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Abstract: Cytochrome P450 (CYP) isozymes are promising therapeutic targets against 

dibenzo[a,l]pyrene-induced mammary cancer. Current research aims to identify potential lead 

molecules against mammary cancer targetting CYP1A1, 1A2, and 1B1 using ligand-based virtual 

screening (LBVS), molecular interactions, MD simulation, and in vitro studies. The LBVS predicted 

30,500 hits, which were reduced to 400 when sifted through Lipinski RO5, and ADMET parameters. 

These 400 compounds were carried forward for molecular docking with the selected CYP isozymes. 

The ligand CHEMBL224064 (CHEMBL1), CHEMBL2420083 (CHEMBL2), and CHEMBL61745 

(CHEMBL3) depicted stronger binding respectively in CYP1A1 (-10-52 kcal/mol), 1A2 (-10.82 

kcal/mol), and 1B1 (-10.78 kcal/mol) in comparison to known inhibitor alpha-naphthoflavone (ANF) 

(-9.13 kcal/mol, -9.66 kcal/mole, and -9.67 kcal/mol respectively in CYP1A1, 1A2, and 1B1). These 

compounds were found stable with their respective targets during MD studies of 50 ns duration. 

Furthermore, (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) (MTT) and enzyme 

inhibition assay elucidated and validated the inhibitory potential of identified ligands against mammary 

carcinomas. The study reveals a significant understanding of PAH-mediated mammary cancer and its 

prevention. 
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1. Introduction 

Dibenzo[a,l]pyrene (DBP) is one of the deadly pro-carcinogenic environmental 

polycyclic aromatic hydrocarbons (PAHs) produced by partial oxidation of woods, charcoals, 

plastic wares, fossil fuels, and tobacco products. It consists of six-fused benzene rings and 

structurally showing two clefts, respectively known as a fjord- and bay-regions. The former 

comparatively produces more carcinogenic intermediates [1-4]. Biotransformation of DBP 

undergoes three consecutive steps. In first step cytochrome P450 (CYP) isozymes especially 

CYP1A1, 1A2, and 1B1 metabolize DBP into dibenzo[a,l]pyrene-11,12-epoxide (DBPE). The 
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second step deals with the microsomal epoxide hydrolase (mEH), which converts DBPE into 

the dibenzo[a,l]pyrene-11,12-dihydrodiol (DBPD). In the final step again CYP isozymes 

transforms DBPD to its ultimate carcinogenic metabolites dibenzo[a,l]pyrene-11,12-

dihydrodiol-13,14-epoxide (DBPDE) [5,6]. The most potent metabolite DBPDE known among 

other PAHs reported to date exerts more breast cancer-causing propensities than other human 

cancers [7,8].  

CYPs have been gaining significant attention from scientists worldwide because of their 

diverse role in the metabolism of various chemicals, pollutants, food contaminants, drugs, and 

other xenobiotics, facilitating phase II metabolizing enzymes in their detoxification, thereby 

preventing undesired effect on human health. However, most PAHs yield reactive carcinogenic 

metabolites mitigating carcinogenic phenomena upon bioactivation through CYPs [8-11]. 

More than 70% biotransformation of PAHs undergo through CYP1A1, 1A2, 1B1, 2A6, 2E1, 

and 3A4 [12].  

CYPs are heme-containing monooxygenase enzymes representing more than 13,000 

and 400 genes under superfamily and family heads across all the kingdoms known. In humans, 

about 57 genes and 58 pseudogenes related to various families (18) and subfamilies (44) have 

been reported [9]. CYPs can be categorized in many ways. CYPs play a role in detoxification 

of various chemical compounds, endogenous substance biosynthesis, membrane-attached as in 

higher organisms, and soluble types lower organisms. CYPs of higher organisms found in the 

endoplasmic reticulum (ER) felicitates via the flavin adenine dinucleotide (FAD) and flavin 

mononucleotide (FMN) reductase systems. The electron transfer process in prokaryotes and 

mitochondrial CYPs succeeds through FAD reductase and iron-sulfur cascaded systems. CYPs 

performing multiple unrelated functions, e.g., biosynthesis of endogenous compounds, are 

referred to as moonlighting,  while those playing a role in xenobiotic metabolism are known as 

non-moonlighting enzymes [8,9].   (p/CIP), and general transcription factors (GTFs) succeed 

through the interaction of TATA-binding protein (TBP) and RNA polymerase II inducing 

CYPs enzymes, which later metabolize DBP into its most hazardous carcinogenic intermediate 

DBPDE [9,13,14].  

