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      Cancer is the second most lethal disease worldwide after cardiovascular disease. Discovering and developing new drugs and repurposing 

existing drugs to curb this disease have gathered interest from researchers globally. In this work, computer-aided approaches via density 

functional theory (DFT), molecular docking, and pharmacokinetics were adopted for the evaluation of anti-breast cancer activity of 2-({4-

[(1H-Benzimidazol-2-yl)sulfanyl]phenyl}methylidene)hydrazine-1-carbothioamide and its modified derivatives. In the result, the BMHCd 

showed the lowest bang gap energy, indicating the most reactive among the compounds. Also, molecular docking showed that all the 

compounds have stable interactions and higher binding energy, with BMHCf showing the highest (-8.469 kcal mol-1). Furthermore, all the 

compounds satisfy the Lipinski rule of five and are, therefore, good therapeutic candidates for the treatment of human cancer. 
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INTRODUCTION 
 

      Cancer, also known as a malignant tumor, is a 

heterogeneous tumor that affects all parts of the body. It is a 

type of disease in which a group of cells exhibits 

uncontrollable and rapid growth. According to World Health 

Organization, cancer is said to be the leading cause of death 

globally after cardiovascular disease [1] with nearly 10 

million deaths recorded in 2020 due to cancer-related disease 

(WHO, 2021) [1]. One of the most common cancer treatment 

methods is chemotherapy (the use of drugs). However, most 

of these drugs have some adverse effects and high multidrug  
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resistance has been reported in some [2-3]. Therefore, it is 

imperative to design more effective and safer anti-cancer 

drugs.  MCF-7 cell line has been an effective cell line for 

breast cancer investigation worldwide. The MCF-7 cell line 

is important in studying the estrogen receptor (in vivo and     

in vitro). 

      Polo-like kinase 1 (PLK1) plays a crucial part in 

modulating the G2-M phase of the cell cycle [4], which 

includes the controlling of centrosome maturation and 

spindle assembly, the deactivation of anaphase-promoting 

complex/cyclosome (APC/C) inhibitors, the elimination of 

cohesins from chromosome arms, and the controlling of 

mitotic exit and cytokinesis [5]. PLK1 is an oncogene that is 

highly expressed in a variety of cancers, including breast 

cancer [6]. Small molecule PLK1 blockers lead to a reduction  
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in cancer cell development and a rise in apoptosis as a result 

of the inhibition of PLK1 inducing mitotic arrest of cancer 

cells [7]. 
      Heterocyclic compounds have been reported useful in 

this regard [8-20]. Benzimidazole heterocyclic scaffold is           

an overwhelming pharmacophore in pharmaceutical and 

medicinal chemistry, it can be termed the “Master key” due 

to its great pharmacological potential [11]. It is an important 

pharmacological active molecule that serves as one of the top 

ten most used nitrogen-containing heterocycles among the 

US Food and Drug Administration (FDA) approved drugs 

[12]. Benzimidazole has several biological activities such as 

anti-cancer [13], antimicrobial [14], antihelmintic [15],                  

and anti-inflammatory [16]. The therapeutic potential of 

benzimidazole has drawn the attention of several researchers 

to design and synthesized more potent derivatives with high 

pharmacological activities. Benzimidazole has shown several 

anticancer potentials with various mechanisms to inhibit 

tumor progression including anti-angiogenesis, disruption of 

microtubule polymerization, induction of apoptosis, and cell 

cycle (G2/M) arrest [17]. Also, Thiosemicarbazones are the 

backbones of many molecules with diverse biological 

activities like antimalarial [18], anticancer [19], anti-

inflammatories [20], anti-HIV [21], and anticonvulsant [22]. 

Computer-aided drug design is used to predict and design 

novel molecules with potential therapeutic activities [23-24] 

with great success. It is a rapid, cheap, and fast method used 

in predicting and designing novel, highly potent drugs [25]. 

Density Functional Theory (DFT) is a quantum chemical 

method employed to predict molecules’ structural parameters 

[26-28]. Molecular docking probes into the right pose of a 

small molecule inside the target protein (receptor) [29-30]. It 

identifies the binding sites and bioactivities of a small 

molecule in the target site [32-33]. 

