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Abstract 

Drug resistance and lack of specificity of currently available chemotherapeutics for cancer cells contribute 

to the failure of cancer chemotherapy. This highlights the pressing need to develop novel anticancer agents. 

This research aims to investigate the inhibiting potential of Carbazole and rhodanine derivatives against 

Human papillomaviruses (HPVs) and Breakpoint Cluster Region (BCR), with Abelson murine leukemia 

(ABL) tyrosine kinase to manage human cervical cancer and human chronic myeloid leukemia (CML), 

respectively. Some carbazole-rhodanine hybrids were evaluated in silico against human cervical cancer 

(Hela) and human CML (K562) cells. In this study, Molecular docking was used to determine binding 

affinity, bonding, and nonbonding interaction between the studied compounds and the target. Additionally, 

in-silico ADMET (adsorption, distribution, metabolism, excretion, and toxicity) screening was performed 

to explore the bioavailability, pharmacokinetic properties, and toxicity of the carbazole-rhodanine hybrids.  

The structure of the compounds was also discussed relative to their bioactivity. The molecular docking 

revealed that the test compounds except D, E, and L demonstrated better binding affinity, hence better 

inhibition efficiency towards Hela and K562 cell lines than the reference drug (etoposide). Compound G 

with a cyano substituent showed the highest binding affinity with the two receptors used, with a binding 

energy of -7.9 kcal mol-1 against hela (6HKS) and -10.0 against K562 (5HU9). This was in accordance with 

the experimental result. The SAR illustrated that a strong electron-withdrawing substituent attached to the 

para-position of the phenyl ring increased the activity. The ADMET profiling showed that compounds E, 

G, and J had superior drug-likeness, pharmacokinetic, and toxicity properties. Based on the results, 

compound G may be a good candidate to be developed further into a therapeutic agent to treat chronic 

myeloid leukemia and cervical cancer. 
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Introduction 

Cancer, a leading global cause of death, involves 

unchecked cell growth due to mutation from 

various sources like radiation or chemicals [1,2] 

Current treatments include surgery, 

chemotherapy, immunotherapy, and radiation; 

their use depends on the cancer type and stage. 

However, these treatments have limitations like 

lack of specificity, potential for recurrence, and 

serious side effects [3-5]. Also, resistance to 

drugs due to immune escape or faulty cell death 

can render treatments ineffective [6].  

Cervical cancer is a prominent issue globally, 

particularly in lower-income nations, causing 

around 311,000 deaths and 570,000 new cases in 

2018 alone [1,7]. The primary cause is the human 

papillomavirus (HPV), a sexually transmitted 

virus categorized into low-risk and high-risk 

types [8]. Though, there are no approved 

treatments for HPV, three preventative vaccines 

exist, and they are ineffective for those already 

infected with high-risk HPV. Treatments for 

cervical intraepithelial neoplasia, an HPV 

consequence, include chemotherapy, immune-

enhancers, radiotherapy, surgery, and cytotoxic 

medicines. However, their cost, limited success, 

side effects, and safety concerns restrict their use 

[9].  Chronic Myeloid Leukemia (CML), a 

myeloproliferative tumor, makes up 15% of adult 

leukemia cases, with an incidence of 1-2 per 

100,000 adults [10]. It's caused by the fusion of 

genes BCR and ABL. BCR is known as  

Breakpoint Cluster Region gene, located on 

chromosome 22, while ABL is Abelson murine 

leukemia viral oncogene homolog 1, a gene 

located on chromosome 9. BCR and ABL are 

often involved in a type of genetic abnormality 

known as the Philadelphia chromosome, which is 

associated with chronic myeloid leukemia 

(CML).  BCR-ABL fusion gene produces a 

protein with increased tyrosine kinase activity, 

which promotes cancerous growth in white blood 

cells [10]. 

Until a decade ago, CML treatment was limited 

to nonspecific drugs, but the discovery of tyrosine 

kinase inhibitors (TKIs) drastically changed the 

situation [11,12]. TKIs interfere with BCR-ABL 

protein's interaction with ATP, preventing 

malignant cellular proliferation, and significantly 

improving the 10-year overall survival rate from 

20 to 80–90% [11, 13,14]. However, drug 

resistance and toxicity are significant challenges 

in CML treatment [15].  

Carbazole scaffolds are key components of many 

bioactive compounds, they are derived from 

various natural sources and have been used in 

anti-cancer drugs for over 50 years [16-18]. 

Numerous carbazole derivatives are known for 

their diverse pharmacological activities, such as 

antioxidant, anti-inflammatory, anti-bacterial, 

anti-tumour, anticancer, anti-convulsant, anti-

psychotic, and anti-diabetic properties [19-21]. 

Recently, carbazole hybrids, which combine 

carbazole and other anticancer pharmacophores 

into one, have been recognized for their potential 

to simultaneously target multiple aspects of 

cancer, potentially reducing side effects and drug 

resistance [22].  On the other hand, Rhodanine is 

a five-membered ring with significant importance 

in various fields including photochemistry and 

medicinal chemistry [23]. Its ability to interact 

with target proteins through various interactions 

makes it crucial in clinical settings [24]. 

Numerous studies have explored its potential in 

treating diseases such as diabetes, HIV, 

Alzheimer's, and cancer [25-27]. Chemical 

modifications of rhodanine often result in 

compounds with a range of biological activities 

[28-31]. 

Due to the lack of specificity of existing 

chemotherapeutics for cancer treatment, drug 

resistance, side effects, and toxicity of existing 

drugs, there is a need to search for more potent 

organic compounds with fewer side effects, and 

toxicity that can effectively target specific 

pathways involved in cancer progression.  Since 

hybrid molecule, combining two pharmacophoric 

groups can yield more potent and selective drugs 

[32-34]. It will be interesting to investigate a 

hybrid of carbazole and rhodanine compounds for 

potential drug design for cancer treatment 

considering their individual reported biological 

activities. 

Computational studies will be needed to 

investigate the potential anticancer activities of 

the carbazole and rhodanine hybrid. 