Bioactivation of DBP occurs through coupling with the aryl hydrocarbon receptor 

(AhR), as happens in most PAHs, including the prototype PAH benzo[a]pyrene (BP). Upon 

DBP binding, the AhR detaches from its complex regulating and activating partners viz., aryl 

hydrocarbon receptor-interacting protein (AIP), heat shock protein 90 (Hsp90), and p23 

(coactivator of Hsp90/70- chaperone system) and moves to the nucleus. The DBP-AhR 

complex binds with AhR nuclear translocator (ARNT). The DBP-AhR-ARNT complex 

activates through the phosphorylation of tyrosine amino acids at the C-terminus of AhR. 

Further, AhR-ARNT identifies xenobiotic response elements (XREs) on their respective CYPs 

promoter sites to modulate their genes. The genes for CYP1A1, 1A2, 1B1 enzymes mitigate 

through the molecular interaction of various coactivators and transcription-regulating factors 

viz., specificity protein 1 (Sp1), p300, co-integrator-associated protein 

The study aims to inhibit CYP1A1, 1A2, and 1B1 by novel lead molecules, thereby 

preventing carcinogenic DBPDE -induced mammary cancer. Alpha-naphthoflavone (ANF), a 

known inhibitor of selected CYPs, was used as a template to find out potential lead molecules 

using integrated computational and bioinformatics approaches viz., high-throughput ligand-

based virtual screening (LBVS), drug-likeness filtration, docking studies, and MD simulations 

(MDS). Post docking analysis of top hits, dynamics simulation, and their comparison with 

known inhibitor ANF yield one of the best lead molecules, succeeded through (3-(4, 5-
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dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) (MTT) and enzyme inhibition assays. 

The study's findings uncover substantial mechanistic insight into the targeted therapy and 

prevention of PAH-induced mammary malignancies. 

2. Materials and Methods 

2.1. CYP isozymes 3D structure retrieval. 

The 3D crystal structure of CYP1A1 (4I8V), CYP1A2 (2HI4), and CYP1B1 (3PM0) 

complexed with ANF (CID: 11790) retrieved from research collaboratory for structural 

bioinformatics (RCSB) protein data bank (PDB) (https://www.rcsb.org/). ANF ligand 

truncated from the complex and apoprotein. The heme group considered making input files 

compatible for molecular interactions via truncating unwanted heteroatoms, ions, and 

molecules. The 3D coordinates of co-complexed ANF carried forward to study identified new 

chemical molecules. The relevant force field and energy optimization algorithm was employed 

to get proteins energetically minimized and optimized [15,16]. 

2.2. Virtual screening, ADMET analysis, and optimization. 

The hybrid technique, including molecular fingerprints, electro shape, spectrophores, 

shape IT, and align IT of LBVS approach searched various hits akin to the ANF molecule from 

publically available virtual databases viz., DrugBank, ChEMBL of EMBL-EBI, Chemical 

Entities of Biological Interest (ChEBI) database, GPCR-Ligand Association  (GLASS) 

database, Human Metabolome Database (HMDB), and ZINC database [17,18]. The identified 

ligands were tested on Lipinski rule of five (RO5) (Molecular weight <=500 Da; HBD <=5; 

HBA<=10; logP <= 5). The RO5-satisfied ligands sifted through absorption, distribution, 

metabolism, elimination, and toxicity (ADMET) descriptors using the PreADMET server [19-

22]. Ligands succeeded ADMET descriptors were prepared for molecular interaction studies 

by assigning suitable energy minimization and optimization algorithms [15,16]. 

2.3. Molecular docking. 

Molecular interaction of selected ligands with CYP isozymes carried out 

using AutoDock Tools 4.0 (ADT) to get plausible binding mode. Four input files viz., pdbqt 

files of both ligand and protein, grid parameter file, and docking parameter file prepared to 

execute ADT. The grid was generated in such a way so that the ligand gets enough space to 

move within it freely. 62 Å grid points separated each x, y, z axes, and spacing between the 

two grids set at 0.92 Å. Twenty runs for each ligand molecule employed in ADT. Post docking 

analysis depicted one of the ligand's best conformations with minimum binding energy (ΔG) 

carried forward for further molecular simulation analysis [23-25].  

