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In most recent years, prostate cancer (PC) has been a common type of cancer that is 

confined to the prostate gland. Alpha-Pinene (AP) is one of the major complications 

for PC therapeutics as a hopeful chemotherapeutic drug for admin in hepatocellular 

carcinoma. Zhao et al. experienced the inhibitory potential of alpha-pinene on human 

prostate cancer in a mouse xenograft model. In this study, we have reported the design 

of a number of copper and other metal-dependent donepezil derivaties, employing 

density function theory (DFT). The designed compounds are optimized at the 

B3LYP/SDD level of theory. The subsequent analysis also investigates the dipole 

moment, electronic energy, enthalpies, Gibbs free energies, and HOMO-LUMO gaps 

of these adapted compounds. The molecules were at that time subjected to molecular 

docking analysis with alpha-pinene to revise the molecular connections broadly. For 

acquiring the best binding energy, it was used in the Autodock Vina Docking protocol. 

Ensemble-dependent docking and molecular dynamics (MD) simulations of the most 

candidates were also performed, such as Benzene (B), Napthalene (N), and -OCF3, -

OCCl3 groups. Docking and MD simulation reveal that modified drugs are more 

powerful than unmodified donepenzil, where 1h72, 4yc6, 6gu7, 3op3, and 6gu6 

residues take part in some important roles in drug-receptor connections. The AP-B 

derivated drug showed a requirement energy of -10.0 kcal/mol with protein 1h72 in the 

receptor M2 family compared to the key drug, which showed a requirement energy of -

6.7 kcal/mol with a similar protein. All the modified drugs showed considerable Homo-

Lumo, hermodynamic properties, and pharmacokinetics properties. These data strongly 

suggest that alpha-pinene inhibits prostate cancer development in a xenograft model 

and may be a helpful therapeutic mediator for prostate cancer action. 
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1. Introduction  

"Prostate cancer is one of the most common cancers affecting men, with over 1,100,000 new cases and 

300,000 deaths worldwide each year" [1,2]. The disease is more natural among older men, with a 

median age at analysis of around 60 years old. Surgical procedures and chemotherapy are the most 

commonly used clinical treatments for PC.As a result, it is critical to develop a novel and effective 

protective drug against human hepatoma. Pine needles, the leaves of the genus Pinus in the family 

Pinaceae, contain a substance that can restrain free radicals, control and promote body roles, improve 

health and reinforce protection. Pine needle oil is extracted from crude pine needles and can be used as 

an antitumor agent. "Herbal extracts can improve many types of treatment in cancer patients with 

minimal side effects" [3]. In modern years, it has gradually become a focus of attention in the use of 

plant extracts as phytomedicines. According to studies, the vast majority 

                                                                                      
Fig-1: Chemical structure of Αlpha-pinene drug 

of aromatic medicinal plants contain compounds with unique biological activities” [4]. It has been widely 

investigated the antibacterial, antioxidant, and potential anticancer activities of natural products extracted 

from plants in recent years. The most common terpene, Alpha-pinene is found in the plant world. It is an 

alkene and contains a reactive 4-member ring structure. “Different essential oils such as Levender 

angustifolia, Rosmarinus of fieinalis, Canarium tramdenanum, and Satureja myrtifolia”[5-7]. At a low 

revelation level, alpha-pinene is an effective bronchodilator that can be used for asthma treatment. 

“Experimental studies indicate that alpha-pinene is a natural compound that can show anti-tumor activity” 

[8-9]. “It exhibits anticancer activities via distinct molecular mechanisms, i.e., the regulation of cancer cell 

cycle regulation, antioxidation, the reduction of inflammation, and the induction of cell apoptosis.” [10-

12].                                                                                                                                                     From 

this study, we futher assessed that alpha-pinene would inhibit human prostate cancer growth in a mouse 

xeno graft model. We expected to observe indices of improved efficiency and lower tumor cell proliferation 

in the alpha-pinene treatment group. 
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Table-1: Chemical and Physical Properties 