Computational tools help to rapidly and cost-

effectively identify, design, and optimize drug 
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candidates with high precision. They allow 

researchers to explore vast chemical spaces, 

understand complex biological interactions, and 

predict the behaviour of drugs in living systems, 

ultimately leading to more effective, safer, and 

targeted therapies.  Molecular docking is a 

computational technique used in structural 

biology and bioinformatics to predict the 

interaction between a protein and a small 

molecule such as a ligand.  The primary goal of 

molecular docking is to predict the preferred 

orientation of a ligand when it binds to a protein's 

active site, which can help in understanding the 

strength and nature of the binding. [35]. It 

predicts the most stable complex formation 

between the target and ligand based on ligand 

conformations, position, and orientation in the 

protein's binding site [36]. ADMET is another 

computational tool, it stands for Absorption, 

Distribution, Metabolism, Excretion, and 

Toxicity which are key pharmacokinetic and 

pharmacodynamic properties aiding early 

detection of pharmacokinetic issues and potential 

drug failures. ADMET profiling helps optimize 

promising drug candidates and facilitates the 

design of safe therapeutic agents [37]. Hence, 

before a compound reaches the clinical stage, it 

should be evaluated for drug-likeness, 

pharmacokinetic features, and toxicity. 

This study presents the results of an experiment 

using cheminformatics, bioinformatics, and 

molecular docking simulations to clarify the 

interactions and binding affinities between Hela 

and K562 cells and carbazole-rhodanine hybrids. 

A thorough ADMET screening was also done to 

identify the bioactive compounds that can be 

conveniently developed as possible safe 

anticancer therapeutic agents with no side effects. 

The investigation provided insightful information 

about the structural factors controlling a 

compound's ability to inhibit cancer molecular 

targets. 

 

MATERIALS AND METHODS 

Test Compounds 

Carbazole-rhodanine hybrid are the test 

compounds used in this investigation (Figure. 1). 

Thirteen carbazole-rhodanine conjugates were 

obtained from the research by Jiang et al. [38]. 

The cytotoxic effects of these compounds against 

human cervical cancer (Hela) and human chronic 

myeloid leukemia CML (K562) cells were 

investigated experimentally by Jiang et al. [38]. 

Etoposide was selected as a reference drug for 

molecular docking due to its well-established 

mechanism of action as a topoisomerase II 

inhibitor, known binding mode, and its clinical 

relevance as an approved chemotherapeutic 

agent. It will serve as a benchmark for validating 

docking protocols, comparing the binding 

affinities and activities of new compounds, and 

guiding the design of potential new 

topoisomerase inhibitors. 

 

Ligand Optimization and Preparation  

Chem Professional 15.0 was utilized to create the 

2D structures of the ligands, which were then 

stored as Structure Data Files (SDF). The 

structural data file of the standard (etoposide) was 

obtained from the PubChem database (www. 

pubch em. ncbi. nlm. nih. gov) [39]. To minimize 

the SDF format of the compounds and the 

standard, hydrogen ions and charges were added, 

and the Universal Force Field (UFF) was 

employed, to achieve the least energy 

conformation of the ligands appropriate for 

docking. The SDF files produced were converted 

to PDBQT format using the OpenBabel plugin in 

Pyrx workspace [40]. The ligands whose 

conformations represent the lowest energy states 

are in a more relaxed state with no significant 

strain. They are the most stable and most 

biologically relevant. These ligands were selected 

for molecular docking because of these unique 

properties.  

Protein preparation 

The crystal structures of Human papilloma virus 

type 16 protein for Hela cell (Pdb ID: 6HKS) 

obtained by X-RAY diffraction method, with a 

resolution of 2.19 Å, R-Value Free 0.247, R-

Value Work 0.194, R-Value Observed 0.197 [41] 

and the crystal structure of potent type II BCR-

ABL inhibitor for Chronic Myeloid Leukemia 

(Pdb ID: 5HU9) with resolution 1.53 Å, R-Value 

Free 0.196, R-Value Work 0.186, R-Value 

Observed 0.186 [42] was used for this study. The 

PDB format of these structures was fetched in 
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turns by ID into obtained via X-ray diffraction 

UCSF Chimera [43]. First, the non-standard 

residues were eliminated, including ions, water, 

and bounded ligands. Using the structure editing 

tool Chimera 1.14, the proteins were structurally 

reduced at 100 steepest descent steps, 0.02 

steepest descent steps size (Ᾰ), 10 conjugate 

gradient steps, 0.02 conjugate gradient steps size 

(Ᾰ), and 10 update intervals. In addition, 

hydrogen bonds were introduced, solvents were 

eliminated, and charges were allocated using the 

Gasteiger force field. The proteins that were 

prepared were imported into the PyRx program to 

perform a molecular docking study. 

 

Figure1. Structure of Studied Compounds 

 

Molecular docking  

The molecular docking analysis was performed to 

determine the protein-ligand complex binding 

conformation.  Using AutoDock vina in the PyRx 

workspace, the synthesized ligands and proteins 

were docked [44, 45]. Proteins that had been 

prepared were put into the Pyrx and converted to 

macromolecules. Grid space was set by focusing 

on significant amino acid residues in the active 
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site of receptors searched using Computed Atlas 

of Surface Topography of Proteins and 

UniProtKB. The grid box was set as shown in 

Table 1. with an exhaustiveness of 8.  

 

 

Table 1: Grid box orientation 

 6HKS 5HU9 

 X Y Z X Y Z 

Center 0.7999 31.1494 56.0399 -4.0093 -19.6963 -9.9817 

Dimension 33.6309 39.7583 47.339 18.0876 16.1891 20.1592 

 

Post-Docking Analysis 

When the docking was complete, the binding 

affinity was obtained and saved as an Excel sheet.  

Nine conformers were considered for each 

ligand-enzyme complex and the conformations 

with the lowest binding energy (most negative 

value) were identified to be the best binding mode 

of the docked compound to the target enzyme 

[46]. The resulting files were uploaded for post-

docking analysis to the Chimera 1.14 workspace. 