2.4. MD simulation. 

MDS of 50 ns was employed to assess the flexibility and stability of CHEMBL1, 2, and 

3 with CYP1A1, 1A2, and 1B1 enzyme respectively at 300 K using Groningen Machine For 

Chemical Simulations (GROMACS) package. The PRODRG server was used to generate 

topology and force-field parameter (ffp) files of all ligands. CYP1A1-ANF, CYP1A2-ANF, 

CYP1B1-ANF, CYP1A1-CHEMBL1, CYP1A2-CHEMBL2, and CYP1B1-CHEMBL3 

complexes were absorbed in an orthorhombic water box at  10 Å edge settings. The Na+ and 
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Cl- ions were added as a neutralizing agent and to preserve 0.15 M physiologic concentration. 

The prepared system was energetically minimized at 2000 steps using the steepest descent 

algorithm. Two phases viz., NVT (constant number of particles, volume, and temperature) and 

NPT (constant number of particles, pressure, and temperature) ensembles were utilized to 

achieve the equilibration process. Post equilibration, the smooth particle-mesh-Ewald 

technique was used, followed by the execution of production phases of 50 ns duration. Analysis 

of all trajectories was accomplished through different GROMACS command utilities [26-28].  

2.5. Chemicals and reagents. 

Chemical compounds CHEMBL1 (6-iodo-4'-methoxyflavone), CHEMBL2 (3',4'-

dimethoxy-alpha-naphthoflavone), and CHEMBL3 (6-fluoroflavone) were obtained from 

Sigma-Aldrich St. Louis, MO. MCF-7 cell line from NCCS Pune India, PBS, penicillin, 

streptomycin, and MTT dye from HiMedia Laboratories India, ANF (7,8-benzoflavone), 

EMEM, FBS, and DMSO was procured from Sigma-Aldrich St. Louis, MO. 

2.6. Cell culture. 

The MCF-7 cells were maintained in EMEM supplemented with 10% FBS, 0.01 mg/ml 

insulin, and 1% penicillin/streptomycin.  

2.7. MTT cell viability assay. 

Using the MTT dye, colorimetric cell viability assays were conducted according to the 

manufacturer's protocol [29]. The mitochondrial dehydrogenases in viable cells reduced the 

tetrazolium ring of MTT, converting the yellow-colored MTT to purple formazan crystals. For 

each well, 5000 cells per were seeded in a 96-well plate, allowed to attach overnight, and then 

treated with ANF (0-100 μM) or CHEMBL1, CHEMBL2, and CHEMBL3 (0-100 μM) for 24 

h. Cell viability was quantified at 540 nm using the BioTek plate reader (BioTek, Winooski, 

VT). Data were normalized to the vehicle control, DMSO, and collected from three 

independent experiments. 

2.8. In vitro CYP450 enzyme assay. 

For in vitro CYP450 enzyme assay, MCF-7 (1 x 106) were seeded in triplicates in black 

96-well plates with transparent bottom. The test compounds at various concentrations (from 1-

1000 nM) were added to the wells, followed by incubation at 37°C, 5% CO2 for 30 min. After 

incubation, a fluorogenic substrate 7-ER (7-Ethoxyresorufin) for CYP1A1, CYP1B1, and CEC 

(3-cyano-7-ethoxycoumarin) for CYP1A2 was added at five μM concentration to the wells, 

and contents mixed by shaking. The plate was read on a plate reader (Biotek, Synergy HT) for 

60 min using suitable wavelengths for emission/excitation of the fluorescence products formed. 

Data were normalized to vehicle control, DMSO and collected from three independent 

experiments. 

2.9. Statistical analysis. 

Statistical analyses of the experimental data were performed using GraphPad Prism8, 

GraphPad Software, Inc., La Jolla, CA, USA. Either the two-sided t-test or one-way analysis 
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of variance (ANOVA) was performed. The value p<0.01 was considered significant. The flow 

chart of the adopted methodology is shown in Figure 1. 

 

Figure 1. Flow chart of the adopted methodology. 

3. Results and Discussion 

3.1. Drug-likeness and ADMET filtration. 

LBVS predicted 38,000 chemical hits out of  11,175,625 compounds of various virtual 

libraries of the SwissSimilarity database [18]. The RO5 filtration yielded 38,000 molecules, in 

which 400 molecules succeeded for HIA (human intestinal absorption; activity range: poorly- 

0~20%, moderate- 20~70%, high- 70~100%), BBB (blood-brain barrier; CNS active 

compounds (+): >1, CNS inactive compounds (-): <1), PPB (plasma protein binding; chemicals 

strongly bound > 90%, chemicals weakly bound < 90%), MDCK (Madin-Darby canine kidney; 

lower-< 25, moderate-5~500, Higher- > 500) cell permeability, heterogeneous human 

epithelial Caco2 cell permeability (lower-<4, moderate-4~70, higher->70), and mutagenicity 

and carcinogenicity rat and mouse models filtering non-toxic compounds as ADMET 

descriptors [30].  

