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       The objective of this work is to understand the potential of small natural dietary phytochemicals as inhibitors of cancer target enzymes. 

In this regard, Density Functional Theory (DFT) study and molecular docking analysis of five potential food phytochemicals e.g. crocetin 

(Cr), ellagic acid s (Ea), fernesiferol (Fe), dillapiole (Di), shogaol (Sh) have been performed. Also, two FDA approved anticancer drugs 

afinator and azacitidine were studied along with these molecules for comparison. The preliminary computational studies indicate the strength 

of these phytochemicals to bind strongly with the cancer target-DNA topoisomerase III beta. DFT studies are performed to understand the 

electronic structure and probable binding sites of these phytochemicals. Among the chosen five bioactive molecules, Cr is found to have                        

the highest binding energy of -42.43 kcal mol-1 with DNA topoisomerase III beta. Although afinator drug has higher binding energy                                    

(-44.12 kcal mol-1) than Cr, it has many side effects. Cr, being a natural compound with similar level of binding energy and less toxicity, is 

more appealing as a drug. The DFT analysis indicates Cr with the lowest ionization energy, as the most reactive molecule. 
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INTRODUCTION 
 

      DNA topoisomerase III beta controls and alters the 

topological condition of DNA during transcription. This 

enzyme catalyzes the transient breaking and rejoining of a 

single strand of DNA which allows the strands to pass 

through one another, thus relaxing the supercoils and altering 

the topology of DNA. This enzyme is also responsible for the 

formation of RNA loop structures [1]. Many product-derived 

agents, such as camptothecin, anthracycline, and 

podophyllotoxin drugs, have been broadly used in the 

treatment of many types of cancer. Selective targeting of the 

topoisomerase enzymes for cancer treatment continues to be 

a highly active area in basic and clinical research [2]. Despite 

selective targeting, some drugs become resistant to cancer 

cells. Additionally, chemotherapy leads to severe toxicity        

and side effects that causes extreme pain during the  recovery  
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process [3].  

      Computational studies can screen the potential 

applicability of various phytochemicals that can later                

be validated using laboratory-based experiments. 

Computational techniques such as molecular docking and 

density functional theory (DFT) studies considering the 

highest occupied molecular orbital (HUMO), lowest 

unoccupied molecular orbital (LUMO), and molecular 

electrostatic potential (MEP) are mostly preferred by 

researchers [4,5]. Molecular docking is an established               

in silico structure-based method widely used in drug 

discovery. Docking enables the identification of novel 

compounds of therapeutic interest, predicting ligand-target 

interactions at the molecular level, or delineating structure-

activity relationships (SAR), without knowing a priori the 

chemical structure of the target modulators. Although it was 

originally developed to understand the mechanisms of 

molecular recognition between small and large molecules, 

their uses and applications in  drug  discovery  have  heavily  
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changed over the last few years [3,6]. This process is 

generally accomplished by first predicting the molecular 

orientation of a ligand within a receptor, and then estimating 

their complementarity through the use of a scoring function 

[7,8]. 

      The rapid growth and advancement in the computational 

field because of the availability of cheaper and faster 

computers and better algorithm propels the field of 

computational research. The advent of DFT helps in 

interpreting ambiguous or conflicting experimental results. It 

became an extremely popular code for predicting variety of 

molecular properties. The reactivity descriptors under the 

conceptual DFT framework are extensively studied by many 

research groups and are found to be extremely helpful in 

understanding the reactivity behavior of molecular systems 

[9-13]. 

      Chemotherapy using synthetic drugs having high 

molecular weight may often lead to severe side effects 

including drug resistance against cancer cells [3]. To 

overcome such unwanted effects, a suitable and specific 

approach is required. In this regard, small natural bioactive 

substances, found in various plant species play an important 

role [8-10]. Natural phytochemicals like crocetin (Cr), ellagic 

acid (Ea), fernesiferol (Fe), dillapiole (Di), and shogaol (Sh) 

are present in various plants like crocus sativus, syzygium 

aromaticum, foeniculum vulgare, and ginger officinale were 

tried against DNA topoisomerase III beta, one of the potential 

cancer target. These natural compounds are consumed as 

food ingredients. Therefore, taking these non-toxic 

compounds as drugs would be highly beneficial in 

chemotherapy [14]. In this context we have done a 

preliminary computational study using DFT and molecular 

docking approach. The structures of these compounds were 

initially optimized using various DFT investigations and then 

later molecular docking procedures were applied to 

understand the potential inhibitory sites on the DNA 

topoisomerase III beta and also their role as strong inhibitors 

[15]. Density Functional Theory (DFT) studies are performed 

to determine the electronic structure of these phytochemicals 

to understand their chemical reactivity and relative stability. 

The molecular electrostatic potential map of these 

compounds has been determined to identify the electrophilic 

and nucleophilic sites of interaction. 

