncirin 442456

Molecular weight (<500 Da) 594.56

Lipophilicity (LogP <5) -0.11

H bond donor (<5) 7

H bond acceptor (<10) 14

Violations 3

12 Irinotecan 60838

Molecular weight (<500 Da) 586.68

Lipophilicity (LogP <5) 3.74

H bond donor (<5) 1

H bond acceptor (<10) 8

Violations 1

13 Rubitecan 472335

Molecular weight (<500 Da) 393.35

Lipophilicity (LogP <5) 1.57

H bond donor (<5) 1

H bond acceptor (<10) 7

Violations 0

14
10-hydroxycampto-

thecin
97226

Molecular weight (<500 Da) 364.35

Lipophilicity (LogP <5) 1.38

H bond donor (<5) 2

H bond acceptor (<10) 6

Violations 0

15 9-amino camptothecin

Molecular weight (<500 Da) 363.37

Lipophilicity (LogP <5) 1.06

H bond donor (<5) 2

H bond acceptor (<10) 5

Violations 0

Acute Toxicity Prediction

A substance’s acute toxic potential must be evaluated in 
order to determine the adverse effects that may result from 
accidental or intentional short-term exposure.  The  results  of 

acute toxicity tests are used to guide dosage selection for long-
term toxicity studies and other animal-based studies (including 
humans). The toxicity status of the test substance can be 
determined based on the results of an acute toxicity test.

In silico toxicity of the selected lead compounds  was  predicted 
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and intraperitoneal routes, revealing that all of the 
compounds belong to class 5. According to the analysis, the 
compounds were safe and relatively harmless (Table 4).

Compounds LD50 (mg/kg)

IP IV Oral SC

Morusin 299,600a* 151,200a* 730,300a* 361,900a*

Irinotecan 166,700a* 33,950a# 236,500a# 240,800a*

Rubitecan 77,100b* 101,500a* 348,000b* 199,000a*

10-Hydroxycamptothecin 47,170b# 132,600a* 1306,000b* 196,400b*

Note: IP, Intraperitoneal route; IV, Intravenous route; SC, Subcutaneous route; Oral; *Molecule falls in class 4; # Molecule falls in Class 3; a 
Com-pound falls in applicability domain of models; b Compound out of applicability domain of models.

using the PASS online software. The majority of the leads were 
observed to be in the QSAR models’ Applicability Domain (AD). 
The toxicity predictions considered the IV, oral, subcutaneous 
Table 4: Acute toxicity prediction of lead compounds.

Density Functional Theory (DFT) Calculation

The stability of the hit compounds and their tendency to 
undergo reactions required for the modulation of mutant P53 
protein was estimated using the density functional theory. 
The Frontier Molecular Orbitals (FMOs), which consist of 
HOMO and LUMO give details information about the electron 
donating and electron accepting capacity of a chemical 
compound and their reactivity potential. HOMO energy 
describes the electron donating capability of the compound, 
while LUMO energy describes the electron accepting quality 
of the compound. The difference between the HOMO and 
LUMO values is denoted as ‘band gap’. The band gap 
determines the stability of a compound; the larger the band 
gap, the more stable compound and the smaller the value of 
the energy gap of a compound, the more reactive and less 
stable the compound. Irinotecan was observed to be the 
most significant HOMO energy with values of -0.26342, which 
aligns with the molecular docking score compared to the 
standard drug, as shown in Table 5. The red and blue colour 
indicates the positive and negative ± sign of the wave 
function, respectively and the nodal nature of the orbital 
HOMO and LUMO cloud were centralized majorly on the 
aromatic rings [75], as shown in Table 6. According to the 
energy gap of the compounds in Table 5, 10-
hydroxycamptothecin was observed as the most chemically 
reactive and less stable compound with band energy of 
-0.08953 eV, while Morusin was  predicted as  the least
chemically reactive and more stable compound with the band
gap of -0.16141 eV. Going by the FMOs  calculated for the
reference compounds,  Gemcitabine’s most reactive and less
stable   compound.  The   parameters   that   heavily   relied
on   the   HOMO  and  LUMO  energies  are  given  in  Table 5.
They    are     the    global    descriptors    and     they     include