UCSF Chimera 1.14 was used to create 3D 

images of the complexes generated between 

proteins and ligands. The complexes generated 

by the docking poses of the ligands and receptors 

were visualized using BIOVIA Discovery 

Studio21, allowing for a thorough examination of 

the interactions and bonds that were created 

between them.  

ADMET Screening 

Absorption, distribution, metabolism, excretion, 

and toxicity are the pharmacokinetic features of 

drugs that are abbreviated to ADMET. This is 

referred to a pathway of how a drug is distributed 

in the systemic circulation and how it undergoes 

metabolism.  

The optimal drug candidate possesses both 

efficacy against the therapeutic target and 

attractive ADMET characteristics within the 

therapy dose range [47]. It is intended to be 

swiftly absorbed from the digestive tract, 

transported to the body's site of action, 

appropriately metabolized, go through 

biotransformation without impairing its function, 

and then eliminated without causing any [37].  

Lipinski's rule of five should be followed by 

drug-like compounds, and their lipophilicity and 

hydrophilicity should be balanced [48]. These 

regulations stipulate that: (I) there must be fewer 

than five hydrogen bond donors; (II) there must 

be fewer than ten hydrogen bond acceptors; (III) 

the molecular weight (MW) must be less than 500 

(g/mol); and (IV) the partition coefficient Log P 

(CLogP) must be less than five.  

In addition to the aforementioned standards, 

several others should be considered, such as the 

Veber rule [49] ((I) rotatable bond (II) PSA not 

greater than 140 Å), the Egan rule ((I) LOG p not 

more than 5.88 (II) topological polar surface area 

not more than 131.6 Å) [50], and the Muegge rule 

((I) molecular weight 200-600 D (II) Log P 

between -2 to +5 (III) topological surface area not 

more than 150 (IV) number of rings not more than 

7 (V) number of carbon atoms not less than 4 (VI) 

number of heteroatoms more than 1 (VII) number 

of rotatable bonds not more than 15) (VIII) 

hydrogen bond donor atoms not more than 5 and 

hydrogen bond acceptor atoms should be more 

than 10 (IX) Abbott bioavailability F should not 

be more than 10%) [51] when considered.  

Toxicity analysis is conducted in conjunction 

with these investigations to comprehend any 

potential toxicity linked to the drug molecule that 

may result in specific adverse drug effects [52].  

Using in silico predictive models, the test drugs' 

ADMET properties were ascertained. The 

physical and chemical characteristics, 

pharmacokinetics, water solubility, lipophilicity, 

drug-likeness, and therapeutic qualities were 

predicted using the SwissADME 

(http://www.swissadme.ch) server, a 

chemoinformatics-based web server [53]. The 

ProTox-II web-based platform was utilized to 

accurately forecast the toxicity of several 

substances [54]. PubChem (https:// pub-chem. 

ncbi. nlm. nih. gov) provided the canonical 
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SMILES for the molecular structures of all the 

substances. 

 

RESULTS AND DISCUSSION 

Docking Result 

To determine the optimal shape and orientation 

of each ligand within the enzyme's active site, the 

docking scores calculated free binding affinities, 

as represented by Gibbs free energy (ΔG 

kcal/mol), and the interactions with each ligand's 

essential amino acids were investigated. Every 

substance that was examined demonstrated a high 

affinity for binding to the receptor. They engage 

with the amino acid residue in the receptor's 

active site to form an accurate match inside it. 

The binding energy, residues of proteins engaged 

in the interaction, and the distance for each 

complex formed are displayed in Tables 2 and 3. 

The 2D and 3D diagrams showing the type of 

interaction and the protein residues involved are 

also displayed in Figures 2, 3 4, and 5.  

To support the research conducted through 

experiments by Jiang et al. [38], the test 

chemicals were docked to the Hela receptor's 

(6HKS) active site. The resulting complexes 

demonstrated that the test molecules inhibit the 

active site of the protein with binding energy 

between -7.0 to -7.9 Kcal/mol (Table. 2). The 

lower the binding affinity value of any 

compound, the higher the inhibiting ability of 

such compound [55], all the compounds' binding 

energies were lower than -7.3 Kcal/mol, except 

compounds E (-7.2 Kcal/mol) and L (7.0 

Kcal/mol). This indicates that eleven compounds 

had better affinity to the receptor than the 

standard, hence they possess better anti-cancer 

activities. With a binding energy of -7.9 

Kcal/mol, compound G exhibited the best 

binding interaction, this is consistent with the 

experimental findings of Jiang et al [38]. Van der 

Waal’s forces of attraction and pi-alkyl bond 

were observed in all complexes formed. 

Conventional hydrogen bond was observed in all 

complexes formed except for compounds E and 

L. Pi-pi T shape was observed for compounds A, 

D, K, J, and S. Carbon hydrogen bonds were 

observed in compounds H and J. The compounds 

with fluorine substituent showed interaction with 

fluorine except for compound F.  Pi-sigma bond 

was observed in complexes C, H, and L. Pi-

cation was seen in complexes formed by E, G, H, 

and J. Only compound B and F complexes 

possess pi-anion and sulfur bond respectively. 

Since these binds involve hydrophobic and 

hydrogen bonds, they are essential for both the 

receptor-ligand interaction and for strengthening 

the interactions.  

The test compounds were also docked to K562 

(5HU9)'s active site. From the result, the 

compounds inhibit the active site of the Chronic 

Myeloid Leukemia receptor as observed from the 

lower value of binding affinity which ranged 

from -8.4 to -10 kcal/mol (Table. 3). They formed 

stable complexes with the receptor as shown in 

Figure 3. Ten of the test compounds had lower 

binding energy than the standard, this suggests 

that they can snug more perfectly into the active 

site of the receptor than the standard drug. Among 

these compounds, compound G had the lowest 

binding energy and hence possessed better anti-

cancer activity.  Van der Waal’s forces of 

attraction and pi-alkyl bond were observed in all 

complexes formed. All the complexes that were 

produced, except compounds A, E, I, and M, 

showed conventional hydrogen bonds. Amide pi-

stacked interaction was observed for compounds 

C, and I. Carbon hydrogen bonds were observed 

in compounds A, B, F, G, K, and standard drug. 

