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Abstract:  

Introduction: The efficiency of heterocyclic compounds as potential vascular endothelial growth factor 

inhibitor has drawn the attention of scientists globally.  

Objective of study: this work is aimed at identifying the most proficient anticancer cyclopentane-

anthraquinone based compound via density functional theory and molecular modeling analysis. 

Method: In this work, the inhibiting capacities of cyclopentane-anthraquinone based compounds were 

examined using insilico method. The optimization was carried out using density functional theory and the 

molecular modeling studies were executed via induce fit docking and molecular dynamics simulation 

methods. 

Result: Compound 13 among other compounds have highest binding affinity compared to 5-FU (Standard) 

via induce fit docking study; however, the report by binding energy, root mean square deviation and root 

mean square fluctuation via molecular dynamic simulation study revealed otherwise. The pharmacokinetic 

study on compound 13 and 5-FU was examined and reported. Conclusion: These discoveries may provide 

perception into developing more potent potential library of drug-like triazole-based compounds as 

proficient anti-diabetic agents. 
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  Introduction 

 Cancer remains an unrestrained 

multiplication of cells and the establishment of 

initial stage of tumor which possess the ability to 

negatively affect neighboring nerves [1, 2]. 

According to report by Karatoprak et al., 2022, it 

was described as an irregularity which exists in 

cell configuration due to chromosomal 

modifications [3]. Globally, cancer has been rated 

to be second in position among other ailments 

which cause mortality and this has been observed 

to be a function of speed and energetic advance 

processes in human body system [4]. In cancer 

study, several positive advances have been 

recorded, but, resistance to potential anti-cancer 

agents observed in many cancer patients have 

been described to diminish the feat of this 

advancements [5, 6]; thus, the need for efficient 

and reliable anticancer agent is vital so as to give 

lasting solution to this menace. 

Vascular endothelial growth factor has 

been reported by many scientists to play a crucial 

part in the formation of blood container [7, 8]. 

According to Iraj et al., 2023, VEGF has series of 

sub categories such VEGF-A, VEGF-B, VEGF-

C, VEGFD, VEGFE, VEGF-F as well as 

placental growth factor [9] and report have shown 

that VEGF family comprises of eight cysteine 

residues and all these residues are sealed at static 

spot that are associated to PDGF family [10]. 

Also, this enzyme has the ability to act as 

controlling agent of this vital process. It 

comprises of various chemical compounds with 

special tasks. Promotion of endothelial cell 

development, movement and subsistence from 

original blood vessels has been attributed to 

instigating VEGF which prompts a system of 

signaling practices [11, 12]. 

The reports on biological activities of 

heterocycles have confirmed the proficiency of 

heterocyclic compounds [13]. Combination of 

compounds such as cyclopentane-anthraquinone 

based compounds consists of cyclopentane and 

anthraquinone. These sets of compounds have 

been reported to be biologically active as 

antitumor, anti-diabetic and antioxidant agents 

[14-16]. Thus, this work is aimed at identifying 

the most proficient anticancer cyclopentane-

anthraquinone based compound via density 

functional theory and molecular modeling 

analysis. 

 Methodology 
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Ligand and Receptor Preparation 

The studied ligands [17] (table 1) were 

modeled in a 2-dimensional format using 

ChemDraw (level: professional; version: 

22.2.0.3300) [18] and the modeled compounds 

were transformed into 3-dimensional format 

which were further optimized using Spartan 14 

software [19]. Several factors in different 

segments were considered for the calculation of 

the studied compounds such as Calculate 

(equilibrium geometry at ground state with 

density functional via 6-31G** as basis set in 

vacuum). Also, the calculation started from 

current geometry and the total charge was 

observed to be neutral with unpaired electron 

which was also zero. The duration for the 

completion of optimization was observed to be 

due to atoms in the heterocycles, the bond 

involved, the method used for calculation as well 

as the basis set used. The features obtained from 

the optimized compounds were obtained and 

presented for further study.  

Vascular endothelial growth factor (pdb 

id: 2vpf) [20] was retrieved from protein data 

bank and the studied protein sequence was edited 

using sequence editor (an embedded tool in 

molecular operating environment software) 

before subjecting it to Quickprep tool for treating 

and preparing the studied protein structure. The 

binding site was located using site finder and five 

(5) binding sites were predicted. The factors 

considered for each predicted site were 

propensity for ligand binding (PLB), size, 

hydrophobic regions, sides, as well as the amino 

acid residues (Table 2). The treated and prepared 

protein structure was saved in .moe format before 

docking calculation using induced fit method. 