Property Name Property Value 
Molecular Weight 136.23g/mol 

Hydrogen Bond Donor Count 0 

Hydrogen Bond Acceptor Count 0 

Rotatable Bond Count 0 

Complexity 186 

Topological Polar Surface Area 0 Å² 

Monoisotopic Mass 136.125200510 

Exact Mass 136.125200510 

XLogP3-AA 2.8 

Compound Is Canonicalized Yes 

Formal Charge 0 

Heavy Atom Count 10 

Defined Atom Stereo-center Count 0 

Undefined Bond Stereo-center Count 2 

Covalently-Bonded Unit Count 1 

2. Methodology                                                                                                                                                         

2.1 Protein Preparation                                                                                                                              

"By docking heteroatoms, liquids and water molecules were reserved from the crystal structure with 

PyMOL (version 1.7.4.5)."[16] With the Swiss PDB Viewer (version 4.1.0), employing the GROMOS96 

force field is used for carrying geometry and energy minimization of the crystal structure. Lastly, the ligand 

and protein structures were saved as PDB files. The Swiss Target Predictor Proteins were selected for 

larotrectinib. 

 

                                                                  Fig-2: Protein Preparation 
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2.2. Protein-Selection       
We have recuperated the object of AP from Swiss Target Predictor [13]. On the basis of possibility, we 

chose human hepatocellular carcinoma (HepG2) cell cycle capture at G2/M phase, which seemed to be 

connected with down-regulation of miR-221 expression and up-regulation of CDKN1B/P27 and 

CDKN1C/P57 expression and decreased the action of cycle dependence on kinase1 (CDK1). We recovered 

the protein crystal structures of 4yc6, 6yu7, 6yu6, 1h72, 3bzi, 2jox, and 3op3 using their Uniport ID.   

                                                                                                                                                                            

2.3. Optimization of ligands 

Gaussian View 09 and Chem3D Pro12.0 program packages were used for all of the calculations 

(Figure-3). [14]. The primary three-dimensional geogram of lead forms of AP was recuperated from the 

bound crystal structure of 4yc6, 6gu7, 6gu6, 1h72, 3bzi, 2jox, and 3op3. The carbon-6 position of the 

parent has a –CH3 group which was customized with Benzene (B), Napthalene (N), and OCF3, B-OCF3, 

B-N, and B-N-OCCl3 functional groups. “All these structures were fully optimized by density functional 

theory” [15] 

 
 

 
Drug D+OCl3 D+N+B+OCl3 

 

  
D+B D+B+OCl3 D+N+NH2 

                                

Fig-3: Preparation of ligand’s (AP) derivatives. 

2.4. Binding site and docking analysis  

The main active binding site of AP considered by CASTp having the highest site area[17]. The binding 

site residues considered by CASTp for 4yc6, 6gu7, 6gu6, 1h72, 3bzi, 3op3 were used for grating 

generation. “The docked pose of lowest binding free energy conformer with the respective protein was 

analyzed using PyMOL Molecular Graphics System (version 1.7.4)” [18] 

 

2.5. Pharmacokinetic Parameters 

In order to predict the data related to drug absorption, metabolism, and carcinogenicity for AP and its 

modified derivatives, the AdmetSAR online database has been utilized [19]. The Structure Data File 
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(SDF) and the simplified molecular input line entry system (SMILES) strings were utilized during the 

generation process. 

3. Results and Discussion 

3.1. Analysis of HOMO-LUMO, gap, hardness, and softness 

HOMOs are the highest occupied molecular orbitals, and LUMOs are the lowest unoccupied 

molecular orbitals. The chemical strength and kinetics of drug molecules are recuperated by the 

energy gap between HOMO and LUMO [20]. The D-N showed the lowest energy gap values, the 

lowest hardness values, and the highest softness values, that indicates this drug has increased 

chemical reactivity. The frontier molecular orbitals of AP and AP-N are shown in Fig-3. The HOMO-

LUMO, gap, hardness (η) and softness (S) values of the drugs solved according to the following equation 

[21] were given in the table.      

