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ABSTRACT: The aim of the research is to identify novel bioactive molecules to treat breast and lung cancer, 
specifically natural Withaferin A and its structural analogues, utilizing the most advanced and reliable in-silico drug 
design methodologies. At the starting point of this work, the biological pass prediction score was computed to 
identify the target protein. The probability of the active (Pa) score is superior in antineoplastic agents (Pa: 0.916–
0.942) compared to antifungal (Pa: 0.474–0.795) and antibacterial agents (Pa: 0.260–0.598). Consequently, 
oncogenic proteins associated with breast and lung cancer were identified, and the in-silico analysis proceeded. The 
docking scores of investigational medicines ranged from -7.3 to -7.8 kcal/mol for breast cancer-targeted protein PDB: 
2W96 and from -7.4 to -8.4 kcal/mol for PDB: 4DNL. Conversely, the docking scores for regular palbociclib and 
tamoxifen were -7.8 kcal/mol and -8.4 kcal/mol, respectively. The docking scores of investigational drugs ranged 
from -7.6 to -9.2 kcal/mol for lung cancer-targeted protein PDB: 2IVS and from -8.5 to -9.8 kcal/mol for PDB: 3L9P. 
The docking scores for conventional Pralsetinib and Crizotinib were -9.4 kcal/mol and -8.9 kcal/mol, respectively. 
The docking score is critically significant, indicating that Withaferin A derivatives have superior docking scores to 
conventional chemotherapeutic drugs for breast and lung cancer. This experiment successfully assessed drug-
likeness, ADME, and toxicity prediction, revealing that all compounds exhibited excellent human intestinal 
absorption, moderate solubility in aqueous medium, and were utterly free of hepatotoxicity and skin sensitization. 
Consequently, based on computational analysis, we believe that natural Withaferin A derivatives may serve as 
superior inhibitors in treating breast and lung cancer, warranting further experimental research. 
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INTRODUCTION 
 Cancer constitutes a significant global public 
health issue and ranks as the second leading cause of 
mortality following ischemic heart diseases 
worldwide.1 The global burden of cancer is swiftly 
increasing as a result of continuous demographic and 
epidemiological transitions.2 In 2022, around 20 
million new cancer cases and 9.7 million cancer-
related fatalities were reported. 
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 Breast cancer and lung cancer were the most 
widespread cancers among women and men, 
respectively, in terms of both incidence and 
mortality.3 The prevalence of breast cancer and lung 
cancer is rising in affluent nations, and this burden is 
significantly transferring to at-risk populations in 
developing countries.4 While effective therapeutics 
for cancer remain elusive, various unconventional 
treatments such as radiotherapy, surgery, 
chemotherapy, alongside advanced technologies 
including gene therapy, stem cell therapy, natural 
antioxidants, targeted therapy and nanoparticles, are 

mailto:jakir@du.ac.bd
https://doi.org/10.3329/dujps.v24i1.82415


106 Uddin et al. 

currently employed for the diagnosis and treatment of 
cancer.5 The exploration of anticancer compounds 
from natural sources originates around 1550 BC. The 
scientific investigation of this subject is relatively 
recent, originating in the 1950s with the development 
of predominantly plant-derived anticancer drugs, 
such as alkaloid analogues.6 Natural products have 
traditionally played a crucial role in drug discovery 
due to their unique biocompatibility, novel structural 
frameworks, and diverse pharmacological 
characteristics.7-11 Many anti-cancer pharmaceuticals 
are naturally occurring chemicals or synthetically 
produced derivatives of natural substances.12 
Nevertheless, chemotherapeutic agents often include 
detrimental side effects. Studies have demonstrated 
that natural and synthetic compounds exhibit various 
anticarcinogenic properties, such as inducing 
apoptosis in breast and lung cancer cells, inhibiting 
metastasis, and suppressing cellular proliferation.13,14 
 Withaferin A (WA) is a significant withanolide 
that has established a prominent position in research 
due to its multifaceted biological features. It 
possesses anticancer, antioxidant, antifungal, 
antibacterial, hepatoprotective, hepatic disease 
therapy, and immunosuppressive properties.15 It is 
prevalent in the plant Withania somnifera Dunal, a 
significant medicinal plant used in Ayurvedic and 
indigenous medicine for millennia. Withaferin A is a 
28-carbon withanolide with an ergostane framework 
and a δ-lactone structure.16 The qualitative structure-
activity relationship (QSAR) indicates that it 
possesses two hydrogen bond donors and six 
hydrogen bond acceptors, which contribute to its high 
reactivity. 
 This computational study examines Withaferin A 
and its derivatives to evaluate their potential as 
treatments for breast and lung cancer. It aims to 
facilitate further development and the identification 
of new therapeutic agents. This strategy increases the 
chances of discovering effective therapies by 
identifying the most promising biomolecules early, 
hence mitigating expensive wet-laboratory failures. 
 