3.2. Molecular docking and MD simulation. 

ADMET-satisfied compounds (400) akin to the ANF were subjected to dock with each 

CYP1A1, 1A2, and 1B1 predicting the most probable binding interactions. DBPD and ANF 

exhibited ΔG values of -7.12 kcal/mol, and -9.13 kcal/mol with CYP1A1, -9.93 kcal/mol, and 

-9.66 kcal/mol with CYP1A2, -10.08 kcal/mol, -9.67 kcal/mol with CYP1B1 respectively. 

Respectively, 83, 32, and 30 ligands comparatively depicted better interactions in terms of free 
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energy of binding  ΔG (kcal/mol) with CYP1A1, 1A2, and 1B1. Docking analysis of the top 

10 ligands with each CYP isozyme is shown in Table 1-3. 

Table 1. Molecular interactions of top 10 ligands, ANF, and DBPD with CYP1A1. 

S. No. Ligands ADT 

(ΔG)  

H-bonds 

01. CHEMBL224064 -10.52 V387- HN…O12-LIG, R396-HE…O12-LIG 

02. CHEMBL2420082 -09.99 S87- HG…O-LIG 

03. CHEMBL2420083 -10.46 S87- HG…O-LIG 

04. CHEMBL2420094 -10.35 S87- HG…O-LIG 

05. CHEMBL2420096 -10.04 D285- OD1…H-LIG 

06. CHEMBL2420099 -09.85 S87- HG…O-LIG 

07. CHEMBL2431801 -09.99 S87- HG…O-LIG 

08. CHEMBL595616 -10.28 D285- OD1…H-LIG, I414- O…H-LIG 

09. CHEMBL595631 -10.12 W96- HE1…N-LIG, R420- HH11…N-LIG 

10. CHEMBL487213 -09.87 S87- HG…O-LIG 

11. ANF -09.13 Nil 

12. DBPD -07.12 V453-NH…O2-LIG 

Table 2. Molecular interactions of top 10 ligands, ANF, and DBPD with CYP1A2. 

S. No. Ligands ADT 

(ΔG) 

H-bonds 

01. CHEMBL2420091 -10.45 R75-HH12…O-LIG 

02. CHEMBL2420094 -10.58 R219-HH12…O-LIG 

03. CHEMBL595616 -10.73 R423-O…H-LIG, D287-OD1…H-LIG 

04. CHEMBL2331821 -10.42 R75-HH12…O-LIG 

05. CHEMBL2420097 -10.65 R75-HH12…O-LIG 

06. CHEMBL2431801 -10.48 R75-HH12…O-LIG 

07. CHEMBL2420083 -10.82 G14-NH…O5-LIG 

08. CHEMBL2420100 -10.76 N157-HD2…O-LIG, R219-HH21…O-LIG 

09. CHEMBL127267 -10.57 I353-H…N-LIG 

10. CHEMBL2431819 -10.52 I426-H…O-LIG 

11. ANF -09.66 R263-NH…O1-LIG 

12. DBPD -09.93 A102-O…H42-LIG 

Table 3. Molecular interactions of top 10 ligands, ANF, and DBPD with CYP1B1. 

S. No. Ligands ADT 

(ΔG)  

H-bonds 

01. CHEMBL61745 -10.81 N353-HE2…F-LIG 

02. CHEMBL241830 -10.44 E162-H…O-LIG 

03. CHEMBL2420091 -10.46 R50-HH12…O2-LIG, I391-O…H-LIG 

04. CHEMBL2420099 -10.51 D262-OD2…H-LIG 

05. CHEMBL595616 -10.55 D262-OD2…H-LIG 

06. CHEMBL595631 -10.68 D262-OD2…H-LIG 

07. CHEMBL2420097 -10.63 D262-OD2…H-LIG 

08. CHEMBL2393069 -10.78 D255-OD2…H-LIG 

09. CHEMBL595407 -10.58 I391-O…H-LIG 

10. CHEMBL288714 -10.55 K383-HZ1…N-LIG 

11. ANF -09.67 R373-HH12…O2-LIG 

12. DBPD -10.08 W354-HE1…O2-LIG 

Ligands tabulated showing a more significant binding affinity than the ANF and DBPD 

with their respective CYP1A1, 1A2, and 1B1 isozymes. Among all ligands, CHEMBL224064 