Ionization Potential (IP), Electron Affinity (EA), chemical 
hardness (η), chemical softness (ζ), electronegativity (χ), 
chemical potential (μ) and electrophilicity (ω). They determine 
the reactivity and stability of the compounds. Ionization 
potential determines the chemical reactivity of molecules 
high ionization potential denotes high stability and chemical 
inertness and low ionization potential signifies low stability 
but high reactivity. Electron affinity explains the electron 
accepting capacity of a compound. Based on these, Irinotecan 
is most stable and 10-hydroxycamptothecin is most reactive. 
Electron affinity of the lead compound ranged between 
-0.02946 eV and 0.13804 eV. Ionization Potential (IP) and
Electron Affinity (EA) reflect the redox stability of the drug, thus
easing metabolism. A recent study determined that clinically
approved drugs are well correlated with the experimental data
having EA values ranging between -1.5 and 2.0 eV. The E.A.
value for most of our lead compounds lies within this range,
corroborating their drug like potential. Using hardness and
softness as metrics to measure the reactivity and stability of
a chemical compound, the stability of a compound increases
with hardness but decreases with softness and the reactivity
of a compound decreases with hardness but increases with
softness. Based on this description, 10-hydroxycamptothecin
is a reactive compound. Overall, most of the hits compounds
had a significant reactivity to the reference compounds. The
electronegativity of a compound is the tendency of atoms in
a compound to attract a shared electron to itself. Irinotecan
is the most electronegative among the compounds. The hits
compound’s chemical potential (μ) was obtained as -0.119495
eV, -0.20073 eV, -0.172135 eV and -0.015305 eV, respectively.
The negative values for all the compounds imply good stability
and the formation of a stable complex with the receptor.
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index was observed in 10-hydroxycamptothecin (0.002616). 
Compounds with a high electrophilicity index are more likely to 
interact with biomolecules.

The electrophilicity index depicts information about electron 
system structure, stability, bonding, reactivity and dynamics at 
the ground and excited states. Irinotecan had the highest 
electrophilicity index (0.321363), while the least electrophilicity 
Table 5: Density Functional theory analysis of the lead compounds.

The Molecular Electrostatic Potential (MEP) of the compounds 
was calculated to understand the distribution of charges over the 
compound in a three dimensional format, thereby elucidating 
the most electropositive (prone to nucleophilic attack) and 
electronegative site (prone to electrophilic attack) [37-40]. The 
MEP map of the compounds is illustrated. These sites provide 
information on the atoms of the compounds that can form non-
covalent interactions. Different colours represent the values of 
MEP at the surface of the compounds; red color signifies the 
regions of the most electronegative electrostatic potential, 
blue color shows the regions of the most electropositive 

electrostatic potential and grey colour represents the region 
with zero potential. Therefore, the electrostatic potential 
increases in the order red <grey <blue [41-43]. The 
electrostatic potential contour map of the compounds, as 
shown in Figures 22-27, demonstrated that the compounds 
have many possible sites for electrophilic (red colour) and 
nucleophilic attack (blue colour) [44-47]. The regions over the 
compounds benzene ring are neutral as represented by grey 
colour. It is important to note that these sites give details on 
intermolecular interactions [48-50].

Figure 22: Irinotecan.