The obtained results from docked complexes 

were presented in kcal/mol and the types of 

interactions involved in the docked complexes 

were displayed and reported. 

Molecular Dynamic Simulation Analysis 

Compound 13- vascular endothelial 

growth factor complex and 5-Fluorouracil- 

vascular endothelial growth factor complex were 

selected for molecular dynamic simulation study. 

Compound 13 was selected as the compound with 

highest binding affinity among all the studied 

compounds while 5-Fluorouracil served as the 

reference compound. The parameterization for 

the selected compounds was accomplished via 

Swissparam software 
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(https://www.swissparam.ch/) [21] and diverse 

formats were obtained. In this study, appropriate 

force field (Charmm36m) in Gromacs software 

[22, 23] was chosen for simulation. Also, suitable 

quantity of water molecules was added to the 

simulating system so as to accomplish solvation. 

More so, proper ions were added at persistent 

pressure and temperature. The final simulation 

was executed via 100nanoseconds and the 

obtained results were reported accordingly. 

   Calculation of Pharmacokinetic Properties of 

Selected Compounds 

The features obtained for Lipinski rule of 

five and other pharmacokinetic properties for 

compound 13 and the referenced compounds 

were observed and reported. ADMETSar 1 [24] 

was employed to execute this analysis and the 

reported results were presented appropriately. 

 

Table 1: Two dimensional structure of the studied cyclopentane-anthraquinone based compounds 

(1) 

(2) 

(3) 

(4) 
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(5) 
(6) 

(7) (8) 

(9) 

(10) 

(11) (12) 
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(13) 

(14) 

(15) 

 

(16) 

 

(17) 

(18) 

 

Table 2: Predicted binding sites obtained from Tyrosine Phosphatase-L1 

Site Size PLB Hyd Side Residues 

1 22  1.95   16   20 1:(ASP34 ILE35 PHE36 GLU42 ILE43 TYR45 ILE46 PHE47 

SER50) 

2 7 -0.22    9   17 1:(GLU38 TYR39 ARG56 ASN75 SER95 PHE96 LEU97) 

3 19 -0.24    2    6 1:(GLY59 CYS60 CYS61 ASN62 ASP63 GLU64 LEU66 GLU67 

CYS68) 

4    3 -0.70    2    4 1:(ARG23 SER24 HIS27 ILE29) 

5 11 -0.78    6   11 1:(THR71 LYS101 CYS102 GLU103) 
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 Results and Discussion 

Structural Features for studied compounds 

 The potential reactivity of cyclopentane-

anthraquinone based compounds could be 

attributed to the calculated features obtained from 

the optimized studied compounds. According to 

Semire et al., 2012, [25] any chemical compound 

with highest HOMO energy value stands a 

chance of reacting better than other studied 

compounds while molecule with lowest LUMO 

value have highest tendency to receive electron 

which thereby increase it chance of reacting 

better than other studied compounds. Therefore, 

compound 13 have highest HOMO value and 

1,4'-bipiperidine as derivative attached to the 

parent compound proved to have enhanced the 

reactivity and donating of electron of compound 

13. Also, compound 4 and 18 with lowest LUMO 

value proved to have a potential ability to react 

well than other studied ligands and this claim was 

in agreement with the work carried out by Waziri 

et al., 2024 [26]. 

 More so, the report by Abdulazeez et al., 

2016 and Pegu et al., 2017, [27, 28] revealed that 

energy gap exposes the reactivity and stability 

indices of any compounds. Also, the 

spectroscopic features of any studied complexes 

intensely rely on it calculated energy gap. 

According to Migahed et al., 2016 [29] optimized 

ligand with lowest energy gap have every 

tendency to be polarized effortlessly and react 

well than other studied compounds; therefore, 

compound 13 possess ability to be softer and 

react with receptor/neighboring compounds than 

other compounds under study (Table 3). The 

calculated Lipophilicity (log p) for all the studied 

compounds were ≤ 5 which was set to be the 

standard for calculated log p [30]. This showed 

that all the studied compounds have the ability to 

act as drug agent. Also, table 3 showed other 

calculated features obtained from the optimized 

studied compounds.  

 

Table 3: Calculated Features from the optimized cyclopentane-anthraquinone based compounds  
EH EL EGap DM Mol Wei Polar Sur. 