      2-({4-[(1H-Benzimidazol-2-yl)sulfanyl]phenyl} 

methylidene)hydrazine-1-carbothioamide (BMHCa) has 

been synthesized and characterized by (Ubeid et al., 2021) 

[34]. The synthesis procedure is shown in Fig. 1. In this 

study, we employed DFT and molecular docking studies to 

investigate the anticancer activity of BMHCa and its 

derivatives for the first time. The derivatives are from the 

inclusion of CH3 (BMHCb), NH2 (BMHCc), NHCOCH3 

(BMHCd), OCH3 (BMHCe), and OH (BMHCf) into                     

the   phenyl  ring in  benzimidazole  moiety  (Fig. 2).  These  

 

 

derivatives have been proved to enhance the reactivity and 

bioactivity of a molecule as highlighted by previous work 

[35]. 

 

 
Fig. 1. The synthesis procedure of BHMCa [34]. 

 

                  

 
(1) R = H (BHMCa), 

(2) R = CH3 (BHMCb), 

(3) R = NH2 (BMHCc), 

(4) R = NHCOCH3 (BMHCd), 

(5) R = OCH3 (BMHCe), 

(6) R = OH (BMHCf) 

Fig. 2. Structures of BMHC and its derivatives. 

 

 
METHODOLOGY 
 

DFT Calculations  
      DFT is used to investigate the stability and chemical 

reactivity of a molecule [36]. The DFT quantum analysis for 

the ground state electronic properties and reactivity indices 

of  the  compounds  was   performed   using   SPARTAN 14 
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software [37]. The structures of the compounds were 

modelled using Spartan 14. The most stable conformers of 

each compound were searched using molecular mechanics 

Force Field (MMFF) before geometric optimization at the 

DFT/B3LYP [38] and 6-31G* basis set [39]. The calculated 

molecular properties are the energies of the frontier 

molecular orbitals (EHOMO and ELUMO). A higher value of 

EHOMO signifies a reasonable potential of a molecule to 

donate electronic density readily to nearby atoms and lower 

ELUMO indicates the ability to accept electronic density [40]. 
The reactivity of a molecule is enhanced with an increase in 

EHOMO energy and a decrease in ELUMO energy. The band gap 

energy (ΔE) can be defined as the difference between the 

energy of LUMO and HOMO (Eq. (1)) and is another vital 

parameter to predict the stability and reactivity of a molecule. 

A larger value of the energy band gap implies high chemical 

stability and low reactivity while a lower value of band gap 

energy signifies high reactivity and low chemical inertness 

[41-42]. 

 

      ∆E = ELUMO - EHOMO                                                      (1) 

 

      Furthermore, some other properties used to describe the 

reactivity of a molecule (reactivity descriptors) were also 

calculated. Ionization energy (I) and electron affinity (A) 

according to a theorem proposed by Koopmans [43] are 

related to the energy of HOMO and LUMO (Eq. (2) and            

Eq. (3)). 

 

      I = -EHOMO                                                                                 (2)                                                                                                                                                                      

 

      A = -ELUMO                                                                      (3) 

  

      Electronegativity (χ), and chemical potential (μ) 

according to Parr and Pearson [44], can be expressed in the 

function of ionization energy and electron affinity (Eq. (4)). 

The chemical hardness (η) and softness (S) can be expressed 

using Parr and Pearson theorem [44] in Eqs. (5) and (6) 

respectively. 

 

      χ = -μ =  
ூା஺

ଶ
                                                                             (4) 

 

      η =  
ூି஺

ଶ
                                                                                     (5) 

 

 

      S =  
ଵ

஗
                                                                                        (6)   

 

Molecular Docking Study 
      Protein preparation and Receptor grid generation. 

The crystal structure of the target receptor PLK (3FC2) with 

a 2.45 Å resolution factor was retrieved from the PDB 

database. The protein structure was prepared by the addition 

of the hydrogen atoms, setting of bond order, removal of the 

water molecule, replacement of missing atoms, and addition 

of side chain implementing the "Protein Preparation module" 

in the Schrodinger suite 2018 software [45]. OPLS3 was 

applied to save energy. The grid box was obtained using 

receptor grid generation. The grid was created by selecting 

the co-crystallized ligand which provides an insight into the 

active site of the receptor through the coordinate ((X: 48.26, 

Y: -7.45, and Z: 9.56) [46-47]. 