The compounds D, K, and M with fluorine 

substituent showed interaction with fluorine. Pi-

sigma bond was observed in the complex formed 

by compounds A, E, H, J, K, L, and M. Pi-anion 

was seen in complexes formed by E, C, I, and L. 

Compound B and E complexes possess pi-cation 

while complexes formed by B, E and K showed 

interaction with sulfur. Only the standard drug 

and compound G showed Unfavorable donor-

donor and unfavorable acceptor-acceptor, 

respectively.  Compound A also showed pi-pi T 

stacked interaction. Most of the compounds in 

this investigation demonstrated strong binding 

affinities against the two cancer cell lines that 

were employed, suggesting that these compounds 

may have inhibitory effects on these 

macromolecules and may have potential 

applications as cancer treatment agents. 
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Table 2. Binding Affinity and Binding Interactions between Ligands and Receptor 6HKS  
Lig 

and 

ΔG 

kcal/mol 

Hydrogen Interaction Amino Acid Residue Type of interactions 

A -7.7 Leu525 (4.90), Lys520 (5.27), Asn524 

(4.83), Arg539 (4.30) 

Val576, His572, Asn541, Gly522, Phe523, Phe521, Ile579, Lys580 Van der waals, Conventional hydrogen bond, 

Halogen (fourine), pi-pi T-shaped, Pi- Akyl 

B -7.8 Thr514 (3.80) Asn541, Ser544, Asp516, Pro545, Thr548, Cys549, Ile513, Arg512, 

Glu589, Pro515 

Van der waals, Conventional hydrogen bond, Pi-

Anion, Pi-Alkyl 

C -7.4 Asp516 (4.39) Asp524, Leu525, Ile579, Phe521, Phe523, Gly522, Asn541, Ser544, 

Pro545  

Van der waals, Conventional hydrogen bond, pi 

Cation, pi-Sigma, Pi-Alkyl 

D -7.4 Gly522, Asn541 (4.55, 5.37) Lys580, Ile579, Val576, His572, Leu525, Asn524, Phe523, Phe521, 

Lys520, Asp516, Pro545, Ser544 

Van der waals, Conventional hydrogen bond, 

Halogen (fourine), pi-pi T-shaped, Pi- Akyl 

E -7.2 Nil Asn541, Phe523, Phe521, Gly522, His572, Gly527, Gln531, Lys526, 

Leu526, Asn524, Ile579, Val579, Lys520, Lys580 

Van der waals, pi Cation, pi-Alkyl 

F -7.7 Gly522 (5.41), Asn541 His572, Val576, Leu525, Ile579, Lys520, Phe528, Phe521, Asp516, 

Ser545, Asn541, Pro545, ARG539, Asn524, Lys580, Asp573 

Van der waals, Conventional hydrogen bond, Sulfur-

X, Pi-Sigma, Alkyl, Pi- Akyl 

G -7.9 Asn524 (5.73) His572, Leu525, Ile579, Phe523, Phe523, Phe521, Lys520, Gly520, 

Gly522, Arg539 

Van der waals, Conventional hydrogen bond, pi 

Cation, pi-pi T-shaped, Pi- Akyl 

H -7.8 Asn541 (4.03), Lys520 (4.210 Asp573, His 572, Leu525, Asn524, Phe523, Val576, Asp518, Ser544, 

Asp516, Gly522, Phe521, Ile579, Lys580 

Van der waals, Conventional hydrogen bond, Carbon 

Hydrogen Bond, Halogen (fourine), Pi-Cation, Pi-

Sigma, Pi- Akyl 

I -7.6 Ser538 (3.36) Ile579, Phe521, Phe523, Lys520, Arg539, Asn524, Lys526, Leu525, 

Val576, Lys580,  

Van der waals, Conventional hydrogen bond, Pi-

Sigma, Pi- Akyl 

J -7.4 Lys520 (5.07) Asn524 (4.28) His572, Val576, Leu525, Phe523, Arg539, Asn541, Gly522, Phe521, 

Lys580, Ile579 

Van der waals, Conventional hydrogen bond, Carbon 

Hydrogen Bond, Pi-Cation, Pi-pi T-shaped, Pi- Akyl 

K -7.5 Leu525, Lys520, Asn524 Val576, His572, Arg539, Asn541, Gly522, Phe521, Phe523, Lys580, 

Ile579 

Van der waals, Conventional hydrogen bond, 

Halogen (fourine), Pi-pi T-shaped, Pi- Akyl 

L -7.0 NIL Phe523, Lys520, Gly522, Val576, Leu525, Ile579, Lys580, Asn524, 

Gln531, Lys526, Gly527, His572 

Van der waals, Conventional hydrogen bond, Pi-

Sigma, Pi- Akyl 

M -7.5 Lys520 (4.79) Val576, Leu525, His572, Asn541, Gly522, Asn524, Phe523, Lys580, 

Ile579, Phe521 

Van der waals, conventional hydrogen bond, halogen 

(fourine), pi-pi T-shaped, Pi-alkyl 

Etopo 

side 

-7.3 Asp518 (4.41), Arg539 (4.91), Phe521 

(5.20), Gly522 (3.40), Phe523 (5.18) 

Asn516, Asn524, Leu525, Asp573, Val576, His572, Pro545, Ser544, 

ASP516, Lys520 

Van der waals, Conventional hydrogen bond, Akyl, 

Pi- Alkyl 
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Table 3. Binding Affinity and Binding Interactions between Ligands and Receptor 5HU9 
Ligand ΔG 

kcal/mol 

Hydrogen 

Interaction 

Amino Acid Residue Type of interactions 

A -9.7 Nil Phe359, His361, Ile360, Leu354, Val 299, Ala380, Asp381, Ile293, Leu298, 

Met290, Ser385, Gly383, Met278, Glu279, Leu273, Phe283, Glu282, Glu286,  

Van der waals, carbon hydrogen bond, pi-sigma, pi-pi 

T-stacked, alkyl, pi-alkyl 

B -9.6 Asp (3.80) Asp363, Leu387, Arg362, Lys271, Glu282, Lys285, Ile293, Va289, Glu280, Val 