(CHEMBL1) exhibited better interaction with CYP1A1 (ΔG: -10.52 kcal/mol) along with two 

H-bonds  (V387-HN…O12-LIG, R396-HE…O12-LIG), supporting the stability of the docked 

molecule. The detailed molecular interactions of CHEMBL1, ANF, and DBPD with CYP1A1 

are illustrated in Ligplot [31] (Figure 2). 
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Figure 2. The 2D Ligplot of CYP1A1 with CHEMBL1, DBPD, and ANF. Dashed lines (green) and arcs, 

respectively, represent H-bonds and hydrophobic contacts. 

CHEMBL1 is also found more close to the heme group in comparison to DBPD and 

ANF. DBPD forms one H bond (V453-NH…O2-LIG), while hydrophobic residues are in close 

contact with ANF without any H-bond. Likewise, CHEMBL2 displayed strong interaction with 

CYP1A2 (ΔG: -10.82 kcal/mol) with one H-bond (G14-NH…O5-LIG), making the docked 

complex stable. Moreover, it is also fitted to the cleft of heme compared to DBPD and ANF. 

One H-bond is also formed by each DBPD (A102-O…H42-LIG) and ANF (R263-NH…O1 

LIG). The detailed illustration of CHEMBL2, DBPD, and ANF with CYP1A2 is given in 

Figure 3. 

Similar to the CHEMBL1 and 2, CHEMBL3 interacted more efficiently to CYP1B1 

(ΔG: -10.81 kcal/mol), rendering the docked complex stable with one H-bond (N353-HE2…F-

LIG) formation. Additionally, it is also anchored near to heme, unlike DBPD and ANF.  W354 

and R263 form H-bond with respectively second and first oxygen of DBPD and ANF. Ten 

amino acid residues of CYP1B1, namely- arginine50, methionine65, threonine327, 

isoleucine328, glutamine353, isoleucine391, serine393, arginine397, cysteine399, and 

isoleucine400, exhibited significant interactions with both ligand CHEMBL3 and heme-

conjugated ring system. The detailed molecular interaction of CHEMBL3, DBPD, and ANF 

with CYP1B1 is exemplified in Figure 4. 

Most of the residues of CYP1B1 are showing similar interactions with its heme group 

and CHEMBL3, along with the substantial free energy of binding (ΔG: -10.81 kcal/mol). 

CHEMBL2393069 also exhibited strong interaction having -10.78 kcal/mol free energy of 

binding along with one H-bond formation (D255-OD2…H-LIG). Therefore,  MDS of 50 ns 

for the complexes CYP1B1-CHEMBL3, CHEMBL2393069, DBPD, and known inhibitor 

ANF were executed to foresee the stability of docked molecules. 
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Figure 3. The 2D Ligplot of CYP1A2 with CHEMBL2, DBPD, and ANF. Dashed lines (green) and arcs, 

respectively, represent H-bonds and hydrophobic contacts. 

 
Figure 4. The 2D Ligplot of CYP1B1 with CHEMBL3, DBPD, and ANF. Dashed lines (green) and arcs, 

respectively, represent H-bonds and hydrophobic contacts. Encircled residues are showing common interactions 

with the heme-conjugated ring system and ligand CHEMBL3. 
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The root-mean-square deviation (RMSD) plot showcases ligands-protein docked 

complexes' stability [32]. The RMSD graph reveals that the CYP1B1-CHEMBL3 complex is 

in a more stable form, followed by CHEMBL2393069, ANF, and DBPD. The root-mean-

square fluctuation (RMSF) aims to determine the stability of complexes during the entire time-

scale of MDS [33]. The solvent-accessible surface area (SASA) exposes the target protein's 

surface area accessible by the solvent molecule [34]. The RMSD, RMSF, and SASA plots favor 

the CYP1B1-CHEMBL3 complex's stability compared to CHEMBL2393069, DBPD, and 

ANF (Figure 5a-c).  

 
Figure 5. MD simulation of ligands binding to the CYP1B1 (a) RMSD plot as a function of time. Magenta, red, 

blue, and black colors represent CHEMBL3, CHEMBL2393069, DBPD, and ANF, respectively; (b) RMSF plot 

for CHEMBL3 (pink), CHEMBL2393069 (saffron), DBPD (blue), and ANF (black); (c) SASA plot for 

CHEMBL3 (green), CHEMBL2393069 (saffron), DBPD (blue), and ANF (black). 