 

Ligand Preparation  
       Employing Spartan 14.4 software tool, the 3D structure 

of Benzimidazole-Carbonamide and five of its derivatives 

were modelled by varying its functional group. The standard 

ligand Volasertib was downloaded from the PubChem 

website. The ligands were prepared using the LigPrep tool of 

Schrodinger suite 2018, which included the generation of 

tautomers and ionization states at neutral pH. Hydrogen 

atoms were added and charged groups were neutralized using 

Epik [45-46] 

 

Molecular Docking 
      The extra precision method was used to dock the 

compounds at the active site of the 3FC2 with the aid of the 

generated grid box parameters (X: 48.26, Y: -7.45, and Z: 

9.56 respectively) [48]. Additionally, the co-crystallized 

ligand retrieved from the protein was re-docked at the active 

site of the protein and its RMSD value was observed at                      

1.50 Å which supports the validation and reproducibility of 

the docking method [49-53].  

 

Drug-likeness Properties 
      The studied compounds' drug-likeness parameters were 

analyzed using the SwissADME web server 

(http://www.swissadme.ch/). 
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 In silico Pharmacokinetics Prediction 
      The absorption, distribution, metabolism, excretion, and 

toxicity (ADMET) properties were predicted using the 

admetSAR online server (admetSAR (ecust.edu.cn) [53]. 

 
RESULTS AND DISCUSSIONS  
 
Global Reactivity Descriptors  
      The descriptors computed for the Benzimidazole-

carbonamide derivatives are shown in Table 1. The HOMO 

energies of the studied molecules are in order: BHMCc           

(-5.40 eV) > BHMCd (-5.45 eV) > BHMCe (-5.56 eV) > 

BHMCb (-5.59 eV) > BHMCf (-5.60 eV) BHMCa                      

(-5.61 eV). BHMCc has the highest HOMO orbital energy 

value (EHOMO = -5.40 eV), indicating that there is more ability 
of electron density distribution of BHMCc than other 

derivatives, hence BHMCc should donate electrons more 

readily to a nearby molecule. The LUMO energy shows the 

ability of a molecule to accept electrons from neighboring 

atoms. The lower the LUMO energy, the higher the ability to 

accept electrons [54]. BHMCa (-1.80 eV) had the lowest 

LUMO energy value indicating a high tendency to accept 

electrons. The HOMO structure of molecules 1, 2,                                   

and 5 shows HOMO distribution over the 

hydrazinecarbothioamide moiety (Table 2). In BHMCc and 

BHMCd, the HOMO structure shows the distribution of 

HOMO over the benzimidazole ring. This is because of the 

attachment of a more electron-donating group (NH2 and 

NHCONH3) to benzene in the benzimidazole ring. This 

enhances the electron-releasing ability of the compounds. All 

the molecules show a distribution of LUMO over 

thiobenzylidenes-hydrazinecarbothioamide (Table 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      The tendency of a molecule to be more reactive can be 

observed using the HOMO-LUMO energy gap (∆E) since 

this value is related directly to the reactivity of a molecule 

[54]. The lower the ∆E, the higher the reactivity. ∆E values 

calculated for all the derivatives are shown in Table 1, The 

values are in order: BHMCd < BHMCc < BHMCa < BHMCb 

< BHMCf < BHMCe. BHMCd showed the lowest energy gap 

hence, the most reactive among the molecules. Chemical 
hardness (ⴄ) measures the resistance toward electron cloud 

deformation of a system [55]. Hard molecules usually have 

high stability while chemical softness (S) measures the 

ability of a system to be subject to the distribution of electron 

density thereby increasing the reactivity of a molecule. 

BHMCd shows the highest chemical softness (0.50 eV-1) 

which may contribute to the higher reactivity among the 

studied compounds. The chemical hardness varies in the 

order BHMCe > BHMCf > BHMCb > BHMCa > BHMCc > 

BHMCd. BHMCd also has the lowest chemical hardness. 

 
Molecular Electrostatic Potential (MEP) Map and 
Analysis 
      The MEP map provides insight into the site of a molecule 

with excess electrons and the site with electron deficiency. 