COMPUTATIONAL METHOD AND 
WORKING PROCEDURE 
 Pass prediction. Pass prediction comprises the 
initial phase of evaluating the efficacy of a bioactive 
compound. The probabilities of being active (Pa) and 
inactive (Pi) are delineated. The likelihood of success 
rises as Pa increases and Pi falls; however, Pa and Pi 
will never be identical or equivalent. Pa and Pi grades 
can range from 0.00 to 1.00, with both Pa and Pi 
required to be less than 1.  This method enables the 
differentiation of active compounds by screening 
pass prediction values, hence minimizing the time 
and expense associated with novel medication 
development. These novel chemical features should 
be expected in the early phases to ensure a 
comprehensive understanding of a particular 
molecule's efficacy.17-20 Initially, pass prediction 
scores of five variants Withaferin A were gathered, 
along with its derivatives. Subsequently, we selected 
the four most potent compounds for further 
examination based on their maximal anticancer 
efficacy. The pass prediction data was obtained from 
the PASS website, http://www.way2drug.com/ 
passonline/. Only the Pa values for Withaferin A and 
its derivatives have been compiled upon logging into 
the PASS online platform.  (Table 1).  
 ADMET, drug-likeness and lipinski rule. The 
comprehensive pharmacokinetic parameters of 
Withaferin A and its derivatives were acquired from 
pkCSM (https://biosig.lab.uq.edu.au/deeppk/data) 
and SwissADME (http://www.swissadme.ch/ 
index.php). The pkCSM was utilized to forecast 
pharmacokinetics, hence enhancing confidence in the 
reduced chance of novel drug compounds failing 
during clinical trials and increasing their likelihood of 
advancing as viable therapeutic candidates.21-24 This 
section highlights human intestinal absorption, 
distribution, metabolism, excretion, water solubility, 
bioavailability, skin sensitivity, hepatotoxicity, 
carcinogenicity, and drug similarity. The Lipinski 
rule and drug similarity are crucial for formulating 
oral pharmaceuticals.25 The optimized molecules 
were ultimately saved in pdb format for later 
computer research, including molecular docking. 

http://www.way2drug.com/
https://biosig.lab.uq.edu.au/deeppk/data)
http://www.swissadme.ch/
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This study indicates that Withaferin A and its 
analogues are potential therapeutic candidates for 
lung and breast cancer. 
 Ligand preparation and optimization. The 
preparation of ligands is a crucial element of 
molecular docking investigations. This necessitates 
the reorganization of atoms within the molecule until 
the configuration with the lowest ground-state energy 
is identified.26 This step is crucial as molecular 
docking and molecular dynamics (MD) simulations 
require ligands with precise geometries27. Initially, 
we obtained the chemical structures of Withaferin A 
and its analogues from the PubChem database in SDF 
format (Figure 1).28 The configuration of each ligand 
was optimized at the B3LYP/6-31G level using 
density functional theory (DFT) in Gaussian 09.29 
Following optimization, we assessed the electronic 
properties, including the energy gap, hardness, 
softness, and the energies of the border orbitals—the 

highest occupied molecular orbital (HOMO) and the 
lowest unoccupied molecular orbital (LUMO). These 
features demonstrate the chemical reactivity 
properties of the compounds. 
 Target protein preparation, ligands 
preparation and method of molecular docking. 
Molecular docking is a highly effective and pertinent 
method for assessing interactions of drug with 
proteins. Consequently, before the docking analysis, 
new protein must be prepared. The selection of 
proteins was based on commercially available lung 
and breast cancer drugs, targeting human proteins 
that interact with these drugs. Two proteins 
associated with breast cancer and two linked with 
lung cancer (PDB: 2W96, PDB: 4DNL, PDB: 2IVS, 
PDB: 3L9P) were selected. The three-dimensional 
proteins crystal structures were obtained from online 
sites (PDB or protein databank https://www.rcsb. 
org/) and are illustrated in Figure 2.30  

 

   
Ligand 01 

(PubChem CID 265237) 
Ligand 02 

(PubChem CID 165541) 
Ligand 03 

(PubChem CID 15411208) 
   

  
Ligand 04 

(PubChem CID 145976912) 
Ligand 05 

(PubChem CID 163196504) 

Figure 1. Chemical structure of Withaferin-A (Ligand 01) and its derivatives (Ligands 02 to 05) 

https://www.rcsb.