 
 
METHODS 
 

Density Functional Theory (DFT) Study 
      Elucidation of the electronic structure of the molecules is 

performed through Density Functional Theory (DFT) 

calculations using Gaussian 16 program package [16]. DFT 

calculations using hybrid functionals deliver excellent 

computational accuracy with limited computational cost. The 

geometry optimization was carried out by B3LYP functional 

with 6-31++G(d,p) basis set. B3LYP exchange-correlation 

function with 6-31++G(d,p) basis set is carried out as it is the 

choice for medium to large systems offering the right balance 

of accuracy with efficiency. The convergence criteria were 

maintained at the default level without any constraint on the 

geometry. The analytic vibrational frequency of the global 

minima structure is computed at the same level to confirm the 

geometry to be minima on the potential energy surface. The 

energy of HOMO and LUMO is determined to understand 

the chemical reactivity of the compound.17-19Global 

reactivity descriptors in the framework of conceptual density 

functional theory (CDFT) have been computed. Moreover, 

the molecular electrostatic potential of the compound is 

calculated from the electron density to predict its reactive 

sites [17]. 

 
Molecular Docking Procedure 
      PatchDock server-Bioinfo 3D, a molecular docking 

algorithm [7] based on the shape complementarity principle 

is applied to carry out molecular docking studies on the 

selected compounds. The main role is to understand the 

binding pattern and the different types of interaction of these 

compounds with the amino acid present in the enzyme, 

human DNA topoisomerase III beta. The enzyme was 

selected as a cancer target due to its potential role in the DNA 

replication process. It was downloaded from Protein Data 

Bank as PDB files (PDB id 5GVC).  5GVC was chosen with 

a resolution of 2.44 A, R-Value free of 0.229, R-Value                   

work of 0.182, and R-Value observed of 0.184, 

https://www.rcsb.org/structure/5GVC. Water molecules, 

cofactors, and the inhibitors already attached to the enzyme 

were removed so that they do not cause any interference 

during the docking study. We performed structure-based 

molecular docking as the structure of both the targets and the 

ligands were known to us.  
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      All the ligands (dietary bioactive compounds) were 

downloaded from the Pub Chem database 

(https://pubchem.ncbi.nlm.nih.gov/) in SDF format. All 

structures were optimized using DFT calculation. The 

optimized structures from DFT calculations were used as the 

initial ligand in the docking procedure. After that, the ligands 

were converted to PDB format with the help of an online 

SMILES translator and the structure file generator built by 

the CADD Group's Chemoinformatics Tools and User 

Services, NIH. Every ligand (bioactive compound) and 

desired protein were selected one by one using Patch Dock 

web server and a docking experiment was done.  

      Patch Dock web server works in an online mode and 

predicts all the docking analysis based on structure-based 

rigid docking calculation. The output files were generated as 

various docking poses depicting different types of non-

covalent and non-bonding interaction which was then 

analyzed in detail for molecular docking analysis. Patch 

Dock molecular docking web server predicts one thousand 

different binding interactions between protein and ligand 

with highest to lowest order from top to bottom in  the  form  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of solution no. FireDock then filters top ten results after fine 

refinement and transformation and sorted these solutions 

according to global energy, the binding energy of each 

solution. Each solution represents one best molecular 

docking binding pose (strongest interaction) out of several 

others. All the docking results were then visualized using 

BIOVIA discovery studio visualizer. Similarly, two FDA-

approved standard anticancer drugs afinator and azacitidine 

were also investigated for the sake of comparison and as a 

positive control for the docking experiment.  

 
RESULTS AND DISCUSSIONS 
 
Density Functional Theory (DFT) Study 
      Geometry, energy, and frontier molecular orbital 

analysis. The optimized geometry of the molecules along 

with their atom numbering is shown in Fig. 1. Selected 

structural parameters and thermodynamic parameters such as 

free energy, enthalpy, electronic energy, and dipole moment 

of the molecules calculated at B3LYP/6-31++G(d,p) level 

are listed in Table 1 and Table 2, respectively. Spectroscopic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Optimized geometry of the studied compounds. Colour code: Red: O; Grey: C; and White: H. 
 

Fernesiferol 
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Table 1. Selected Structural  Parameters of  the  Investigated  
              Compounds at B3LYP/6-31++G(d,p) Level 
 

 

 

Bond 
parameter 

Bond 
lengths 
 (Å) 

Bond angle 
parameter  

Bond 
angle  
(º) 

Crocetin 
H47O1 0.971 C23O1H47 106.2 
C23O1 1.364 O1C23O3 121.0 
C23O3 1.221 C19C23O1 112.4 
C23C19 1.483 C19C23O3 126.5 
C19C17 1.362 C24O2H48 106.3 
C19C21 1.506 C20C24O2 112.4 
C17H39 1.088 C23C19C21 118.3 
C21H43 1.091 C21C19C17 125.8 
C21H41 1.095 C23C19C17 115.9 
C17C15 1.438 C17C15C9 121.9 
C15H37 1.086 C19C17C15 127.4 
C15C9 1.365 C15C9C5 126.6 
C9H27 1.090 C9C5C13 118.6 
C9C5 1.445 C9C5C7 117.8 
C5C13 1.509 C13C5C7 123.5 
C13H33 1.096 C5C7C11 127.9 
C13H32 1.090 C7C11C12 123.3 
C5C7 1.374 C11C12C8 123.3 
C7H25 1.090 C12C8C6 127.9 
C7C11 1.431 C8C6C14 123.5 
C11H29 1.088 C8C6C10 117.8 
C11C12 1.369 C14C6C10 118.6 
C13H33 1.088 C6C10C16 126.6 
C12C8 1.431 C10C16C18 121.9 
C8H26 1.090 C16C18C20 127.4 
C8C6 1.374 C18C20C22 125.8 
C6C14 1.509 C18C20C24 115.9 
C14H34 1.096 C24C20C22 118.3 
C14H36 1.090 C20C24O4 126.5 
C6C10 1.446 O2C24O4 121.0 
C10H28 1.090   
C10C16 1.365   
C16H38 1.086   
C16C18 1.438   
C18H40 1.088   
C18C20 1.362   
C20C22 1.506   
C20C24 1.483   
C22H46 1.095   
C22H45 1.091   
C24O2 1.364   
C24O4 1.221   
O2H48 0.971   
 