Area 

Ovality LOG P 

1 -5.90 -2.91 2.99 4.67 378.384 94.502 1.51 -2.08 

2 -5.81 -2.83 2.98 3.23 392.411 95.491 1.51 -2.09 

3 -5.80 -2.82 2.98 2.91 392.411 95.602 1.51 -2.09 

4 -5.88 -2.92 2.96 4.48 392.411 92.773 1.52 -1.80 

5 -5.84 -2.85 2.99 3.26 392.411 92.752 1.52 -1.80 

6 -5.77 -2.80 2.97 3.07 407.426 120.048 1.53 -3.28 

7 -5.84 -2.85 2.99 3.55 392.411 83.231 1.50 -1.83 

8 -5.84 -2.85 2.99 3.54 406.438 73.152 1.52 -1.45 

9 -5.86 -2.88 2.98 3.60 406.438 95.141 1.52 -1.81 

10 -5.88 -2.89 2.99 4.50 406.438 92.447 1.54 -1.52 

11 -5.87 -2.88 2.99 2.79 406.438 92.404 1.54 -1.52 
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12 -5.88 -2.89 2.99 3.25 420.465 104.431 1.57 -1.50 

13 -5.70 -2.85 2.85 4.03 474.557 72.790 1.60 -0.18 

14 -5.77 -2.89 2.88 3.05 432.476 82.993 1.55 -1.26 

15 -5.89 -2.91 2.98 4.00 366.373 105.520 1.51 -2.34 

16 -5.89 -2.90 2.99 4.53 380.400 105.456 1.54 -2.06 

17 -5.89 -2.90 2.99 3.63 409.442 120.592 1.57 -3.00 

18 -5.91 -2.92 2.99 3.70 411.410 108.437 1.57 -2.11 

 Induced fit Molecular Docking Analysis 

 Eighteen cyclopentane-anthraquinone 

based compounds were docked against vascular 

endothelial growth factor (pdb id: 2vpf) and the 

calculated binding affinity as well as the amino 

acid residues and the involved types of 

nonbonding interaction were reported in Table 4. 

According to Ruddarraju et al., 2016, [31] 

induced fit molecular docking study predicts the 

inhibiting proficiency of chemical compounds. 

As shown in table 4, different scoring values as 

well as predicted amino acid residues with 

various types of interactions were observed for 

docked compound 1-18. The calculated scoring 

value for individual studied docked complex was 

compared with the scoring of the docked 

reference compound.  

The calculated binding affinity was -

5.4552393 kcal/mol for compound 1, -

5.67925215 kcal/mol compound 2, -5.63414669 

kcal/mol compound 3, -5.67842102 kcal/mol 

compound 4, -5.70559978 kcal/mol compound 5, 

-5.67465687 kcal/mol compound 6, -5.61930895 

kcal/mol compound 7 -5.62658787 kcal/mol 

compound 8, -5.58630705 kcal/mol compound 9, 

-5.64910364 kcal/mol compound 10, -

5.92183352 kcal/mol compound 11, -5.73948622 

kcal/mol compound 12, -6.19048309 kcal/mol 

compound 13, -5.69344139 kcal/mol for 

compound 14, -5.32146502 kcal/mol for 

compound 15, -5.65927029 kcal/mol for 

compound 16, -5.65706158 kcal/mol for 

compound 17, and -5.90476322 kcal/mol for 

compound 18. According to Morakinyo et al., 

2024, the lower the calculated binding affinity 

value, the stronger the ability of the molecule to 

inhibit the target [32]; therefore, compound 13 

with lowest scoring value have the greatest 

tendency to inhibit vascular endothelia growth 

factor. This was in agreement with the report by 

Oyebamiji et al., 2024 [33] that compound with 

lowest scoring value have highest chance of 

inhibiting the target; thus compound 13 was 

predicted to have capability to inhibit the target 

better than other studied cyclopentane-

anthraquinone based compounds and the 

referenced compound.  