108 Uddin et al. 

 

Figure 2. Three-dimensional targeted protein structures 
 
 BIOVIA Discovery Studio 2021 was used to 
purify these proteins by eliminating all heteroatoms 
and water molecules, with the data then saved in 
PDB format. Energy minimization for these proteins 
was subsequently conducted using the Swiss 
PdbViewer 4.1.0 software, thereby preparing the 
proteins for molecular docking.31 
 For molecular docking, firstly, the purified and 
energy-optimized protein was uploaded into PyRx 
software and transformed into a macromolecule.32 
Then, sequentially, the energy-minimized ligands 
(Ligand 01-05) and conventional drugs (Palbociclib, 
Tamoxifen, Pralsetinib, Crizotinib) were uploaded in 
PDB format through Gabedit software. Finally, the 
binding affinity (kcal/mol) with Withaferin A, its 
derivatives, and conventional drugs with respect to 
the diseases was recorded and analyzed. 

 
RESULTS AND DISCUSSION 
 Structure-activity relationship and optimized 
structure of ligand. It is possible to predict the 
necessary biological activity derived from the 
molecular structure utilizing the structure-activity 
relationship (SAR). There is a correlation between 
pharmaceuticals and chemical design. This advanced 
technology is applied in drug development to 
facilitate the discovery or manufacture of novel 
molecules and to enhance the characterization of 
existing medicinal substances. In the studies we 
conducted, Withaferin A served as the principal 
molecule. We substituted various powerful functional 
groups at different positions of Withaferin-A to 
evaluate its efficacy in response to breast and lung 
carcinoma. The molecular configuration is illustrated 
in figure 2.  
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 Geometry optimization is accomplished by 
altering the atomic arrangement of a molecule to 
acquire the best stable conformation with the lowest 
possible ground-state energy.33 This approach is 
predominantly utilized in computational chemistry. 

Before performing molecular docking, it is essential 
to optimize all tested ligands to obtain accurate 
results. Figure 3 illustrates and displays the optimized 
chemical structures. 

 

 

Optimized Ligand 01 Optimized Ligand 02 Optimized Ligand 03 

  
Optimized Ligand 04 Optimized Ligand 05 

Figure 3. Optimized structure of Withaferin-A (Ligand 01) and its structural analogues (Ligands 02 to 05). 

 

 Pass prediction. The online tool PASS 
(Prediction of Activity Spectra for Compounds; 
http://www.pharmaexpert.ru/PASSonline/) was 
utilized to obtain data regarding the cytostatic, breast 
cancer, colon cancer, lung cancer, colorectal cancer 
and antineoplastic efficacy of the compounds derived 
from SAR research. The collecting of pass spectrum 
data, with Pa scores ranging from 0.916 to 0.942 for 
antineoplastic, 0.256 to 0.948 for cytostatic, 0.645 to 
0.722 for breast cancer, 0.520 to 0.672 for lung 
cancer, 0.595 to 0.672 for colorectal cancer and 0.478 
to 0.594 for colon cancer were analyzed. The 
likelihood of exhibiting pharmacological activity or a 
higher Pa score for anticarcinogenic agents is 
presented here. Therefore, the diseases of lung cancer 
as well as breast cancers have been chosen as 
targeted diseases, and additional related 
investigations were conducted (Table 1). 

 Lipinski rule, pharmacokinetics and drug 
likeness. Drug-likeness is a qualitative characteristic 
utilized in drug design to evaluate the degree to 
which a substance demonstrates "drug-like" 
properties, particularly concerning variables such as 
bioavailability. Pharmacokinetics is the examination 
of how an organism influences a medicine. In 1997, 
Christopher A. Lipinski established the drug-likeness 
prediction model, which assesses whether a chemical 
molecule demonstrating particular pharmacological 
or biological activity has the chemical and physical 
qualities conducive to human oral bioavailability. 
Drug-likeness methodologies and Lipinski’s Rule of 
Five (which specifies that a molecule must possess a 
molecular weight below 500 Daltons, no more than 
10 hydrogen bond acceptors, a maximum number of 
5 hydrogen bond donors, and an octanol-water 
partition coefficient log P not surpassing 5) facilitate 

http://www.pharmaexpert.ru/PASSonline/)
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the prediction of pharmacokinetic parameters derived 
from the compound's structure. These attributes are 
essential in drug discovery and assist in defining the 
drug-like properties of the ligands.25 Ligand structure 
files were uploaded to the SwissADME website to 
get the properties and evaluations of the Lipinski 
rules.  The identified chemicals meet this 
requirement.34  
 The molecular weights of Withaferin A (L01) 
and its derivatives (L02-L05) ranged from 468.60 to 