Ellagic acid 
1.359 C7O14H26 109.4 
0.969 C8C7O14 119.8 
1.361 C7C8O13 117.4 
0.970 C8O13H25 109.8 
1.375 C8C9O10 117.9 

1.409 C9O10C11 122.9 
1.206 O10C11O12 116.83 
1.359 C20O21H27 109.5 
0.969 C19C20O21 119.8 
1.361 C20C19O22 117.4 
0.970 C19O22H28 109.8 
1.375 C19C18O17 117.9 
1.409 C18O17C15 122.9 
1.206 O17C15O16 116.8 
1.412   
1.391   
1.392   
1.407   
1.401   
1.394   
1.083   
1.472   
1.392   
1.425   
1.406   
1.472   
1.401   
1.394   
1.412   
1.391   
1.084 
 

  

Dillapiole 
C9O4 1.369 C15O4C9 116.1 
C15O4 1.436 C6C9O4 123.9 
C8O3 1.379 C8C9O4 119.5 
C14O3 1.435 C8C9O3 119.5 
C6O1 1.382 C5C8O3 118.6 
C12O1 1.437 C8O3C14 115.8 
C12O2 1.429 C9C6O1 128.6 
C7O2 1.383 C6O1C12 104.2 
C5C11 1.520 O1C12O2 107.3 
C11C13 1.511 C12O2C7 104.8 
C13C16 1.336 C6C7O2 109.0 
C9C6 1.388 C10C7O2 128.5 
C6C7 1.390 C7C6C9 121.5 
C7C10 1.379 C6C9C8 116.5 
C10C5 1.412 C9C8C5 121.8 
C5C8 1.404 C8C5C10 119.9 
C8C9 1.419 C5C10C7 117.6 
C15H28 1.096 C10C7C6 122.4 
C15H26 1.091 C5C11C13 112.7 
C15H27 1.094 C11C13C16 124.8 
C12H20 1.091 C8C5C11 120.2 
C12H21 1.100   
C10H17 1.084   
C14H24 1.098   
C14H23 1.092   
C14H25 1.093   
C11H19 1.096   
C11H18 1.095   
C13H22 1.089   
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Table 1. Continued 

 

 

characterization using NMR, mass, IR, UV of crocetin 

derivatives [20], ellagic acid [21,22], ferulic acid [23], 

dillapiole [24,25], and shogaol [26] have been reported by 

many researchers. Our computed results match closely with 

the reported structural data. In addition, various electronic 

properties for example energy of the highest occupied 

molecular orbital (EHOMO) and lowest unoccupied 

molecular orbital (ELUMO), Energy difference (Egap) 

between HOMO and LUMO orbitals are also computed. In 

accordance with Koopman's theorem [27], ionization 

potential (I) and electron affinity (A) of a molecule is related 

to EHOMO and ELUMO respectively. HOMO and LUMO 

are also known as frontier orbitals and these orbitals are 

responsible for the reactivity and stability of a molecule. 

Various other reactivity parameters such as global hardness 

(h), softness (S), electronegativity (c), chemical potential (m) 

and electrophilicity index (w), electrodonating power (w-), 

electroaccepting power (w+) of the compounds are 

calculated. The energy of HOMO indicates how easily a 

molecule can donate its electron while the energy of LUMO 

characterizes the electron accepting ability of a molecule. 

[28,29] High value of EHOMO means easy donation of 

electrons and vice versa. The HOMO and LUMO values 

along with global reactivity descriptors are listed in Table 3. 

It is evident from the results in Table 2, that Cr has the highest 

HOMO energy (-5.427 eV) and it is the best electron donor 

among the studied molecules. The molecule Sh with LUMO 

energy of -3.486 eV is the best electron acceptor among these 

molecules.  