299, Ala380, Met290, His361, Ile360, Ser385 

Van der waals, conventional hydrogen bond, carbon 

hydrogen bond, pi-cation, pi-sulfur, pi-alkyl 

C -9.2 Ser385 (3.33), 

Arg362 (3.25) 

Ile360, His361, Phe359, Ile293, Lys271, Asp363, Asp381, Arg386, Gly383, 

Leu387, Glu282, Glu286, Lys285, Val289, Leu354 

Van der waals, conventional hydrogen bond, pi anion, 

amide-pi stacked, alkyl, pi-alkyl 

D -8.4 His361 (4.770), 

Ser385 (3.19, 4.16) 

Phe359, Ala380, Leu298, Val379, Met290, Asp381, Glu286, Arg386, Leu387, 

Asp363, Arg362, Gly383, Glu282, Ile360, Val289 

Van der waals, conventional hydrogen bond, halogen 

(fourine), pi-anion, pi-sulfur, pi-alkyl  

E -8.6 Nil Glu282, His361, Leu354, Ile293, Val289, Ala380, Leu298, Met290, Val379, 

Arg362, Asp381, Glu286, Asp363, Ser385, Leu387, Glu279 

Van der waals, pi Cation, pi- anion, pi-sigma, pi-Alkyl 

F -8.9 Gly383 (5.06), 

Arg386 (3.76) 

Lys285, Glu286, Val289, Asp381, Ser385, Leu384, glu282, Arg362, Ile360 Van der waals, conventional hydrogen bond, carbon 

hydrogen bond, alkyl, pi-alkyl 

G -10 Arg362 (4.37), Arg 

386 (3.49) 

Ile360, Phe416, Ile293, Glu282, Met388, Ser385, Gly383, Asp381, Glu286, 

Met290, Val289 

Van der waals, conventional hydrogen bond, carbon 

hydrogen bond, unfavorable acceptor-acceptor, pi- akyl 

H -9.4 Arg368 (4.46), 

Asp381 (4.17) 

Glu279, Glu282, Val289, His361, Leu354, Ile293, Val299, Ala380, Leu298, 

Met290, Val379, Glu286, Arg362, Asp363, Ser385, Leu387 

Van der waals, conventional hydrogen bond, pi-sigma, 

pi- alkyl 

I -9.0 Nil Glu282, His361, Ile360, Phe354, Leu354, Ile293, Val299, Ala380, Leu298, 

Met290, Val379, Arg362, Asp381, Glu286, Asp363, Ser385, Leu387, Glu279,  

Van der waals, pi-anion, amide pi-stacked, pi-alkyl 

J -9.2 Asp381 (6.47) Met290, Ile293, Val299, Val379, Ala380, Gly383, Ser385, Glu279, Glu282, 

Glu286, Phe 283, Ile360, Phe354, Leu354, Leu298, Val379, His361 

Van der waals, conventional hydrogen bond, pi-sigma, 

pi- alkyl 

K -8.8 Gly383 (3.95)  His361, Leu354, Val299, Val379, Ala380, Leu298, Met290, Ile293, Asp381, 

Ser385, Glu286, Val379, Leu298, Phe 359, Ile360, Phe354, Leu384, Arg386 

Van der waals, conventional hydrogen bond, carbon 

hydrogen bond, halogen (fourine), Pi-pi-sigma, pi-

sulfur, pi-alkyl 

L -8.5 Gly383 (3.18) Ile293, Leu298, His361, Leu354, Val299, Val379, Met290, Ala380, Leu298, 

Phe359, Ile360, Ser385, Glu282, Glu286, Asp381 

Van der waals, conventional hydrogen bond, pi-anion, 

pi-sigma, pi-alkyl 

M -9.1 Nil Ala380, Val379, Ile293, Leu298, Val299, Met290, Asp381, Gly383, Ser385, 

Arg386, Glu282, Glu286, Val289, Leu354, Phe359, Ile360, His361,  

Van der waals, halogen (fourine), pi-sigma, pi-alkyl 

Etoposide -8.7 Glu286 (4.11) Ile360, Arg362, Asp363, Ala380, Val379, Ile293, Leu298, Val299, Met290, 

Asp381, Val289, Lys285, Ly271, Glu286, Val289, Leu354, His361, 

Van der waals, conventional hydrogen bond, carbon 

hydrogen bond, unfavorable donor-donor, alkyl, pi-

alkyl 
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Figure 2. (a) Three-dimensional (3D) and two-dimensional (2D) views of the molecular interactions 

between the amino acid residues of receptor 6HKS and compound G 

 

Figure 3. (a) Three-dimensional (3D) and two-dimensional (2D) views of the molecular interactions 

between the amino acid residues of receptor 6HKS and Etoposide 
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Figure 4. (a) Three-dimensional (3D) and two-dimensional (2D) views of the molecular interactions 

between the amino acid residues of receptor 5HU9 and compound G 

 

 

Figure 5. (a) Three-dimensional (3D) and two-dimensional (2D) views of the molecular interactions 

between the amino acid residues of receptor 5HU9 and etoposide  

ADMET Profiling Some of the investigated substances were 

observed to have the ability to inhibit the target 
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proteins. To assess how well they will operate 

pharmacologically as medications, research on 

their ADMET properties is required.   

In silico ADMET is a rapid and affordable way to 

determine if a molecule will be easily absorbed, 

dispersed evenly to its precise site of action, 

positively digested, and swiftly eliminated from 

the body without causing any unwanted side 

effects is to use in silico ADMET prediction [47]. 

The bioactive compounds' pharmacokinetics, 

toxicity profiles, drug-likeness, and lipophilicity 

prediction outputs are shown in Tables 4, 5, 6, 

and 7, respectively.  

Drug Likeness Analysis of the Test 

Compounds 

Drug-likeness analysis, a qualitative measure of 

oral bioavailability was derived from the 

structural or physicochemical investigation of 

individual substances. Using the rule-based filters 

developed by Lipinski, Verber, Egan, and 

Muegge, the compounds' drug-likeness 

characteristic was assessed.  