3.3. MTT assay. 

The lead compounds CHEMBL1, 2, and 3 identified via in silico strategies were tested 

for their in vitro antiproliferative activity against the human breast cancer cell line MCF-7 at 

different concentrations (0-100 µM) by MTT assay. The cell inhibition percentages of tested 

compounds were determined after measuring at 24 hours of exposure. The CHEMBL1 showed 

a 50% cytotoxic effect on the MCF-7 cell line at 29.69 µM, and CHEMBL2 showed the 

cytotoxic effect at 13.56 µM, whereas CHEMBL3 showed 50% cytotoxic effect on MCF-7 cell 

line at 8.36 µM (Figure 6a-c). As shown in Figure 6a-c, compounds 1, 2, and 3 were found to 

inhibit the growth of breast cancer cell line MCF-7 potently, and its activity was significantly 

different from ANF at 25, 50, and 100 µM doses [35-38]. Moreover, the MTT assay results 

suggested that CHEMBL3 was found to be the most potent against the MCF-7 cell line (Figure 

6c) and could be probed further to delineate its strong anti-cancer potential. 
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Figure 6. Dose-dependent inhibition of cell viability of breast cancer cell line MCF-7 by alpha-naphthoflavone 

(ANF) and (a) CHEMBL1; (b) CHEMBL2; (c) CHEMBL3. The data is Mean±SD of three independent 

experiments repeated thrice (*p<0.01, **p<0.001 were considered significant; ns represents non-significant). 

 
Figure 7. Enzyme inhibition activity in breast cancer cell line MCF-7 (a) CYP1A1 by CHEMBL1, (b) CYP1A2 

by CHEMBL2, and (c) CYP1B1 by CHEMBL3. The ANF was taken as a known inhibitor of CYP1A1, 1A2, 

and 1B1 isozymes. The data is Mean±SD of three independent experiments repeated thrice (*p<0.01, **p<0.001 

were considered significant; ns represents non-significant). 
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3.4. Enzyme inhibition assay. 

The inhibition of various CYP enzyme activity by CHEMBL1, 2, and 3 were measured 

using a specific substrate described in Materials and Methods. Our results have shown that 

CHEMBL1, 2, and 3 inhibited CYP1A1, CYP1A2, and CYP1B1 enzyme activity in a 

dose‑dependent manner [39,40]. CHEMBL1 (50-1000 nM) significantly inhibited CYP1A1 

activity, and the inhibition was significantly different from ANF, a known CYP1A1 inhibitor, 

at 100, 200, and 500 nM doses. Similarly, CHEMBL2 (50-1000 nM) showed potent inhibition 

of CYP1A2  activity, and the reduction in the activity was significantly different from ANF at 

100, 200, and 500nM doses. Moreover, CHEMBL3 (50-1000 nM) potently inhibited the 

CYP1B1 activity, and the inhibition was significantly different from ANF at 100, 200, and 500 

nM doses. Therefore, our results suggest that inhibition of CYP1A1, CYP1A2, and CYP1B1 

enzymes by our proposed compounds could prevent DBP-induced mammary cancer because 

of suppression of carcinogenic activation of DBP (Figure 7a-c). 

4. Conclusions   

AhR and its other associated proteins facilitate the biotransformation of DBP, as shown 

in Figure 3. CHEMBL1 (6-iodo-4'-methoxyflavone), CHEMBL2 (3',4'-dimethoxy-alpha-

naphthoflavone), and CHEMBL3 (6-fluoroflavone) exhibited better molecular interactions 

with CYP1A1, CYP1A2, and CYP1B1, respectively, as shown by in silico findings viz., 

molecular docking and MD simulation analysis. These compounds were found docked into the 

binding pocket of their respective targets with excellent binding pattern and orientation, 

thereby establishing strong bonded and non-bonded molecular interactions compared to DBPD 

and ANF. The proximity of lead molecules near the heme-ring system's cleft might disturb the 

consensus motif signature of selected metabolizing enzymes, thus inhibiting the formation of 

carcinogenic metabolites. Moreover, in vitro experiments, including MTT and enzyme 

inhibition assays, validate and elucidate the structural mechanistic perspectives of CHEMBL1, 

2, and 3. Thus, these compounds having potential inhibition properties might be used as 

promising lead molecules against CYP1A1, 1A2, and 1B1 isozymes.  
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