Parameters Morusin Irinotecan Rubitecan
10-hydroxycamp-

tothecin
Thiotepa Gemcitabine

HOMO -0.2002 -0.26342 -0.23266 -0.06007 -0.22579 0.03319

LUMO -0.03879 -0.13804 -0.11161 0.02946 0.044 0.08591

Band gap (eV) -0.16141 -0.12538 -0.12105 -0.08953 -0.26979 -0.05272

Ionization potential 
(I)

0.2002 0.26342 0.23266 0.06007 0.22579 -0.03319

Electron affinity 
(A)

0.03879 0.13804 0.11161 -0.02946 -0.044 -0.08591

Hardness (ղ) 0.080705 0.06269 0.060525 0.044765 0.134895 0.02636

Softness (ζ) 12.39081 15.95151 16.5221 22.33888 7.413173 37.93627

Electronegativity 
(χ)

0.119495 0.20073 0.172135 0.015305 0.090895 -0.05955

Chemical potential 
(μ)

-0.1195 -0.20073 -0.17214 -0.01531 -0.0909 0.05955

Electrophilicity (ɷ) 0.088465 0.321363 0.244779 0.002616 0.030623 0.067265
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Figure 23: 10-hydroxycampotethecin.

Figure 24: Rubitecan.

Figure 25: Morusin.
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Figure 26: Thiotepa.

Figure 27: Gemcitabine.

DISCUSSION

Ovarian cancer is associated with late and advanced 
diagnosis, which impedes prognosis and treatment due to 
little to no effective screening methods [51-53]. The p53 gene 
is implicated in most cancers, especially aggressive ovarian 
cancer; this mutation is identified with the gene’s loss of 
tumor suppressor capacity [54-57]. Different forms of 
mutation are associated with the p53 gene, including 
gene-level mutation, protein-level mutation, epigenetic 
mutation or pure inactivation due to exploited pathways or 
interactions e.g. the p53-MDM2 interaction [58-61]. 

Our study focuses on the mutation identified directly with the 
p53 gene, which leads to a loss of function of the wild-type 
p53 gene [62-65]. We tackled the loss of function of wild type 
TP53 gene as related to ovarian cancer by modulating the 

activity of the mutant gene with phytochemicals. Charlotte 
attributed the low survival rate of ovarian cancer patients to 
the cost-demanding effect of diagnosis and treatment. This 
phytochemical approach essentially aims to provide low-cost 
treatment and increased survival of ovarian cancer patients 
with reduced side effects [66-69]. The results of our study 
show the modulating capacity of the novel phytochemicals 
having passed all computational analysis and also shows 
perfect imitation of the existing standards. Previous studies 
have shown the use of lead compounds in the treatment of 
other types of cancers [70-72]. Morusin, Irinotecan, Rubitecan 
and camptothecin have been used to treat hepatocellular 
carcinoma, colon cancer and BRCA-mutated platinum-
resistant ovarian cancer (Table 6) [73].
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HOMO Band gap LUMO

A. Irinotecan

-0.12538 eV

B. 10-Hydroxycamptothecin

-0.08953eV

-0.12538eV

D. Morusin

-0.16141eV

E. Thiotepa

-0.26979eV

Table 6: HOMO and LUMO orbital structure of the lead compounds.

C. Rubitecan
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F. Gemcitabine

-0.05272eV

CONCLUSION 
In summary, this study explored the therapeutic potential of 
bioactive compounds from medicinal plants against mutant 
p53, a therapeutic target of ovarian cancer. Four bioactive 
compounds were identified as the lead compounds 
(Irinotecan, 10-hydroxycamptothecin, Rubitecan and 
Morusin). These compounds portrayed favourable binding 
with model mutant P53 than the reference compounds 
(standard inhibitors) and interacted with essential amino 
acids that contribute to the modulation of drug targets for 
better selectivity. In addition, the lead compounds 
exhibit excellent pharmacokinetic properties and less 
toxicity compared with the standard drugs. DFT calculation 
revealed the atomic portion of the compounds that either 
donate or accept electrons through HOMO, LUMO, bandgap 
and global descriptors.

This study only considers a single type of mutant p53 amongst 
a number of other mutants associated with ovarian cancer; 
further studies are therefore encouraged to be done using 
other identified mutants. We encourage a further wet lab 
analysis on the phytochemicals suggested having passed all 
computational analyses be carried out.

This study revealed four natural occurring bioactive 
compounds found in medicinal plants as novel modulators of 
mutant P53. These compounds may present an explorable 
treatment regime in the design of potent modulator 
mutant P53 in treating ovarian cancer.
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