Negative electrostatic potential shows specific sites in a 

molecule for an electrophilic attack. The electrostatic 

potential can be represented by utilizing color to show the 

value of the potential. The red color indicates the site of the 

molecule with negative electrostatic potential while the blue 

color indicates the site with positive electrostatic potential. It 

follows the order: blue > green > orange > red. All maps are 

shown in Figs. 3, 4, 5, 6, 7 and 8. The sites liable to 

nucleophilic  attack are  mainly  hydrogen  atoms  in  all  the  

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Quantum Chemical Parameters Calculated 

 

Name EHOMO 

(eV) 

ELUMO  

(eV) 

∆E 

(eV) 

I 

(eV) 
A 

(eV) 
ⴄ 

(eV) 

δ 

(eV-1) 

χ 

(eV) 

BHMCa -5.61 -1.80 3.81 5.61 1.80 1.91 0.52 3.71 

BHMCb -5.59 -1.68 3.91 5.59 1.68 1.95 0.51 3.64 

BHMCc -5.40 -1.63 3.77 5.40 1.63 1.89 0.53 3.52 

BHMCd -5.45 -1.77 3.68 5.45 1.77 1.84 0.54 3.61 

BHMCe -5.56 -1.63 3.93 5.56 1.63 1.97 0.50 3.60 

BHMCf -5.60 -1.68 3.92 5.60 1.68 1.96 0.51 3.64 

 
336 



 

 

 

Computational Investigation of Polo-like Kinase 1 (plk1)/Phys. Chem. Res., Vol. 12, No. 2, 333-348, June 2024. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 2. Optimized Structure, HOMO Structure, and LUMO Structure 

 

Optimized structure HOMO map LUMO map 

 
BHMCa 

  

 
BHMCb   

 
BHMCc   

 
BHMCd 

  

 
BHMCe   

 
BHMCf 
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Fig. 3. MEP map BHMCa. 

 

 

 
Fig. 4. MEP map of BHMCb.                                                       

 

 
Fig. 5. MEP map of BHMCc.                                   

 

 

 
Fig. 6. MEP map of BHMCd.   

 

                                                 

 
Fig. 7. MEP map of BHMCe. 

                                    

 

 
Fig. 8. MEP map of BHMCf. 
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rings. The heteroatoms (nitrogen, oxygen, and sulphur) in the 

rings of all studied compounds show negative electrostatic 

potential indicating the site is susceptible to electrophilic 

attack. 

 

Thermochemical Analysis  
      Optimization of molecular interaction between the lead 

compound and the target receptor is a key part of drug design 

and discovery. Thermodynamic properties are important 

properties for the determination of the spontaneity of 

chemical reactions and stability of chemical reactions. Gibb’s 

free energy is an important thermodynamic parameter 

employed in describing the interaction between the ligand 

and the target receptor. It explains the chance of biomolecular 

events happening. The ligand-receptor binding interaction 

will not occur spontaneously if the free energy is positive. 

Negative free energy indicates that the interaction will be 

spontaneous and the higher the negative value, the more the 

spontaneity of the interaction [56]. Hence, the extent to which 

the ligands interact with 3FC2 is shown by the value of 

negative free energy while the binding enthalpy shows the 

energy change occurring during binding. Table 3 shows the 

enthalpy change and Gibb’s free energies of all the 

molecules. The negative values of Gibb’s free energy 

displayed by all molecules infer spontaneous binding with 

the receptor.  

 

Molecular Docking 
       Computer-aided drug design techniques are used for               

the design of small molecules with potential therapeutic 

activities. Molecular docking is often employed in structure- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

based-drug-design (SBDD) because of its potential to predict 

the conformation of the ligand within the pocket of the 

receptor and the prediction of ligand-receptor complex 

structure [57-58].  

       Human Serine/Threonin-Protein Kinase Receptor, (PDB 

ID; 3FC2), a crucial protein for mitosis, promotes mitotic 

entry by phosphorylating CDK1 and cyclin B1 and also 

causes mitotic exit by activating the cell cycle's Anaphase 

Promoting Complex (APC) [59]. By bypassing the G2M 

DNA damage and spindle checkpoints, overexpression of 

this protein (PLK1) encourages chromosomal diversity and 

aneuploidy [59]. Numerous malignancies have elevated 

PLK1 expression, and both in vitro and in vivo tumor growth 

can be inhibited by pharmacological inhibitors or shRNA 

[59-60]. All the compounds including the standard were 

docked at the target receptor’s active site. In a previous study, 

benzimidazole-carbonamide derivatives were tested for their 

inhibitory properties toward the MCF-7 cell using 

computational chemistry approaches [61]. Among the 

studied compounds, the lead compound showed excellent 

results with binding affinity of -9.350 kcal mol-1. Also, 

Oyeneyin et al. [24] investigated the anti-proliferative 

potential of heterocyclic amino-chalcone derivatives against 

MCF-7 breast cancer cell lines via computational chemistry 

methods, it was discovered that the tested compounds 

displayed good binding interaction with the target receptor. 