η = ( έHOMO – έ LUMO )/2   ,S = 1/η 

  
Drug-HOMO Drug-LOMO 

  
D+Napthalene D+Napthalene 

 

                                   Figure-5: Frontier molecular orbitals of AP and AP-N         

Table-2: HOMO-LUMO, Gap, Hardness, Softness 

Molecules (Chair) εHOMO εLUMO Gap Hardness (η) Softness 

Alpha-pinene (AP) -0.21833 -0.02954 0.24787 0.123935 8.069 

AP-N -0.19901 -0.03579 0.16322 0.08161 12.253 

AP-B-N-OCCL3 -0.21765 -0.04138 0.17627 0.088135 11.346 

AP-B-N -0.20875 -.03579 0.17296 0.08648 11.563 
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3.2. Binding energy (kcal/mol) for ligand- 6gu6 (at chair form) systems obtained from 

docking.                                                                                                                                                                     The 

copper derivaties of AP (AP-N) showed binding energy of -10.0 (kacl/mol) with protein 1h72 compared to 

the key drug (AP), which showed binding energy of -6.7 (kcal/mol) with the similar protein.  

Table-3: Free energy of binding values (kcal/mol) for ligand-1h72 

Proteins AP AP-B  AP-N AP-

OCF3 

AP-B-

N-

OCCL3 

AP-B-

OCCL3 

AP-B-N 

4yc6 -5.5 -7.1  -8 -6.3 -8.4 -7.3 -8.8 

6gu7 -6.4 -7.7  -8.9 -6.6 -8.3 -7.7 -9.6 

6gu6 -5.7 -7.5  -7.1 -6.5 -7.9 -7.9 -7.8 

1h72 -6.7 -8.3  -10 -7.3 -8.3 -8.4 -9.6 

3bzi -6.0 -6.5  -7.3 -6.8 -8.1 -6.4 -8.5 

2jox -4.5 -6.4  -7.6 -5.1 -7.3 -6.4 -8.4 

3op3 -5.1 -6.5  -7.8 -5.9 -7.3 -6.3 -7.8 
 

Collected non-covalent interactions among chair ligands AP, AP-N and 1h72 gained by discovery studio      

 

 

 
D-1h72 D-Nap-1h72 

Fig-4: Binding sites of ligands-proteins Complex.             

Table-4 Selected non-covalent interactions among chair ligands D, D-N and AP (1h72) obtained 

via flexible docking 

Systems Contacts Bond 

distances 

 
Systems Contacts Bond 

distances 

AP-1h72 N:UNK1:C - 

A:LYS33 

3.96684 
 

AP-N-

1h72 

N:UNK1:C - 

A:LYS33 

3.96684 

 
N:UNK1 - 

A:VAL18 

5.41707 
  

N:UNK1 - 

A:VAL18 

4.19993 

 
N:UNK1:C 

A:ALA144 

4.09352 
  

A:ALA144 - 

N:UNK1 

4.24688 
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N:UNK1 - 

A:ILE10 

4.41046 
  

N:UNK1 - 

A:ILE10 

5.37778 

 
A:PHE80 - 

N:UNK1:C 

3.84434 
  

A:PHE80 - 

N:UNK1:C 

3.84434 

3.3 Pharmacokinetic parameters of AP and its modified derivatives  
The non-carcinogenic properties are predicted by AdmetSAR calculation for all the drugs. Thus, the drugs 
those are modified, expected to be safe for use. Generally, these kinds of drugs are capable to cross the 
blood-brainbarrier (BBB). The bioavailability of these drugs are expected to be improved, thus the drug 
metabolism and intestinal absorption will also be modified in a positive manner [22]. They are also P-
glycoprotein inhibitors. The AdmetSAR values for these ligands were given in the below                                                             
 
Table-5: Estimation of Pharmacokinetics parameters of the ligands through admetSAR@LMMD 
 

“The identified compound was then subjected to ADMET analysis by the MedChem Designer. According 

to MedChem Designer, in general, lipophilicity is the logarithm value of the partition coefficient P (logP)” 