498.60. The hydrogen bond donor was 0-2, the 
hydrogen bond acceptor was 06, and the octanol–
water partition coefficient log P was 3.42-4.28. 
Therefore, Withaferin A and all of the selected 
derivatives in the current study adhere to Lipinski’s 
rule of five. As illustrated in table 3, the 
pharmacological characteristics of all the ligands 
exhibit positive effects. 

 
Table 1.  Biological pass prediction score of Withaferin-A and its derivatives 
 

Ligand 
no. 

PubChem CID Antineoplastic Cytostatic Lung cancer Breast 
cancer 

Colon 
cancer 

Colorectal 
cancer 

Pa Pa Pa Pa Pa Pa 

L01 265237 0.916 0.256 0.552 0.722 0.508 0.511 

L02 165541 0.942 0.905 0.588 0.704 0.594 0.595 
L03 15411208 0.929 0.920 0.587 0.665 0.481 0.485 
L04 145976912 0.919 0.948 0.520 0.686 0.478 0.481 

L05 163196504 0.937 0.916 0.672 0.645 0.521 0.522 
 
Table 2.  Lipinski rule data, pharmacokinetics and evaluation of drug likeness  
 

Ligand 
No. 

Molecular 
weight 

(g/ mol) 

Rotatable 
bonds 

Hydrogen 
bond donor 

Hydrogen 
bond 

acceptor 

Molar 
refractivity 

Consensus 
log po/w 

Drug likeness 
(lipinski rule) 

       Result Violation 

L01 470.60 3 2 6 127.49 3.42 Yes 0 

L02 468.60 3 1 6 126.53 3.65 Yes 0 

L03 472.60 3 2 6 127.96 3.60 Yes 0 

L04 484.62 4 1 6 132.22 3.85 Yes 0 

L05 498.60 5 0 6 136.95 4.28 Yes 0 

 

 Thermodynamic analysis. Thermochemical 
calculations help predict reaction kinetics and 
chemical stability. Primarily, free energy and 
enthalpy pertain to the absorption or release of 
energy during a chemical process and the chemical 
stability of a molecule.35 The free energy value is 
crucial in investigating binding potential with other 
compounds, as both the sign and magnitude exhibit 
distinctive properties of a compound. The negative 
sign indicates spontaneous binding, while the high 
value suggests greater availability of bonds. All 
molecules' free energy and enthalpy values are 

negative (Table 3). External energy is not required 
for bindings.  
 The highly electronegative molecule (oxygen) is 
present in all analogues of Withaferin A and 
Withaferin A. The thermodynamic properties of 
Withaferin A and its analogues are characterized by 
elevated energy values (internal and free energy) and 
negative enthalpy values. The enthalpy values ranged 
from -1538.854 Hartree to -1618.561 Hartree. The 
dipole moment is crucial for characterizing a 
molecule’s electronic properties. A high dipole 
moment value of a molecule enhances intermolecular 
interactions. A high dipole moment indicates a more 
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excellent polar character.36,37 Withaferin A and its 
derivatives exhibit a significantly high dipole 
moment, indicating a significant binding affinity of 

the molecule, the formation of hydrogen bonds and 
non-covalent interactions in the drug-receptor 
complex.38 (Table 3).  

 
Table 3. Molecular formula, molecular weight, energies and dipole moment of Withaferin A and its analogues. 
 

Ligand 
no. 