According to the rule, for a compound to have 

good drug-likeness and to be bioavailable upon 

oral administration it must not violate two or 

more of the rules [48,49]. The molecular weights 

of the test compounds range from 471.59 (E) to 

588.56 (standard), with compounds A, B, C, H, 

and standard drugs exceeding 500 (Table 4). 

TPSA is the surface sum of all polar atoms, 

mainly oxygen and nitrogen, The test compounds 

had a TPSA of 57.61 Å2, with exceptions for B 

(100.75 Å2), G (81.4 Å2), and the standard 

(160.83 Å2). High TPSA and molecular weight 

reduce a drug candidate's penetration. However, 

if TPSA is < 60 Å2, absorption can exceed 90%. 

The molar refractivity values ranged from 135.47 

(I, K) to 144.37 (B). The absorptive capacity of 

candidate molecules is highly dependent on the 

number of rotatable bonds (nRTBs). The number 

of rotatable bonds for test compounds and the 

standard is 5 except for compounds B and H.  

HBA ranged from 3 (C, E, F, J) to 13 (standard) 

and HBD for the test compounds is from 1 and 3 

for the standard. The tested compounds have five 

rings and three heteroatoms (N, S, and O), some 

of the compounds have halogens. Etoposide has 

seven rings nd one heteroatom (O). The Synthetic 

Accessibility (SA) score, ranging from 1 (easy) to 

10 (difficult), gauges a molecule's synthesis ease 

[56]. The examined compounds have moderate 

SA scores (4.37-4.49), except etoposide with a 

higher score of 6.27 (Table 4).                                                                                                                                      

The Lipinski, Veber, Egan, and Muegge 

guidelines were followed by the test compounds, 

except the standard, which had two violations of 

the Lipinski and Muegge rule due to the large 

number of molecular weights and HBA (13) 

(Table 4). Therefore, the test compounds 

demonstrated better drug-likeness properties 

when compared side by side with the standard.                                                                                                                                                                                                                                                                                                                                                                 
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Table. 4: Test Compounds' Drug-Likeness Prediction Output 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MW: Molecular weight; MR: Molar refractive; HBD: Hydrogen bond donor, HBA; Hydrogen bond Acceptor, TPSA: Topological Polar Surface 

Area; SA: Synthetic Accessibility 

  

Code Chemical formula MW RB HBD HBA MR TPSA 

( Å2) 

SA Lipinski 

violation 

Veber 

violation 

Egan 

violation 

Muegge 

violation 

A C26H17BrFNO3S2 554.45 5 1 4 143.21 57.61 4.38 1 0 1 1 

B C26H18N2O5S2 502.56 6 1 5 144.37 100.75 4.39 1 1 1 1 

C C26H18BrNO3S2 536.46 5 1 3 143.25 57.61 4.39 1 0 0 1 

D C26H18FNO3S2 475.55 5 1 4 135.51 57.61 4.37 0 0 0 1 

E C27H21NO3S2 471.59 5 1 3 140.52 57.61 4.5 0 0 0 1 

F C26H18ClNO3S2 492.01 5 1 3 140.56 57.61 4.37 1 0 0 1 

G C27H18N2O3S2 482.57 5 1 4 140.27 81.4 4.46 0 0 1 1 

H C27H18F3NO3S2 525.56 6 1 6 140.55 57.61 4.49 1 0 1 1 

I C26H17F2NO3S2 493.54 5 1 5 135.47 57.61 4.41 1 0 1 1 

J C26H19NO3S2 457.56 5 1 3 135.55 57.61 4.39 0 0 0 1 

K C26H17F2NO3S2 493.54 5 1 5 135.47 57.61 4.4 1 0 1 1 

L C26H18FNO3S2 475.55 5 1 4 135.51 57.61 4.39 0 0 0 1 

M C26H18FNO3S2 475.55 5 1 4 135.51 57.61 4.39 0 0 0 1 

Etoposide C29H32O13 588.56 5 3 13 139.11 160.83 6.27 2 1 1 2 
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Lipophilicity and Water Solubility of the 

Studied Compounds 

The partition coefficient logarithm of a drug 

compound in an organic or liquid phase is termed 

lipophilicity (Log P). It was assessed using 

WLOGP, XLOGP, iLOGP, MLOGP, and 

SILICOS-IT predictive models [57]. The 

arithmetic mean of the five models is referred to 

as the consensus log P.  Lipophilicity and water 

solubility are critical physicochemical properties 

that determine the behaviors of a drug.  

The lipophilicity (Log P) of a drug, is its partition 

coefficient in an organic phase. It is gauged using 

WLOGP, XLOGP, iLOGP, MLOGP, and 

SILICOS-IT models. Their average is known as 

consensus log P. Lipophilicity and solubility 

significantly impact a drug's behavior [58]. A 

drug taken orally needs to be sufficiently 

hydrophilic to flow through aqueous blood and 

enough lipophilic to cross the intestinal tract and 

target cell membranes. A higher Log P value 

signifies higher lipophilicity and lower water 

solubility [59]. Additionally, log P affects how 

well the medication molecules are absorbed by 

the body; a higher Log P indicates a lower level 

of digestion and vice versa. The tested 

compounds' log P values varied from 1.15 

(etoposide) to 4.85 (H). The etoposide had the 

least log P value (1.15), this may be due to the 

presence of additional polar side chains in their 

structure. The log P value of the test compounds 

was observed to be higher (3.26- 4.85) due to the 

lack of polar side chains in their structure. As a 

result, all test compounds are poorly soluble 

while etoposide is soluble, but it is worthy of note 

that all test compounds and standard have log P 

values within the range acceptable by Lipinski, 

Egan, and Muegge rules.  

Using the SILICOS-IT prediction model, water 

solubility was calculated as the logarithm of the 

molar solubility in water (log S). A compound's 

Log S value determines how well it dissolves; the 

higher the value, the better [60]. The compounds' 

Log S values varied from -3.59 (etoposide), 

which was soluble, to -7.59 (A), which was 

poorly soluble. This pattern is exactly consistent 

with the previously discussed Log P values. 