      The calculated 3D plots of frontier orbitals HOMO and 

LUMO with the energy gap are shown in Fig. 2. The 

computed energy gap determines whether the molecules are 

stable and polarized. Various literature reports correlate these 

values with the bioactivity of a compound as well as binding 

ability with a target molecule [17]. A stronger interaction is 

facilitated when the target molecule with high HOMO energy 

acts as an electron donor with the interacting molecule as an 

acceptor with lower LUMO energy. The global reactivity 

descriptors explain the chemical reactivity and kinetic 

stability of the compound. Ionization energy is the energy 

needed to remove an electron from a molecule. The higher 

the value of ionization energy, the higher the stability or 

chemical inertness whereas low ionization energy is  related 

C16H29 1.086   
C16H30 1.088   
    
Fernesiferol 
C28O4 1.211 O4C28C27 126.2 
C28O3 1.398 O4C28O3 117.5 
C27C28 1.457 C28C27H58 115.7 
C26C27 1.358 O3C23C21 117.2 
C26C25 1.437 O2C20C21 115.4 
C25C23 1.413 C20O2C19 119.2 
C23O3 1.367 O2C19C18 107.7 
C23C21 1.388 O2C20C22 124.3 
C21C20 1.401 C19C18C16 127.6 
C20C22 1.411 C18C16C17 124.8 
C22C24 1.389 C18C16C15 119.7 
C24C25 1.405 C16C15C11 113.5 
C20O2 1.358 C15C11C7 113.9 
C19O2 1.444 C11C7C6 117.2 
C19C18 1.496 C11C7C5 115.3 
C18C16 1.345 C7C6C14 119.6 
C16C17 1.510 C7C6C9 107.8 
C16C15 1.518 C7C6O1 102.6 
C15C11 1.546 C9C6O1 101.3 
C11C7 1.540 C10C8O1 102.3 
C7C6 1.578 C5C8O1 101.6 
C6C14 1.516 C6O1C8 97.4 
C6C9 1.554 C6C9C10 101.8 
C9C10 1.554 C9C10C8 101.1 
C10C8 1.544 C10C8C5 113.6 
C8C5 1.557 C6C7C5 101.3 
C7C5 1.588 C7C5C8 99.8 
C6O1 1.451 C7C5C13 112.1 
C8O1 1.438 C8C5C12 107.3 
C5C13 1.536 C12C5C13 108.5 
C5C12 1.543   
 
Shogaol 
C6O2 1.260 O2C6C9 121.6 
C6C4 1.469 O2C6C4 122.6 
C4O1 1.343 C6C4O1 124.5 
O1C14 1.441 C4O1C14 123.6 
C4C7 1.401 C7C4O1 115.3 
C7C5 1.394 C5C10C11 112.3 
C5C8 1.428 C10C11C12 113.6 
C8C9 1.369 C11C12C13 115.8 
C9C6 1.450 C12C13C15 122.0 
C5C10 1.509 C13C15C16 125.7 
C10C11 1.538 C15C16C17 112.8 
C11C12 1.525 C16C17C18 112.9 
C12C13 1.487 C17C18C19 113.4 
C12O3 1.225 C18C19C20 113.2 
C13C15 1.343   
C15C16 1.497   
C16C17 1.543   
C17C18 1.534   
C18C19 1.534   
C19C20 1.533   
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to the high reactivity of the molecule. Among all molecules, 

Cr is having the lowest ionization energy, suggesting it as the 

most reactive molecule. The energy released when an 

electron is added to a neutral molecule is called electron 

affinity. A molecule having high electron affinity can accept 

electrons easily. According to the computed data, the 

molecule Sh has the highest electron affinity. Various other 

global chemical reactivity descriptors are also calculated. 

These parameters are closely associated with the structural 

configuration of the molecule. The chemical potential is the 

escaping tendency of an electron and is related to 

electronegativity. Among the studied molecules, Di is the 

least stable and reactive molecule according to the chemical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

potential data. Sh has the highest electronegativity among all 

the molecules. The hardness and softness of a molecular 

system play a major role in understanding the reactive 

behavior of a molecule. Soft molecules have a low energy 

gap and they are easily polarizable compared to hard 

molecules. The higher the value of the global hardness, the 

lower the reactivity while the higher value of global softness 

indicates higher reactivity. Ea and Di are the molecules with 

the highest values of hardness and softness respectively. 

Electrophilicity signifies the stability of a molecule in case it 

is saturated with electrons from an external source. The lower 

value of  suggests a reactive nucleophile whilst a higher 

value indicates a good electrophile. In  the present  study, Di  

Table 2. Thermodynamic Parameters of the Investigated Compounds Calculated at B3LYP/6-31++G(d,p) Level 

 

Compound Free energy 

(Hartree) 

Enthalpy 

(Hartree) 

Electronic energy 

(Hartree) 

Dipole moment 

(Debye) 

Cr -1077.200541 -1077.111106 -1077.139052 0.000300 

Ea -1138.850977 -1138.790090 -1138.807833 0.004758 

Fe -1233.142145 -1233.053621 -1233.081244 8.970976 

Di -766.365693 -766.304231 -766.321178 1.665932 

Sh -887.041424 -886.961599 -886.984652 4.199889 

 

 

  Table 3. FMO Energy Parameters and Global Ractivity Descriptors of the Compound 

 

Parameters Cr Di Ea Fe Sh 

 