Furthermore, Tahlan et al. [62] investigated the anticancer 

potential of heterocyclic benzimidazole scaffolds against 

MCF-7 cell line using in-silico and in-vivo methods. The 

results showed good to moderate anticancer activity against 

the target cancer cell line. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Thermochemical Properties of the Compounds 

 

Compounds Molecular weight 

(amu) 

Electronic energy 

(au) 

Enthalpy 

(au) 

Gibb’s free energy 

(Hartree) 

BHMCa 327.44 -1649.55 -1649.27 -1649.33 

BHMCb 341.46 -1688.87 -1688.56 -1688.62 

BHMCc 342.94 -1704.90 -1704.60 -1704.66 

BHMCd 384.49 -1857.32 -1857.15 -1857.20 

BHMCe 357.46 -1764.07 -1763.76 -1763.81 

BHMCf 343.44 -1724.76 -1724.48 -1724.54 
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      The method provides the binding affinity of the ligands 

with the target receptor, and the interaction of the ligand with 

the target receptor, MM-GBSA as shown in Table 4. The 

results revealed that all the studied compounds displayed 

high binding affinity for MCF cell in the treatment of breast 

cancer. The more negative the binding energy, the better                      

the ligand. The binding energy are in order: BHMCf                              

(-8.469 kcal mol-1) > BHMCb (-8.208 kcal mol-1) > BHMCd 

(-8.142 kcal mol-1) > BHMCe (-8.059 kcal mol-1) > BHMCa 

(-6.799 kcal mol-1). BHMCf, the best compound, binds firmly 

within the pocket of the MCF cell while forming hydrogen 

bond interaction with ASP194, LYS82, CYS133, ARG136, 

LEU59, and pi-pi interaction with PHE183 amino acid. 

Similar interactions occur for all other compounds. This 

implies that all the compounds are capable of inhibiting the 

target receptor and also, all the compounds have better 

binding energy and interaction than the positive control, 

Volasertib (-6.598 kcal mol-1). All interactions are in                     

Figs. 9-15. 

      The ∆Gbind for PLK-ligand complexes was computed 

using the MM-GBSA [63]. Based on the MM-GBSA results, 

BHMCa, BHMCb, BHMCc, BHMCd, BHMCe, and 

BHMCf,  demonstrated  binding  energy  of  -68.24,  -87.09,               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-76.46, -90.42, -79.77 and -79.40 kcal mol-1 respectively. The 

other molecules bind better than BHMCa (-68.24)                           

kcal mol-1), but all the studied compounds are better than the 

standard drug, volasertib (-65.97). 

 

 

 
 

Fig. 9. BHMCa with 3FC2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. The Binding Affinity, MM-GBSA, H-bond and Hydrophobic Interaction of the Ligands 

  

Compound Binding energy 

(Kcal mol-1) 

MM-GBSA 

(Kcal mol-1) 

Residue involve in the 

interaction 

Type of interaction 

BHMCa -6.799 -68.24 ASP194, LYS82, CYS133, 

PHE183 

Hydrogen bond and 

pi-pi stacking 

BHMCb -8.208 -87.09 ASP194, LYS82, CYS133, 

PHE183 

Hydrogen bond and 

pi-pi stacking 

BHMCc -7.834 -76.46 ASP194, LYS82, CYS133, 

PHE183 

Hydrogen bond and 

pi-pi stacking 

BHMCd -8.142 -90.42 LYS82, ARG134, LEU59, 

CYS133 

Hydrogen bond and 

pi-pi stacking 

BHMCe -8.059 -79.77 ASP194, LYS82, CYS133, 

ARG136, PHE183 

Hydrogen bond and 

pi-pi stacking 

BHMCf -8.469 -79.47 ASP194, LYS82, CYS133, 

ARG136, LEU59, PHE183 

Hydrogen bond and 

pi-pi stacking 

Volasertib -6.598 -65.97 ARG 57, ARG 134 Hydrogen bond  
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Fig. 10. BHMCb with 3FC2. 