The bioavailability score provides a semi-

quantitative estimate of the likelihood that the 

compounds would make effective oral drug based 

on the total charge, TPSA, and Lipinski filter 

drugs [61]. With the exception of (B) 0.11 and 

0.17 for etoposide, the test drugs' bioavailability 

scores (Table 5) from the ADME results were 

0.56. Given that these compounds have a 0.55 

bioavailability score, which indicates that they 

have a 55% chance of at least 10% oral absorption 

in rat or human colon cancer (Caco-2) 

permeability [62], these compounds are probably 

going to work well as oral drugs. 
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Table 5: Predicted Lipophilicity (Log P) 

Values, Water Solubility and 

Bioavailability of the Studied Compounds  

 

  

Code iLOGP XLOGP3 WLOGP MLOGP Silicos-IT Log P Consensus Log P ESOL 

Log S 

Solubility 

Class 

BS 

A 

2.63 5.74 5.16 3.65 6.52 4.74 -7.59 

Poorly 

soluble 0.56 

B 

2.91 3.78 4.27 1.69 3.66 3.26  -6.58 

Poorly 

soluble 0.11 

C 

3.53 5.64 4.6 3.28 5.09 4.43 -7.42 

Poorly 

soluble 0.56 

D 

3.21 4.05 4.4 3.08 5.84 4.11  -6.67 

Poorly 

soluble 0.56 

E 

3.23 4.31 4.15 2.91 5.95 4.11 -6.81 

Poorly 

soluble 0.56 

F 

3.35 4.57 5.49 3.18 6.06 4.33 -7.1 

Poorly 

soluble 0.56 

G 

2.98 4.67 3.71 2.02 4.46 3.57 -6.47 

Poorly 

soluble 0.56 

H 

3.45 5.83 5.01 3.48 5.5 4.85 -7.38 

Poorly 

soluble 0.56 

I 

3.33 5.15 4.96 3.45 5.26 4.43 -6.84 

Poorly 

soluble 0.56 

J 

3.09 4.95 3.84 2.71 4.42 3.80 -6.51 

Poorly 

soluble 0.56 

K 

3.39 5.15 4.96 3.45 5.26 4.44 -6.84 

Poorly 

soluble 0.56 

L 

2.38 5.05 4.4 3.08 5.84 4.15 -6.67 

Poorly 

soluble 0.56 

M 

2.33 5.05 4.4 3.08 5.84 4.14 -6.67 

Poorly 

soluble 0.56 

Etoposide 3.31 0.6 1.01 -0.14 0.95 1.15 -3.75 Soluble 0.17 
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Pharmacokinetics Prediction of the 

Bioactive Compounds 

All the test substances, except for J and 

standard, had probabilities of being absorbed 

in the gastrointestinal tract (GIT), according 

to the results of the pharmacokinetics 

prediction (Table 6). This implies that these 

substances may be absorbed in the 

gastrointestinal tract when taken orally [63].  

The blood-brain barrier (BBB) is the primary 

component of medications that primarily 

target brain cells [64]. Both the reference and 

the test chemical lacked BBB permeability. 

P-gp, a well-characterized ATP-binding 

cassette transporter in the plasma membrane, 

is in charge of actively egressing xenobiotics 

across biological membranes to shield the 

organism from foreign substances [65]. This 

efflux pump keeps some drugs from getting 

into sensitive areas, which leads to drug 

resistance. Table 6 shows that none of the test 

compounds or the standard are P-glycoprotein 

substrates, indicating that they have the 

potential to be effective chemotherapeutic 

drugs.  

A superfamily of isoenzymes called 

cytochrome P450 monooxygenase catalyses 

the metabolism of many different substrates, 

including chemotherapy drugs. 

Consequently, one method for treating and 

preventing cancer is to use enzyme-inhibiting 

techniques [66]. Five main isoforms 

(CYP1A2, CYP2C19, CYP2C9, CYP2D6, 

and CYP3A4)42 have been estimated to be 

substrates of 50–90% of medications. The 

inhibition of these isoforms is a crucial factor 

in pharmacokinetics-related drug-drug 

interactions (). Due to their inability to be 

digested, this may lead to low bioavailability 

and serious side effects from their retention. 

The compounds have a high likelihood of 

undergoing transformation and being 

bioavailable when taken orally, as evidenced 

by their non-inhibition activity against these 

enzymes [67]. Except for etoposide, all test 

chemicals have the potential to inhibit 

CYP2C9 and CYP2D6, but none of them can 

inhibit CYP2D6, CYP19, or CYP1A2, 

indicating that they are all likely to be 

converted and bioavailable following oral 

administration. 

the skin functions as a selective barrier that 

permits various substances to pass through at 

varying rates depending on their 

physicochemical characteristics [68]. 

Therefore, a crucial metric for assessing 

compounds that may need transdermal 

delivery is skin permeability (Log Kp) [69]. 

The molecule is less skin permeant the higher 

the negative log Kp value [70]). Table 6 

displayed the log Kp (cm/s) of the test 

chemicals, with etoposide being the least 

permeant at -9.46 and F being the most 

permeant at -4.64. The results suggest that 

there is little skin permeability in the test 

substances.  
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Table 6: Test Compound Pharmacokinetics Prediction Output 

Code GI  BBB P.gp CYP 

1A2 

CYP2

C19 

CYP2

C9 

CYP2

D6 

CYP3

A4 

Log KP 

(cm/s) 

A Low No No No No Yes No Yes -4.9 

B Low No No No No Yes No Yes -5.26 

C Low No No No No Yes No Yes -4.86 

D Low No No No No Yes No Yes -4.91 

E Low No No No No Yes No Yes -4.70 

F Low No No No No Yes No Yes -4.64 

G Low No No No No Yes No Yes -5.22 

H Low No No No No Yes No Yes -4.66 

I Low No No No No Yes No Yes -4.94 

J High No No No No Yes No Yes -4.87 

K Low No No No No Yes No Yes -4.94 

L Low No No No No Yes No Yes -4.91 

M Low No No No No Yes No Yes -4.91 

Etoposid

e Low No Yes No No No Yes No -9.46 

GI: gastrointestinal; BBB: blood rain barrier and P-gp: P-glycoprotein. 