HOMO (eV) -5.427 -5.769 -6.437 -6.312 -5.694 

LUMO (eV) -3.026 -0.382 -2.472 -1.961 -3.486 

ΔE = (LUMO-HOMO) (eV) 2.401 5.387 3.965 4.351 2.208 

I = -E(HOMO) (eV) 5.427 5.769 6.437 6.312 5.694 

A = -E(LUMO) (eV) 3.026 0.382 2.472 1.961 3.486 

χ = (I + A)/2 (eV) 4.226 3.075 4.454 4.136 4.590 

μ = - χ (eV) -4.226 -3.075 -4.454 -4.136 -4.590 

ղ = (I - A)/2 (eV) 2.401 2.693 3.965 2.175 1.104 

S = 1/ղ (eV) 0.416 0.371 0.252 0.459 0.906 

ω = μ2/2 ղ (eV) 3.719 1.755 2.502 3.932 9.542 

ω- = (3I + A)2/16(I - A) 9.703 3.630 7.479 6.273 11.975 

ω+ = (I + 3A)2/16(I - A) 5.478 0.554 3.025 2.136 7.385 
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is the best nucleophile with the lowest electrophilicity and Sh 

is the best electrophile with the highest electrophilicity. 

     The molecular electrostatic potential (MEP) of the 

compounds  is  computed  using  the  electron density of  the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

molecules and displayed in Fig. 3 with their color-coded 

scale. The MEP diagram describes the charge distribution in 

the molecule and predicts the electrophilic and nucleophilic 

active sites of the complex based on the electron density [30].  

Molecules and 
band gap Eg (eV) 

HOMO (in eV) LUMO (in eV) 

 
 
Cr 
Eg = 2.401 

 
 

-5.427 -3.026 
 
 
Di 
Eg = 5.387 

  
-5.769 -0.382 

 
 
EA 
Eg = 3.965 

 
 

-6.437 -2.472 
 
 
Fe 
Eg = 4.351 

  
-6.312 -1.961 

 
 
Sh 
Eg = 2.208 

  
-5.694 -3.486 

 
Fig. 2. HOMO, LUMO plots and band gap of the molecules were calculated at B3LYP/6-31++G(d,p) level. 
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The increasing order of electrostatic potential is indicated in 

the colour scale from red to blue. The region with green 

colour is the region with zero potential. In the MEP map, the 

oxygen atoms in the moiety are observed as the strong 

electrophilic region with bright red to orange colour. These 

sites are responsible for the electrophilic reactivity of the 

compound. While the regions with blue colour are associated 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with positive electron density for nucleophilic reactivity. 
 
Molecular Docking Procedure 
      All the five bioactive molecules namely ellagic acid, 

dilapiole, fernesiferol, shogaol, and crocetin were docked one 

by one to the active sites of the enzyme, DNA Topoisomerase 

III beta.  Among 1000  different  modes of  binding, the best  

 

 

 
Crocetin 

 

 

 

 

 

 
Dillapiole Ellagicacid  

 

 

 

 

 

 

Ferulicacid  Shogaol 

Fig. 3. Molecular electrostatic potential map of the investigated compounds. 

Fernesiferol 
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10 possible modes of interaction were screened and selected 

using PatchDock molecular docking software. Additionally, 

we have performed molecular docking study of two FDA-

approved drugs Afinator and Azacitidine against DNA 

topoisomerase III beta. The binding results were shown in the 

form of global energy in Table 4. From Table 4, it can be seen 

that Di has the highest global energy in solution 1                                                         

(-32.36 kcal mol-1), Ea has global energy of                                                                         

-36.71 kcal mol-1 in solution 3, Fe with -41.25 kcal mol-1 in 

solution 3, Sh with -36.16 kcal mol-1 in solution 1. Cr with 

global energy of -42.43 kcal mol-1 which is the highest among 

all the five plant bioactive molecules chosen for the study. 

The highest global energy of Cr (crocetin) may be due to the 

long, linear structure of the molecule that allows it to interact 

strongly with the amino acid residues of the enzyme. 

      Additionally, from the molecular docking results, it may 

be understood that crocetin not only has the highest global 

energy of binding but the results also depict that it has the 

highest repulsive and attractive van der Waals forces along 

with the highest solvation energy. These forces are equally 

important for the study as these contribute to the total energy 

in the form of overall binding energy released when crocetin 

binds strongly with the target enzyme. Different types of      

molecular interactions between these five phytochemicals 

with DNA Topoisomerase III beta are listed in Table 5. 

Atomic   contact   energy   is   defined   as   the   energy   of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

replacing a protein-atom/water contact, with a protein-

atom/protein-atom contact. The results in Table 5 depict that 

crocetin has the highest atomic contact energies along with 

the highest attractive and repulsive van der Waals energies. 

This is followed by the compound shogaol. These forces are 

responsible for making the interaction more stable and 

stronger. When the compounds interact with amino acid 

residues of DNA topoisomerase III beta, a number of 

interactions between the functional group of the compounds 

and amino acid of the enzyme takes place. The higher number 

of interactions leads to better and stronger interaction. 

Sometimes if the no of interactions is less, then the amount 

of binding energy released indicates the strength of molecular 

interaction between the ligands and the target enzyme. 