 

 
Fig. 11. BHMCc with 3FC2. 

 

 
Fig. 12. BHMCd with 3FC2. 

 

 

 
Fig. 13. BHMCe with 3FC2. 

 
Fig. 14. BHMCf with 3FC2. 

 

 
Fig. 15. Volasertib with 3FC2. 
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Drug-likeness Prediction 
      The drug-likeness of the studied compounds was 

examined using the swissADME web server. Lipinski’s rule 

of five is used to predict and evaluate the drug-likeness 

properties of a bioactive molecule. It determines the potential 

of a drug to be orally bioactive. According to the rule, an 

orally bioactive compound should have a hydrogen-bond 

donor, HBD ≤ 5, hydrogen-bond acceptor, HBA ≤ 10, 

molecular mass ≤ 500 Da, and octanol-water partition 

coefficient ≤ 5. Violation of more than one of these is not 

good. Table 5 shows the lipinkis’s properties computed for 

all the compounds. All the studied compounds conform to 

these rules which make them promising drugs for cancer 

treatment. BHMCa has a molecular weight of 327.44 amu, 

HBD of 3, HBA of 2, and iLOGP of 2.31 which all satisfies 

Lipinski’s rule, BHMCb showed a molecular weight of 

341.46 amu, HBD of 3, HBA of 2 and iLOGP of 2.47; it 

conforms to all the rule. 

      Furthermore, BHMCc showed MW of 342.45 amu, HBD 

of 3, HBA of 2, and iLOGP of 1.75; it satisfies all the rules 

and this also makes it a potential therapeutic molecule for 

cancer treatment. BHMCd with a molecular weight of           

384.48 amu, HBD of 4, HBA of 3, and iLOGP of 2.22 also 

showed no violation. BHMCe showed a molecular weight of 

357.46 amu, HBD of 3, HBA of 3, and iLOGP of 2.44; which 

also conforms to the rule. Also, BHMCe displayed molecular 

weight of 343.44 amu, HBD of 3, HBA of 3, and iLOGP of 

2.44. 

 

Pharmacokinetics Prediction 
      The pharmacokinetics prediction of the hit compounds 

was   carried out   using  admetSAR   to  estimate   how   the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

compounds are absorbed, distributed, metabolized, and 

eliminated, as well as their potential toxicity in the living 

system. Table 6 represents the pharmacokinetics result of the 

compounds as retrieved from the admetSAR server. From the 

result, BHMCd and BHMCf demonstrated low absorption in 

the intestine while BHMCa, BHMCb, BHMCc, and BHMCe 

displayed high intestinal absorption via the Caco-2 

Permeability, the high intestinal absorption rate may be 

attributed to their molecular size. All the screened 

compounds had a positive blood-brain barrier permeation 

while none of the compounds (BHMCa-BHMCf) were 

substrates and/or inhibitors of permeability P-glycoprotein 

(P-GB). The plasma binding protein represents a marker for 

measuring drug binding to proteins in the blood [64]. A drug's 

efficaciousness is largely defined by its binding rate. A 

decrease in plasma protein binding rate indicates better 

efficiency and ease of diffusion [65]. All the compounds 

demonstrated a high plasma binding protein which may 

affect their transport to the site of action where they exert 

their therapeutic potential. Only compound BHMCc was 

found primarily in the lysosome while others were in the 

mitochondria. 

      Drug metabolism is a significant property because it 

accounts for nearly 50% of drug excretion via Cytochrome 

P450 enzymes [66]. The therapeutic effects of a drug are 

highly dependent on metabolism [67]. The most extensively 

studied CYP450 enzymes, CYP1A2, CYP2C9, CYP2C19, 

CYP2D6, and CYP3A4/5, metabolize approximately 90% of 

all drug molecules [68-69]. Table 6 shows that all of the 

compounds are inhibitors of CYP1A2, with only BHMCa not 

an inhibitor of CYP2C19. BHMCa and BHMCb was not an 

inhibitor of CYP2C9. None of the compounds was a substrate  

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Drug-likeness Prediction Properties of the Screened Compounds  

 