More so, the amino acid as well as the 

non-bonding interactions present in the docked 

complexes were CYS 102 (H-acceptor) for 

compound 1-2vpf complex (Figure 1); VAL 69 

(pi-H) for compound 2-2vpf complex (Figure 2); 

CYS 102 (H-acceptor) for compound 3-2vpf 

complex (Figure 3); CYS 104 (H-acceptor), CYS 
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102, H-acceptor for compound 4-2vpf complex 

(Figure 4); CYS 57 (H-donor), CYS 68 (H-

acceptor), CYS 60 (pi-H) for compound 6-2vpf 

complex (Figure 6); LEU 97 (H-acceptor) for 

compound 7-2vpf complex (Figure 7); GLY 59 

(H-donor), GLU 67 (pi-H), GLU 67 (pi-H) for 

compound 8-2vpf complex (Figure 8); CYS 102 

(H-acceptor) for compound 9-2vpf complex 

(Figure 9); HIS 27 (H-pi) compound 10-2vpf 

complex (Figure 10); LEU 97 (H-acceptor) for 

compound 12-2vpf complex (Figure 12); GLN 22 

(H-acceptor), HIS 27 (H-pi), TYR 25 (pi-pi) for 

compound 13-2vpf complex (Figure 13); CYS 

104 (H-donor), CYS 26 (H-donor), CYS 104 (H-

acceptor), CYS 102 (H-acceptor) for compound 

15-2vpf complex (Figure 15); ARG 23 (H-

donor), CYS 102 (H-acceptor), HIS 27 (H-pi) for 

compound 16-2vpf complex (Figure 16); GLN 22 

(H-acceptor) for compound 17-2vpf complex 

(Figure 17); CYS 61 (H-donor), CYS 68 (H-

acceptor) for compound 18-2vpf complex (Figure 

18). 

As shown in table 4, no non-bonding 

interaction was observed in compound 5-2vpf 

complex, compound 11-2vpf complex and 

compound 14-2vpf complex and this was 

pictorially presented in figure 4, 11, and 14

 

Table 4: Calculated scoring in kcal/mol and the predicted interactions 

 Scoring (kcal/mol) Amino Acid Residues and Interactions 

1 -5.4552393 CYS  102  (A);  H-acceptor 

2 -5.67925215 VAL  69   (A)  pi-H 

3 -5.63414669 CYS  102  (A)  H-acceptor 

4 -5.67842102 CYS  104  (A)  H-acceptor; CYS  102  (A)  H-acceptor 

5 -5.70559978 - 

6 -5.67465687 CYS  57   (A)  H-donor ; CYS  68   (A)  H-acceptor; CYS  

60   (A)  pi-H 

7 -5.61930895 LEU  97   (A)  H-acceptor 

8 -5.62658787 GLY  59   (A)  H-donor; GLU  67   (A)  pi-H; GLU  67   (A)  

pi-H 

9 -5.58630705 CYS  102  (A)  H-acceptor 

10 -5.64910364 HIS  27   (A)  H-pi 

11 -5.92183352 - 

12 -5.73948622 LEU  97   (A)  H-acceptor 

13 -6.19048309 GLN  22   (A)  H-acceptor; HIS  27   (A)  H-pi; TYR  25   

(A)  pi-pi 

14 -5.69344139 - 

15 -5.32146502 CYS  104  (A)  H-donor;      CYS  26   (A)  H-donor; 

CYS  104  (A)  H-acceptor ; CYS  102  (A)  H-acceptor 

16 -5.65927029 ARG  23   (A)  H-donor; CYS  102  (A)  H-acceptor; HIS  

27   (A)  H-pi 

17 -5.65706158 GLN  22   (A)  H-acceptor 

18 -5.90476322 CYS  61   (A)  H-donor;  CYS  68   (A)  H-acceptor 

Ref (5-FU) -4.06899166 - 
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Figure 1: 2D structure of docked compound 1-2vpf complex 

 

Figure 2: 2D structure of docked compound 2-2vpf complex 
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Figure 3: 2D structure of docked compound 3-2vpf complex 

 

Figure 4: 2D structure of docked compound 4-2vpf complex 
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Figure 5: 2D structure of docked compound 5-2vpf complex 

 

Figure 6: 2D structure of docked compound 6-2vpf complex 
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Figure 7 : 2D structure of docked compound 7-2vpf complex 

 

 

Figure 8: 2D structure of docked compound 8-2vpf complex 
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Figure 9: 2D structure of docked compound 9-2vpf complex 

 

Figure 10: 2D structure of docked compound 10-2vpf complex 
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Figure 11: 2D structure of docked compound 11-2vpf complex 

 

Figure 12: 2D structure of docked compound 12-2vpf complex 
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Figure 13: 2D structure of docked compound 13-2vpf complex 

 

Figure 14: 2D structure of docked compound 14-2vpf complex 
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Figure 15: 2D structure of docked compound 15-2vpf complex 

 

Figure 16: 2D structure of docked compound 16-2vpf complex 

 

Figure 17: 2D structure of docked compound 17-2vpf complex 
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Figure 18: 2D structure of docked compound 18-2vpf complex 

 Molecular Dynamic Simulation Study 

 In this work, three sections (Root mean 

square deviation (RMSD), root mean square 

fluctuation (RMSF) and actual binding energies 

for the studied complexes) were considered and 

reported on the compound with highest binding 

affinity and compared with the referenced 

compound. In this work, the actual inhibiting 

potency of compound 13 against the studied 

receptor (pdb id: 2vpf) was revealed and 

compared to the inhibiting ability of the 5-FU. 