      Figures 4a and 4b depict the molecular docking 

interaction of Di with the proposed cancer target. From the 

figure, it is evident that dillapiole (Di) is docked into the 

active site of the enzyme and is making hydrogen bonding 

with Valine 529 of the enzyme. Valine is a non-polar amino 

acid and it resides in the interior groove of the enzyme. 

Similarly, ellagic acid (Ea) docks with the enzyme 

topoisomerase III beta with six hydrogen bonding 

interactions shown in Figs. 5a and 5b. The amino acids which 

interact with Ea are Ser 443, Glu 465, Glu 465, Leu 255, Leu 

256, and Val 529. Glutamic acid being an acidic amino acid 

residue on the surface of the enzyme and the others are  non- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Binding Energies of Top Ten Binding Modes of Small Dietary Phytochemical-cancer Target-DNA Topoisomerase (Beta  

              III) Complex with Standard Anticancer Drugs During Molecular Docking Procedure  

 

Small 

phytochemical 

Global energy (Total binding energy) of top ten binding interactions (Solution No/docking mode) in kcal mol-1 

Different solutions represent different docking modes between protein and ligand 

1 2 3 4 5 6 7 8 9 10 

Di -32.36 -27.27 -27.58 -16.78 -28.47 -28.12 -17.42 -25.63 -22.14 -18.06 

Ea -20.21 -33.44 -36.71 -30.23 -30.50 -29.87 -31.73 -15.34 -17.11 -26.52 

Fe -23.25 -26.25 -19.19 -41.25 96.99 -39.35 -23.94 -5.47 -26.25 -13.07 

Sh -36.16 -19.86 -6.36 -21.01 -8.38 -10.35 -33.85 -22.27 -28.92 -12.40 

Cr -35.14 -28.48 202.88 -42.43 -35.29 -37.27 -33.84 -40.10 -33.30 -45.84 

Standard drugs           

azacytidine 

(Breast cancer) -12.46 -14.22 -34.08 -8.73 -14.31 -30.54 -30.18 -31.02 -26.34 -25.86 

Afinator 

(Lung cancer) 74.91 -43.49 -28.09 9.86 -44.12 -22.67 -26.14 -6.69 -5.54 9.61 
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Table 5. Different Types of Interaction with their Energy Release between Potential Food Phytochemicals and Cancer Target  

              DNA Topoisomerase Beta III  

 

Dietary 

phytochemical 

Highest global 

energy/Binding 

energy 

(kcal mol-1) 

Attractive van 

der waals force 

(kcal mol-1) 

Repulsive 

van der waals 

force 

(kcal mol-1) 

Atomic contact 

energy 

(Solvation free 

energy) 

(kcal mol-1) 

Amino acid 

involved in 

hydrogen 

bonding 

interaction  

Predicted 

hydrogen 

bond length 

(A)  

Di -32.36 -14.74 2.22 -7.75 Val 529 1.5313 

Ea -36.71 -18.18 1.10 -6.82 

Ser 443 

Glu 465 

Glu 465 

Leu 255 

Leu 256 

Val 529 

2.4815 

2.7489 

3.0655 

3.4547 

3.2054 

3.0784 

Fe -26.43 -11.30 2.86 -7.93 Gln201 3.0302 

Sh -36.16 -18.52 5.22 -8.71 

Asp77 

Glu 530 

2.3828 

3.3665 

Cr -42.43 -20.05 4.32 -12.87 

Val 338 

Val338 

2.2338 

2.6634 

 

 
 
 
 
 

 

 

a b 

 

Fig. 4. a) Bioactive compound-Di (fluorescent green) is shown docked into the groove of the cancer target enzyme shown in  

           tertiary  structure-alpha   helix (red)  and  beta  pleated  sheet (blue). b) Molecular  docking  showing  the  interaction  

           between   dietary   bioactive   compound-Di (Blue)   with   amino acid-Val 529 (green) of  the  target   enzyme (DNA  

            topoisomerase III beta-5GVC). 
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polar amino acids. It indicates that the compound has the 

ability to interact with both the polar and non-polar amino 

acids of the cancer target. The docking interaction of the third 

phytochemical namely fernesiferol (Fe) is  shown  in  Fig. 6a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and Fig. 6b. It depicts hydrogen bonding interactions with 

amino acids Gln 201and Asp 77 of the target enzyme. 

Shogaol (Sh) is another bioactive compound for docking, 

reveals the presence of  five hydrogen  bonding with  amino  

 
 
 
 

  

a b 

Fig. 5. a) Bioactive  compound-Ea  (fluorescent green)  is  shown docked into the groove of the cancer target enzyme shown  

           in  tertiary  structure-alpha helix  (red) and beta pleated  sheet  (blue). b) Molecular docking  showing  the  interaction  

           between food bioactive compound-Ea (Yellow) with amino acid- Ser 443 (orange), Glu 465 (red), Glu 465 (red), Leu  

255 (green), Leu 256 (green), Val 529 (not shown) of the target enzyme (DNA topoisomerase III beta-5GVC). 

 

                         
                                                a                                                                            b 
Fig. 6. a) Bioactive compound-Fe (fluorescent green) is shown docked into the groove of the cancer target enzyme shown in  

           tertiary  structure- alpha  helix (red) and beta pleated sheet (blue). b) Molecular docking showing interaction between 

           dietary   bioactive    compound-Fe    (Maroon)    with   amino   acid-Val 529 (Green)  of   the   target  enzyme  (DNA  

           topoisomerase III beta-5GVC). 
 