Compounds Molecular 

weight 

H-bond 

acceptors 

H-bond 

donors 

TPSA iLOGP Lipinski 

violations 

BHMCa 327.43 2 3 136.48 2.31 0 

BHMCb 341.45 2 3 136.48 2.47 0 

BHMCc 342.44 2 4 162.5 1.75 0 

BHMCd 384.48 3 4 165.58 2.22 0 

BHMCe 357.45 3 3 145.71 2.44 0 

BHMCf 343.43 3 4 156.71 1.92 0 
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of CYP2C9 and CYP2D6 and at the same time, none was an 

inhibitor of CYP2D6. Compound BHMCa-BHMCf were not 

inhibitors of CYP3A4 while all the compounds except 

BHMCa and BMHCc were not a substrate of CYP3A4.  

      Because  of  toxicity,  many  drug candidates  fail before 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reaching clinical trials [70]. The toxicity of the compounds 

was determined by testing them for carcinogenicity, 

hepatotoxicity, human ether-a-go-go inhibition, and Ames 

mutagenesis. As seen in Table 6 all the compounds (BHMCa-

BHMCf) were found to be toxic in Ames' test, and none was  

 Table 6. Pharmacokinetics Parameters of the Compounds 

 

Parameters/Compounds BHMCa BHMCb BHMCc BHMCd BHMCe BHMCf 

Ames mutagenesis + + + + + + 

Acute oral toxicity (c) III III III III III III 

Blood-brain barrier + + + + + + 

Caco-2 + + + - + - 

Carcinogenicity - - - - - - 

CYP1A2 inhibition + + + + + + 

CYP2C19 inhibition - + + + + + 

CYP2C9 inhibition - - + + + + 

CYP2C9 substrate - - - - - - 

CYP2D6 inhibition - - - - - - 

CYP2D6 substrate - - - - - - 

CYP3A4 inhibition + + + + + + 

CYP3A4 substrate - + - + + + 

CYP inhibitory promiscuity + + + + + + 

Estrogen receptor binding + + + + + + 

Hepatotoxicity + + + + + + 

Human ether-a-go-go-

related gene inhibition 

- + - + + - 

Human intestinal 

absorption 

+ + + + + + 

Human oral bioavailability + + - - + - 

Mitochondrial toxicity + + + + + + 

Nephrotoxicity - - - - - - 

Acute oral toxicity 3.550884 3.226225 3.136393 2.878478 3.311134 2.935427 

P-glycoprotein inhibitior - - - - - - 

P-glycoprotein substrate - - - + - - 

Plasma protein binding 0.638416 0.709361 0.663032 0.484754 0.812094 0.6499 

Reproductive toxicity + + + + - - 

Respiratory toxicity + + + + + + 

skin sensitization - - - - - - 

Subcellular localization Mitochondria Mitochondria Lysosomes Mitochondria Mitochondria Mitochondria 

UGT catalyzed - - - - - + 

Water solubility -3.29463 -3.2238 -3.24863 -3.48643 -3.50073 -3.53397 
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found to be carcinogenic. Except for BHMCa, BHMCc, and 

BHMCf, all of the compounds were shown to inhibit human 

ether-a-go-go. All the compounds were shown to have no 

toxic effect on the kidney (nephrotoxic), while shown to be 

toxic to the liver (hepatotoxic). All of the compounds tested 

showed high acute oral toxicity and at the same time toxic to 

the mitochondrial. 

 
CONCLUSION 
 

      BMHCa and its derivatives were optimized using DFT 

calculations, and the HOMO energy, LUMO energy, Band 

gap energy, thermodynamics properties, and other reactivity 

descriptors were obtained. To probe further into their 

anticancer activities, all the compounds were docked with a 

human serine/threonine-protein kinase receptor, 3FC2. 

BHMCd showed the lowest bang gap energy, indicating the 

most reactive among the compounds. Also, molecular 

docking showed that all the compounds have stable 

interaction and higher binding energy with BHMCf showing 

the highest binding energy (-8.469 kcal mol-1). Furthermore, 

all the compounds satisfy the Lipinski rule and are, therefore, 

good therapeutic candidates. This work is purely in-silico, 

experimental/in-vivo investigation is desired to further 

validate the compounds in MCF breast cancer treatment. The 

compounds could be synthesized, tested against cancer cell 

lines and for further clinical investigations. 
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