PubChem 
CID 

Molecular 
Formula 

Molecular 
weight 

Internal energy 
(Hartree) 

Enthalpy 
(Hartree) 

Free energy 
(Hartree) 

Dipole moment 
(Debye) 

L01 265237 C28H38O6 470.60 -1540.035 -1540.034 -1540.129 7.172 

L02 165541 C28H36O6 468.60 -1538.85 -1538.854 -1538.949 4.991 

L03 15411208 C28H40O6 472.60 -1541.234 -1541.233 -1541.329 8.249 

L04 145976912 C29H40O6 484.62 -1579.301 -1579.300 -1579.399 7.317 

L05 163196504 C30H42O6 498.60 -1618.562 -1618.561 -1618.664 8.246 
 

 Frontier molecular orbitals and quantum 
calculation (HOMO-LUMO). All five ligands were 
examined to reveal the computed values of HOMO 
and LUMO: energy gap, hardness and softness for all 
compounds (Table 4). The values were calculated via 
the DFT/B3LYP method with a 6-31G basis set. The 
energies calculated from HOMO-LUMO are critical 
determinants of molecular chemical reactivity, as 
elucidated by frontier molecular orbital theory 
principles. The gap from HOMO-LUMO is 
correlated with each molecule's chemical hardness, 
softness, chemical potential and electrophilic index. 
A more significant energy gap between the HOMO 
and LUMO enhances kinetic stability and diminishes 
chemical reactivity in a molecule. On the contrary, a 
narrow HOMO-LUMO gap indicates reduced 
chemical stability.  It facilitates the efficient flow of 
electrons between a high LUMO and a depressed 
HOMO in chemical processes.39,40 The analysis 
demonstrated that the compound CID: 165541 
showed the most negligible energy gap (ΔE) relative 
to the remaining compounds. The findings indicate a 
higher level of chemical reactivity and significant 

intramolecular charge transfer between an electron-
donating group and an electron-accepting group. The 
gaps found from HOMO-LUMO calculation range 
from 3.946 eV to 5.361 eV (Table 4).  Furthermore, 
table 5 presents numeric values for the softness 
criterion. The elements exhibiting greater softness 
values are characterized by more fast degradation. 
Thus, they take considerably a lesser amount of time 
to modify their arrangement of electron 
configuration. Contrarywise, hardness is a critical 
characteristic of a molecule. Typically, substances 
with elevated hardness ratings demonstrate increased 
resistance to alterations in their electron 
configuration. The values of hardness and softness 
are inversely correlated. The hardness values are 
considerably higher than the softness values for all 
compounds except the CID: 165541 compounds. 
Compounds CID: 165541 exhibit comparatively 
elevated softness values. This indicates that their 
decomposition may transpire swiftly compared to 
other chemicals. Figure 4 illustrates the HOMO-
LUMO diagram. 

 
Table 4. Energy (eV) of HOMO-LUMO, gap, hardness (η), softness (S), chemical potential (μ), electronegativity (χ), and 

electrophilicity (ω) of Withaferin A and its analogues. 
 

Ligand 
No. 

PubChem 
CID 

eHOMO 
(eV) 

eLUMO 
(eV) Gap hardness 

(η) 
softness 

(S) 
chemical 

potential (μ) 
electronegativi

ty (χ) 
electrophilici

ty (ω) 

L01 265237 -6.857 -2.014 4.844 2.422 0.413 -4.435 4.435 4.062 

L02 165541 -7.048 -3.102 3.946 1.973 0.507 -5.075 5.075 6.527 

L03 15411208 -6.912 -1.551 5.361 2.680 0.373 -4.231 4.231 3.340 

L04 145976912 -6.803 -2.014 4.789 2.395 0.418 -4.408 4.408 4.058 

L05 163196504 -6.694 -1.959 4.735 2.367 0.422 -4.327 4.327 3.954 
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Figure 4. HOMO-LUMO and energy gap diagram 

 

 Molecular electrostatic potential (MEP) 
charge distribution map. The molecular 
electrostatic potential (MEP) map illustrates the 
cumulative charge of electrons and nuclei, providing 
insight into the characteristics of electronegativity, 
partial charge dipole moment and molecular 

reactivity.41,42 It offers perspectives into the 
electrophilic and nucleophilic domains of molecules 
by examining the potential energy distribution 
generated by the electrons and nuclei of the molecule. 
MEP functions as a static distribution of potential and 
assists in delineating and forecasting the functional 
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behavior of a chemical. Electrostatic potentials have 
been essential in exploring various phenomena in 
biological, physical, and associated disciplines. 
Figure 5 depicts the dynamically computed MEP 
values for compounds (1-5) of Withaferin A and its 
derivatives, anticipated via the DFT approach. In this 
depiction, the red hue signifies the lowest intensity of 
electrostatic potential energy, denoting the most 
pronounced negative region and the site most 

vulnerable to electrophilic assaults. Contrarywise, the 
blue zone in the MEP denotes the peak value of the 
potential electrical charge, suggesting both the 
maximal positive region and a site conducive to 
nucleophilic substitution, as illustrated in figure 5. 
The MEP map indicates that the oxygen atom 
exhibits the biggest negative potential, whereas the 
hydrogen atom displays the highest positive potential.  