401 



 

 

 

Guin et al./Phys. Chem. Res., Vol. 11, No. 2, 391-408, June 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

acids namely Gly 436, Val 529, Glu 530, Leu 256, and Val 

529. The binding modes during docking of Sh are presented 

in Figs. 7a and 7b. Crocetin (Cr) is interacting with just one 

hydrogen bonding with  Val 338 of  DNA topoisomerase III 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

beta whose docking interaction is shown in Figs. 8a and 8b. 

The studied dietary phytochemicals were also contributing 

towards various non-bonding interactions such as alkyl,               

pi alkyl, pi sigma, pi lone  pair,  and  carbon-hydrogen  with  

 
 
 

 
 

a b 

Fig. 7. a) Bioactive  compound-Sh (fluorescent green) is shown docked into the groove of the cancer target enzyme shown in  

           tertiary  structure-alpha  helix  (red)  and   beta  pleated  sheet (blue).  b) Molecular  docking  showing  the  interaction  

          between food bioactive compound-Sh (Pink) with amino acid- Gly 436 (white), Val 529 (green), Val 529 (green), Glu  

          530 (red), Leu 256 (green) of the target enzyme (DNA topoisomerase III beta-5GVC). 

 

 
 
 
 

 
 

a b 

Fig. 8. a) Bioactive compound-Cr (fluorescent green) is shown docked into the groove of the cancer target enzyme shown in 

           tertiary  structure-alpha  helix  (red) and  beta  pleated  sheet (blue).  b)  Molecular  docking  showing  the  interaction  

          between  food   bioactive   compound-Cr (Yellow)  with   amino  acid-Val 338 (green)  of  the  target  enzyme  (DNA  

           topoisomerase III beta-5GVC). 
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specific amino acid residues of the cancer target. 

Visualization of the non-bonding interactions is performed 

using the Discovery studio molecular docking visualizer. 

These unusual types of interactions clearly indicate  the way  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in which the binding site of the target and the corresponding 

amino acid interact with each other. All these non-bonding 

interactions were shown in Figs. 9a, 9b, 9c, 9d, and 9e. 

      The molecular docking study revealed that, out of the five 

  
a b 

 

 

c d 

 
e 

   Fig. 9. a) Ea (centre) is  showing pi  sigma  bond  with  Arg 194, Pi lone pair  interaction  with Asp 74, and Trp 73 of  the  
              protein b) Sh (centre) is  showing alkyl  bond with  Met 276, Leu 279, and carbon-hydrogen  bond  with  Met 272.  
             c) Cr (centre) is  making alkyl  interaction  with  Ile 514, Ala 512.  d) Fe (centre) is making alkyl interaction  with  
             Lys 75 and Lys 198, pi alkyl  interaction with Lys 198 and Pro78, pi anion  interaction with Asp 77. e) Di (centre)  
            is making carbon-hydrogen bond with Pro 86, alkyl bond with Leu 81, Pi alkyl bond with Val 76, Ala 85, Phe 86,  

              Pro 86, Pi sigma bond with Phe 66. 
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compounds chosen for investigation, ellagic acid and shogaol 

are the compounds that make stronger interactions with the 

cancer target. The general notion is that the stronger the 

interaction, the higher will be the released binding energy. 

However, a binding energy study from molecular docking 

experiment revealed that it is not always necessary. As in the 

case of crocetin with just one hydrogen bonding, it exhibits 

binding energy of -42.43 kcal mol-1. The next higher binding 

energy is displayed by fernesiferol, elagic acid and shogaol 

with values, -41.25 kcal mol-1, -36.71 kcal mol-1 and                       

-36.16 kcal mol-1 respectively. The probable reason for this 

kind of anomaly would be the difference in their chemical 

structure which can alter their biophysical interaction [31-

33]. Thus to understand more of the interaction in these 

compounds, density functional theory analysis has also been 

performed. The stability and reactivity of these compounds 

are studied in the light of conceptual density functional 

theory by computing various global reactivity parameters. 

The DFT results and the molecular docking results are well 

connected with each other. The binding study indicates that 

it is the hydroxyl group (OH) present in these 

phytochemicals, that plays an important role in interacting 

with different functional groups e.g. (-C=O, -OH, -NH) of the 

enzymes. Various hydrogen bonding interactions between 

the compounds and DNA topoisomerase III beta have been 

listed  in  Table 6.  Also,  various  non-bonding  interactions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

between them were shown in Table 7. The amino acid 

involved in these interactions were shown in Figs. 9 a, b, c, 

d, and e.  

      The results of binding modes of two FDA-approved 

drugs Afinator and Azacitidine against DNA topoisomerase 

III beta are shown in Table 8. The amount of binding energy 

released for Afinator and Azacitidine was found to be -44.12 

kcal mol-1 and -34.08 kcal mol-1, respectively. From the 

molecular docking results of the five small dietary 

phytochemicals shown in Table 5, we found that crocetin            

(-42.43 kcal mol-1), fernesiferol (-41.25 kcal mol-1), ellagic 

acid (-36.71 kcal mol-1), and shogaol (-36.1 kcal mol-1) have 

more binding energy than the FDA approved Azacitidine.. 