 

Toxicity Profiles of the Bioactive 

Compounds  

A bioactive compound with excellent drug-

likeness, lipophilicity, and pharmacokinetic 

properties still needs to undergo a thorough 

toxicity test to ensure safety and prevent side 

effects when administered as a drug.  

Table 7 shows the chemicals' predicted levels 

of toxicity. Based on the ProTox II toxicity 

prediction, etoposide is classified as oral 

toxicity class 3, with an LD50 of 215 mg/kg, 

while all other test chemicals are classified as 

oral toxicity class 4, with an LD50 of 350 

mg/kg.  

The principal location of metabolism in 

humans is the liver, which may be vulnerable 

to the effects of numerous medications and 

harmful substances. Human hepatotoxicity 

(H-HT) illustrates many forms of liver 

damage that may result in the organ failing or 

even death [71]. All test compounds except B, 

E, G, J, and etoposide showed a tendency for 

hepatotoxicity. Compounds that have the 

potential to cause changes or malignant 

development through mutagenicity are 

identified using mutagenicity tests. 

Carcinogenicity substances can cause cancer 

by altering cellular metabolic pathways and 

causing harm to the DNA [72]. Among the 

test compounds, only compound B has the 

probability of carcinogenicity (0.54) and 

mutagenicity (0.78) and this may be due to the 

presence of nitro substituent on this 

compound. None of the test compounds was 
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cytotoxic. The detrimental effect of toxic 

substances on the operation of the systemic 

and local immune systems is known as 

immunotoxicity. Compounds A, K, and 

etoposide showed a tendency for 

immunotoxicity.  

The study showed that most of the test 

compounds and standard compounds 

exhibited one type of toxicity. Compounds E, 

G, and J did not exhibit any tendency for 

hepatotoxicity, carcinogenicity, 

immunotoxicity, mutagenicity, or 

cytotoxicity, suggesting that they are safe as 

potential therapeutic agents.  

Structure-Activity Relationship (SAR) 

This structure-activity relationship (SAR) is 

evident in compounds B, G, and H, which 

showed good inhibiting activities against the 

cancer cell lines in the presence of nitro, 

cyano, and trifluoromethyl group 

substitutions group at the para-position of 

phenyl ring, respectively (Figure 6). 

Compounds B, G and H with stronger 

electron-withdrawing groups substituted on 

the benzyl ring displayed more potent 

cytotoxic activity against the studied cancer 

cell lines compared with compounds C 

(bromine atom) and D (fluorine atom) with 

weaker electron-withdrawing functional 

group substitution.  

This structure-activity relationship (SAR) is 

evident in this study. Compounds B, G, and H 

demonstrate a strong inhibitory effect on the 

cancer cell lines when nitro, cyano, or 

trifluoromethyl groups are substituted at the 

para-position of the phenyl ring, respectively. 

In comparison to compounds C (bromine 

atom) and D (fluorine atom), which have 

weaker electron-withdrawing functional 

group substitution, compounds B, G, and H, 

which have stronger electron-withdrawing 

groups replaced on the benzyl ring, showed 

more significant cytotoxic activity against the 

examined cancer cell lines. Compound E, 

which has an electron-donating methyl group 

substitution on the benzyl ring, showed poor 

cytotoxic action. Compounds substituted with 

nitro and halogen were found to have a 

propensity for at least one kind of toxicity. 

The only compounds that did not exhibit any 

trend toward toxicity were compounds E, G, 

and J, which include methyl, cyano, and 

hydrogen substituents, respectively.  
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Figure 6. Structure Activity Relationship of the Test Compounds 
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Table 7. Toxicity Profiles of Test Compounds 

Code LD50 

(mg/kg) 

Toxicity 

Class 

Hepato-

toxicity 

Carcinoge-

nicity 

Immune-

toxicity  

Mutage-

nicity 

Cytoto-

xicity 

A 350 4 + (0.58) - +(0.91) - - 

B 350 4 - + (0.54) - + (0.78) - 

C 350 4 + (0.57) - - - - 

D 350 4 + (0.57) - - - - 

E 350 4 - - - - - 

F 350 4 + (0.57) - - - - 

G 350 4 - - - - - 

H 350 4 + (0.54) - - - - 

I 350 4 + (0.57) - - - - 

J 350 4 - - - - - 

K 350 4 + (0.57) - + (0.98) - - 

L 350 4 + (0.57) - - - - 

M 350 4 + (0.57) - - - - 

Etoposide 215 3 - - +(0.99) - - 
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CONCLUSION 

Thirteen selected carbazole-rhodanine conjugates 

were investigated in silico against Hela and K562 

cancer cell lines. The molecular docking studies 

showed that ten of the test compounds 

demonstrated better binding affinity, and better 

inhibition efficiency towards Hela and K562 cell 

lines compared to the standard. The SAR 

demonstrated an increased activity, by a strong 

electron-withdrawing group at the para-position 

of the phenyl ring. Thus, Compound G with a 

cyano substituent demonstrated the best binding 

affinity with the two receptors studied. The study 

revealed that test compounds demonstrated better 

drug-likeness properties compared to the 

standard. The pharmacokinetics showed that both 

the standard and the test compounds are 

reasonably likely to be bioavailable following 

oral delivery, and the lipophilicity profile showed 

that the standard was more soluble than the test 

compounds. The toxicity prediction revealed that 

only chemicals E, G, and J have no potential to be 

cytotoxic, immunotoxic, mutagenic, hepatotoxic, 

or carcinogenic as therapeutic agents.  Among 

these three safe compounds, compound G had the 

best inhibitory efficiency against the two targets 

evaluated (6HKS and 5HU9).  Hence, compound 

G is the best fit to be further developed as a safe 

therapeutic agent against Hela and K562 cancer 

cell lines. In vivo studies should be carried out to 

validate the toxicity profile of the compounds.  
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