 

 
 

Figure 5. Molecular electrostatic potential map of Withaferin A analogues Molecular docking against targeted protein 
 
 Molecular docking and interaction analysis. 
Docking is considered one of the most promising 
methodologies in computer-aided drug design.43 This 
method forecasts the optimal orientation of a 
chemical when it binds to a protein with ligands to 
establish a stable complex.44 Docking may potentially 
reveal the binding of a small molecule ligand to the 
relevant target region during the formation of 
complex of drug and protein.45 The drug is 
considered as a standard medicine when the 
molecular docking score is above -6.000 kcal/mol.22 

Molecular docking tests were utilized to validate the 
pharmacological properties and potential binding 
affinities of compounds 1-5 for proteins associated 
with breast and lung cancer. The conventional 
medications palbociclib and tamoxifen for breast 
cancer and pralsetinib and crizotinib for lung cancer 
were examined for binding affinity using docking 
studies and compared with Withaferin A and its 
derivatives. Our analysis revealed significant 
affinities of the experimental candidates for the 
targeted protein compared to conventional medicines. 
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The designated proteins for breast cancer were PDB: 
2W96 and PDB: 4DNL, whereas those for lung 
cancer were PDB: 2IVS and PDB: 3L9P. Protein 
selection was predicated on the standard medication 
and its functional protein.  
 The binding affinities of Withaferin A and its 
derivative with the breast cancer-targeted protein 
PDB: 2W96 ranged from -7.3 to -7.8 kcal/mol, with a 
maximum binding score of -7.8 kcal/mol achieved 
for ligand 01. The binding affinity of the standard 
drug Palbociclib with the same protein PDB: 2W96 
was -7.7 kcal/mol. A different protein associated with 
breast cancer was examined, revealing that the 
binding affinities of potential compounds ranged 
from -7.4 to -8.4 kcal/mol, significantly surpassing 
the binding affinity of that protein with the 
conventional medication tamoxifen, which was -5.9 

kcal/mol. The optimal binding affinity was -8.4 
kcal/mol, exhibited by ligand 02. 
 The binding affinity range of prospective 
therapeutic compounds with the lung cancer-targeted 
proteins PDB: 2IVS and PDB: 3L9P was -7.6 to -9.2 
kcal/mol and -8.5 to -9.8 kcal/mol, respectively. The 
binding affinities for the conventional medicines 
Pralsetinib and Crizotinib were -9.4 kcal/mol and -8.9 
kcal/mol, respectively. In both cases, ligand 02 
exhibited significant binding affinity with the 
proteins targeted for cancer, with the highest affinity 
observed for 3L9P. This indicated that these 
bioactive compounds may be effective anticancer 
agents for lung and breast cancer. In all four proteins 
of breast and lung cancer, the newly created 
biomolecules exhibit superior and promising efficacy 
(Table 5). 

 
Table 5. Binding affinity of candidate and standard drug against the targeted protein for breast and lung cancer  
 

Ligand No./drug PubChem CID Binding affinity (kcal/mol) 

Targeted protein for 
breast cancer 

Targeted protein for 
lung cancer 

  PDB: 2W96 PDB: 4DNL PDB: 2IVS PDB: 3L9P 

Candidate Drug 

L01 265237 -7.8 -7.6 -8.4 -9.0 

L02 165541 -7.7 -8.4 -9.2 -9.8 
L03 15411208 -7.7 -7.4 -8.1 -8.5 

L04 145976912 -7.3 -7.5 -8.5 -9.4 

L05 163196504 -7.5 -7.5 -7.6 -8.5 

Existing standard drug  

Palbociclib 5330286 -7.7 --- --- --- 

Tamoxifen 2733526 --- -5.9 --- --- 

Pralsetinib 129073603 --- --- -9.4 --- 

Crizotinib 11626560 --- --- --- -8.9 

 