The claim about the highest inhibiting tendency 

of compound 13 against the studied target via 

predicted binding affinity was proved to be 

otherwise via the studied molecular dynamic 

simulation study.  As shown in table 8, solvation 

free energy (ΔGsol) was observed to support the 

calculated result for the 5-FU, while van der 

Waals free and ΔGgas energies supported the 

calculated result for compound 13. However, the 

5-FU with 3.16kcal/mol has highest binding 

energy than the predicted binding energy for 

compound 13 and this revealed that the standard 

molecule can act as potential inhibitor of the 

investigated target (pdb id: 2vpf) than compound 

13. This report was supported by the predicted 

root mean square deviation and root mean square 

fluctuation (Figure 19 and 20). 

 

Table 8: Binding Energy Components  

 

Complexes 

Binding Energy Components (kcal/mol) 

ΔEvdw ΔEele ΔGgas ΔGsol ΔGbind 

Comp13-2vpf -15.08± 0.54 11.59± 0.7 -3.49± 0.86 12.81± 1.17 9.33± 0.48 
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Figure 19: Predicted RMSD for compound 13-2vpf and 5-2vpf  

REF-2vpf -4.77±0.39 115.54 ±1.29 110.76 ±1.01  -107.6 ± 1.26 3.16 ±0.85 
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Figure 20: Predicted RMSD for 5-FU-2vpf and 5-2vpf  

 Pharmacokinetics Study 

 In this work, six features were observed 

to investigate absorptive capability of the studied 

compounds. The factors were blood-brain barrier, 

human intestinal absorption, Caco-2 

permeability, p-glycoprotein substrate, p-

glycoprotein inhibitor and renal organic cation 

transporter. The report by Kalantzi et al., 2006 

[34] showed that any calculated human intestinal 

absorption value (calculated in %) below 30% 

signifies a low level of absorption in human 

system; thus, the calculated values for human 

intestinal absorption for the compound 13 and 5-

FU were above 30% and the is proved that they 

both have good absorption rate. Thus, as shown 

in supplementary table 1 and 2, compound 13 has 

higher absorption rate than 5-FU. 

The predicted value for blood-brain 

barrier for compound 13 and 5-FU were 0.8671 

and 0.9832 and this proved to be better since the 

predicted values were higher than 0.3. The 

predicted value for the selected compounds 

(0.7898 and 0.6609) for subcellular localization 

which described the distribution within human 

system prove to be good and they were observed 

to be higher than the referenced compound which 

agreed with the result reported by Speciale et al., 

2021 [35]. As shown in supplementary table 1 
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and 2 the distributing capability of compound 13 

was observed to be higher than 5-FU. In drug 

design, toxicity index is crucial and AMES 

toxicity was considered for compound 13 and 

referenced compound; thus, compound 13 is non-

toxic while reference compound proved to be 

toxic as presented in supplementary table 1 and 2 

[36-39]. Other factors considered were obtained 

and reported accordingly. 

 

Conclusion 

 Cyclopentane-anthraquinone based 

compounds were studied using density functional 

theory method, molecular modeling approach and 

pharmacokinetics study. The features obtained 

from the optimized compounds revealed the 

reactivity of these compounds. Compound 13 

proved to have highest ability to donate electron 

to the nearest compound as well as greatest ability 

to react well which were confirmed via highest 

HOMO and lowest energy gap. Also, the docking 

study revealed the ability of compound 13 (-

6.19048309 kcal/mol) to inhibit vascular 

endothelial growth factor (pdb id: 2vpf) than 

other studied compounds as well as 5-FU (-

4.06899166 kcal/mol). The 1,4'-bipiperidine 

attached to the parent compound was observed to 

have enhanced the biological activity and 

reactivity of compound 13. The actual binding 

energy components for compound 13-2vpf 

complex and 5-FU-2vpf complex validated the 

inhibiting capability of compound 13 and 5-FU 

against VEGF.  
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