Even crocetin (-42.43 kcal mol-1) is showing almost 

comparable binding affinities as that of the second FDA-

approved drug Afinator. The docking interaction of 

Azacitidine and Afinator is shown in Figs. 10a and 10b, 

respectively. The results reveal that Azacitidine interacts 

through four hydrogen bonds with amino acids Trp 73,             

Glu 268, Asp 65, and Val 76 while Afinator is involved in 

five hydrogen bonding interactions with amino acids Asp 65, 

Thr 63, Glu 268, Asp 266, and Arg 18. 

                                                                     
CONCLUSIONS 
 

      Five  potential  dietary phytochemicals e.g. crocetin (Cr),  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
a b 

Fig. 10. a) Molecular  docking showing  the  interaction between  FDA-approved cancer drug -Azacitidine (Yellow) with  

             amino acid- Trp 73 (purple)  and  Val 76 (green)  of  the  target  enzyme  (DNA  topoisomerase III  beta-5GVC). 

            b) Molecular docking showing the interaction between second FDA-approved cancer drug-Afinator (fluorescent  

            green) with  amino  acid- asp 65 (red), thr 63 (orange), glu268 (red), Asp 266 (red), Arg 181 (blue) of  the target  

                enzyme (DNA Topoisomerase III beta-5GVC. 
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ellagic acid (Ea), fernesiferol (Fe), dillapiole (Di),                    

and Shogaol (Sh) have been investigated thoroughly                           

using various computational  approaches.  DFT  calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

recognized all the compounds as stable structures. The 

computed quantum chemical descriptors indicate their 

chemical stability and reactivity. The molecular electrostatic 

                Table 6. Type of Molecular Interaction between Cancer Target and the Bioactive Compounds  

 

Bioactive compounds Types of hydrogen bonding between bioactive 

compound- DNA Topo III beta complex 

Di -O-H----O=C- 

Ea 

-O-H----O=C- 

-O-H----H-O- 

-O----H-N- 

Fe -O-H---N-H 

Sh 

-O-H---O=C- 

-O-H---H-O- 

-O-H----N-H- 

Cr -O-H---N-H- 

 

 

                      Table 7. Different Types of  Non-bonding Interaction between  Dietary Phytochemicals and DNA 

                                    Topoisomerase III Beta  

 

Compounds  Types of non-bonding interactions  

Di Alkyl, pi alkyl, pi sigma 

Ea pi sigma, pi lone pair 

Fe Alkyl, pi alkyl, pi anion 

Sh Alkyl, carbon hydrogen 

Cr Alkyl 

 

 

Table 8. Different Types of Interaction with their Energy Release between Potential FDA Approved Cancer Drugs and Cancer  

              Target DNA Topoisomerase III Beta 

 

Standard drugs 

 

  

Highest global 

energy/Binding 

energy 

(kcal mol-1) 

Attractive van der 

waals energy 

(kcal mol-1) 

Repulsive van 

der waals 

energy 

(kcal mol-1) 

Atomic contact 

energy (Solvation 

free energy 

(kcal mol-1) 

Amino acid 

involved in 

interaction  

No of 

interaction 

(Hydrogen 

bonding) 

Azacytidine 

(Breast cancer) -34.08 -12.91 1.06 -10.00 Trp 73, Val 76 4 

Afinator 

(Lung cancer) -44.12 -34.61 19.54 -5.32 

Glu 268, Asp 

65, Thr 63, Asp 

266, Arg 181 5 
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potential (MEP) predicts the sites of electrophilic and 

nucleophilic interaction in these compounds. The region near 

the oxygen atoms with high electron density is predicted to 

be the site for electrophilic reactivity. While the regions near 

the hydrogen atoms are the sites for nucleophilic reactivity of 

these phytochemicals. Molecular docking results conclude 

that all these natural phytochemicals have the binding ability 

with the cancer target-DNA topoisomerase III beta. Among  

the five studied bioactive molecules, Ea, Sh, Fe and Cr have 

higher binding energy compared to FDA approved drug 

azacitidine. Cr is found to have the highest binding energy of 

-42.43 kcal mol-1 which is comparable with another FDA-

approved drug afinator. The linear structure of crocetin 

allows the molecule to interact strongly with the amino acid 

residues of the enzyme. The results of DFT analysis revealed 

Cr as the most reactive molecule with the lowest ionization 

potential which is supported by the highest binding energy of 

Cr in the molecular docking study. Thus, our DFT results are 

in sync with the molecular docking studies.  

      Anticancer synthetic drugs are of high molecular weight 

and they exhibit tremendous side effects. In this context, our 

studies with low molecular weight natural phytochemicals 

can be thought of as an option for replacing high molecular 

weight synthetic drugs. Therefore, Cr along with Fe, Ea and 

Sh, it has high potential to act as an anticancer drug. 

However, this work has to be substantiated with biological 

laboratory-based experiment.  
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