 Interactions of ligands-proteins and analysis 
of the active site. The BIOVIA Discovery Studio 
Visualizer was employed to examine the molecular 
interactions between the chemicals and the 
macromolecules. For clarity, each protein-specific 
standard drug complex and candidate ligand-protein 
was chosen according to the highest binding affinity 
to the corresponding protein receptors. Subsequently, 
we conducted a comprehensive screening of the five 

experimental ligand-protein complexes alongside the 
four-standard drug-protein complexes to identify and 
assess their active amino acid residues and binding 
sites. 
 In the breast target protein (PDB: 2W96)-ligand 
01 binding complex, the active amino acids identified 
were GLU A: 70 and LYS A: 72. Conversely, the 
conventional drug Palbociclib formed four 
connections with the protein at THR A: 184, GLU A: 
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75, SER A: 258, and PHE A: 78 (Figure 6). Another 
target protein (PDB: 4DNL) for breast cancer has 
been complexed with Ligand 02, with three active 
binding sites: ASP A: 254, PRO A: 188, ARG A: 
216. The binding affinity of the standard medicine 
tamoxifen is -5.9 kcal/mol, which is much lower 
compared to the investigational molecule ligand 02, 
with a binding affinity of -8.4 kcal/mol, as illustrated 

in the 2D representation of the complex. In the 
protein-drug complex, four bonds were established: 
LYS A: 230, LEU A: 200, one alkyl bond at LYS A: 
232, and one pi-carbon bond at LYS A: 232. The 
bond lengths were longer in the investigational drug 
complex, and the absence of strong hydrogen bonds 
supported the lower binding affinity of standard drug 
(Figure 7). 

 

 
Figure 6. Comparative molecular docking poses of breast cancer targeted protein (4DNL) with ligand 01 (265237) and standard drug 

Palbociclib 

 
Figure 7. Comparative molecular docking poses of breast cancer targeted protein (4DNL) with ligand 02 (165541) and standard drug 

tamoxifen 
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 In the instance of the ligand 02-lung cancer 
targeted protein (2IVS), a binding site comprising 
nine (9) amino acids is produced with varying 
binding lengths. Conversely, the current medicine 
Pralsetinib binds to the proteins via only three amino 
acids: ASP A: 771, ASP A: 898, and ASN A: 777 
(Figure 8). The standard treatment, Crizotinib, and its 

lung cancer-targeted protein (3L9P) were examined, 
revealing that in complex with ligand 02, ten distinct 
types of bonds with amino acids were formed. In 
contrast, in complex with the standard, only one 
specific amino acid binding site was produced 
(Figure 9). 

 

 
Figure 8. Comparative molecular docking poses of lung cancer targeted protein (2IVS) with Ligand 02 (165541) and standard drug 

Pralsetinib. 
 

 
Figure 9. Comparative molecular docking poses of lung cancer targeted protein (3L9P) with Ligand 02 (165541) and standard drug 

Crizotinib. 
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 Computational ADME data prediction. 
Computational ADMET (Absorption, distribution, 
metabolism, excretion, and toxicity) data prediction 
plays an essential role in pharmaceutical 
development. A significant proportion of medicines 
fail clinical trials due to inadequate ADMET 
characteristics. The pkCSM web server was utilized 
to forecast the ADMET profiles of our chosen 
chemicals (Table 2).   
 We emphasized the primary absorption 
characteristics: 'water solubility' and 'absorption in 
the human gut.' Solubility is quantified using the Log 
S scale: insoluble: <−10; poor: <−6; moderate: <−4; 
soluble: <−2; and very high: <0. 24,46,47 Most 
compounds demonstrated moderate water 
solubility with Log S values below −6. The results 
indicated that the aqueous solubility varies from 
−5.063 to −5.716, suggesting they are moderately 
soluble. Furthermore, all potential drug candidates 
exhibit an excellent absorption rate within the human 
gastrointestinal tract. A range of values represents it 

from 85.345% to 100.000%. In addition, all 
molecules showed outstanding absorption rates, with 
compound CID: 145976912 and compound CID: 
163196504 being the most promising at 98.002% 
100%, respectively. 
 The drug's distribution within the body is crucial 
to measuring its transfer from the bloodstream to the 
tissues.48 The volume of distribution (VDss) values 
less than −0.15 signify inadequate distribution. 
Values beyond 0.45 signify a greater distribution.48 In 
our investigation, certain chemicals exhibited 
intermediate VDss values, whilst others displayed 
low VDss values ranging from -0.131 to -0.035. 
We examined the metabolic characteristics of the 
substances. In this context, the isoforms of 
cytochrome P450, specifically CYP450 1A2 and 
CYP2C9 substrates, are considered. These enzymes 
are crucial for the metabolism of drugs.49,50 Since 
almost all candidates show excellent absorption, no 
drugs were predictively capable of inhibiting 
CYP450 1A2 and CYP2C9.  

 
Table 6. Summary of ADME data for selected Withaferin A derivatives 
 

Ligand no. 

Absorption Distribution Metabolism Excretion Toxicity 

W
ater solubility 

Log S 

C
aco-2 

perm
eability 

(10
–6 cm

/s) 

H
um

an Intestinal 
A

bsorption (%
) 

V
D

ss (log L/kg) 

B
B

B
 Perm

eability 
(log B

B
) 

C
Y

P450 1A
2 

Inhibitor 

C
Y

P450 2C
9 

Inhibitor 

Total C
learance 

(m
l/m

in/kg) 

R
enal O

C
T2 

substrate 

M
ax. tolerated dose 
(log m

g/kg/day) 

Skin 
Sensitization 

H
epatotoxicity 

L01 -5.063 0.829 85.345 -0.131 -0.03 No No 0.435 Yes -0.695 No No 

L02 -5.21 0.873 90.629 -0.103 -0.353 No No 0.338 Yes -0.568 No No 

L03 -5.132 0.82 86.198 -0.126 -0.031 No No 0.449 Yes -0.696 No No 

L04 -5.42 0.862 98.022 -0.031 -0.427 No No 0.434 No -0.515 No No 

L05 -5.716 0.856 100.00
0 -0.035 -0.499 

-0.499 No No 0.458 No -0.367 No No 

 

 Total clearance and renal OCT2 substrate are 
critical parameters for a drug's excretion profile.51 It 
serves to forecast the maximum dosage of drug a 
patient may administer during a specified 
timeframe.52,53 The total clearance rates are found 
from 0.338 to 0.458 log mg/kg/day, of which the 

maximum value of 0.458 log mg/kg/day of the drug 
can be cleared from the body, and the minimum 
value is 0.338 log mg/kg/day. Finally, ligand 01-03 
can be eliminated via the renal OCT2 substrate, 
whereas ligand 04 and ligand 05 cannot be excreted. 
(Table 2).  
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 Finally, the maximum tolerated dose (MTD) was 
analyzed. It is used to forecast the maximum amount 
of medicine a patient can take in a given period.52,53 
In this study, all the compounds showed negative 
values (in terms of log mg/kg/day) that were clearly 
less than 0.477, indicating minimal toxicity. 
 
CONCLUSIONS 
 This research has enhanced and strengthened 
Withaferin A and its derivatives as novel 
pharmacological agents for anti-breast cancer and 
anti-lung cancer applications by computer-aided 
procedures, employing various computational 
techniques against the specific target proteins 
associated with the diseases.  
 A thorough analysis demonstrates that 
Withaferin A and its four derivative compounds 
exhibit substantial inhibitory effects due to their 
binding affinities. Ligand 01 exhibited the highest 
binding affinity score for the breast cancer-targeted 
protein PDB: 2W96, measured at -7.8 kcal/mol, 
surpassing the affinity of the standard medication. 
Conversely, ligand 02 exhibited a binding affinity of 
-8.4 kcal/mol for the breast cancer-targeted protein 
PDB: 4DNL, which was much superior to the 
traditional medication tamoxifen. In contrast to lung 
cancer, ligand 02 had the highest affinity scores of -
9.2 and -9.8 kcal/mol for the targeted proteins PDB: 
2IVS and PDB: 3L9P, respectively. 
 Furthermore, the drug-likeness of all substances 
is broadly acknowledged. Therefore, the 
pharmaceutical research and application process may 
be directed by forecasting the in-silico modeling of 
ADMET characteristics for safe drugs. Additionally, 
it achieved an enhanced ADMET profile for all 
compounds, exhibiting low toxicity and moderate 
solubility; nearly all candidate medications 
demonstrate exceptional intestinal absorption and the 
ability to pass through the blood-brain barrier, with 
minimal metabolism by CYP450 1A2 and CYP450 
2C9 inhibitors. The lower renal clearance of the 
proposed medications indicates prolonged anti-cancer 
action without requiring frequent administration. 
Furthermore, the absence of adverse reactions related 

to skin sensitization and hepatotoxicity supports the 
safety of patient use.  
 This study suggests that Withaferin A and its 
derivatives demonstrate promising computational 
efficacy as breast and lung cancer treatments. This 
computational study provides valuable results 
regarding the proteins associated with breast and lung 
cancer. It is recommended that additional 
experimental investigations be performed to assess 
the actual effectiveness on a larger scale. 
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