[23] between octanol and water (buffer), which explains the partition of the unionized (neutral) form of the 

compound, whereas logD describes the total partition of both the ionized and unionized forms of the 

compound [24]. “Compounds identified from ChEMBL showed logP values of more than 5, indicating their 

lipophilic proprieties, whereas compounds identified from AP showed low logP scores of 0.959 and 0.959, 

respectively, indicating their hydrophilic nature. MlogP (Moriguchi octanol-water partition coefficient) is 

well known and is traditionally used in QSAR model structure analysis” [25]. “It reveals the lipophilicity 

of a compound, which indicates the penetration of the compound from aqueous solutions into lipid-rich 

zones. Moriguchi's logP (MLogP) of greater than 4.15 suggests that the compound would be poorly 

Factors AP D-N D-B-N 

Blood brain barrier (+) (+) (+) 

0.8959 0.8750 0.8877 

Human intestinal absorption 0.9964 1.0000 1.0000 

0.9677 0.9932 0.9932 

Caco-2 permeability 0.6709 0.6825 0.6856 

0.6490 0.8770 0.7640 

P-glycoprotein inhibitor 0.5052 0.5798 0.5604 

0.9749 0.9064 0.6208 

Human ether a-go-go-related(hERG) gene 

inhibition 

0.9641 0.9739 0.9498 

0.5110 0.9164 0.9361 

Acute oral toxicity (c) 0.8258 0.6646 0.7416 

0.8258 0.6646 0.7416 

Rat Acute Toxicity 1.5348 1.8184 1.9020 

1.4958   

Aqueous solubility -4.4705 -5.3448 -5.6536 

-4.47  -5.654 

Carcinogenicity No No No 

    

http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC1%3DCCC2CC1C2%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC1%28C%29%5BC%40%40H%5D2C%5BC%40H%5D1C%28C3%3DCC%3DCC4%3DCC%3DCC%3DC34%29%3DCC2&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C%5BC%40%40%5D1%28C2%3DC3C%28C%3DCC%3DC3%29%3DCC%3DC2%29%5BC%40%40H%5D4C%5BC%40H%5D1C%28C5%3DCC%3DCC%3DC5%29%3DCC4&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC1%3DCCC2CC1C2%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC1%28C%29%5BC%40%40H%5D2C%5BC%40H%5D1C%28C3%3DCC%3DCC4%3DCC%3DCC%3DC34%29%3DCC2&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=C%5BC%40%40%5D1%28C2%3DC3C%28C%3DCC%3DC3%29%3DCC%3DC2%29%5BC%40%40H%5D4C%5BC%40H%5D1C%28C5%3DCC%3DCC%3DC5%29%3DCC4&action=A
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absorbed” [25]. The calculated MLogP of all compounds was significantly less than 4.15, suggesting that 

these compounds would be easily absorbed.              

                     

Table-6: (Evaluation of drug-likeness and pharmacokinetics by MedChem designer) 
Factors Α-pinene D-N D-B-N 

MlogP 4.286 5.238 6.100 

S+logP 4.362 6.189 7.054 

S+logD 4.362 6.189 7.054 

MWt 136.239 248.370 310.442 

Table-7: Toxicity analysis by PreADMET 
Factors AP D-N   D-B-N 

algae_at 0.0309633 0.0273664 0.0192942 

daphnia_at 0.321163 0.0366014 0.0116201 

medaka_at 0.107397 0.00222117 0.000281451 

minnow_at 0.107843 0.00263521 0.000571068 

 

Toxicity predicted by PreADMET in Table 6 suggesting that all the compounds having toxicity less than 

1.0. The electronic structure of AP and its modified derivatives AP has a dipole moment of 0.1487 Debye 

and all modified drugs have stoichiometry, electronic energy, enthalpy, Gibbs free energy in Hartree and 

increased dipole moment in Table 7. The dipole moment of AP-N and AP-B-N-OCCL3 was found to be 

quite large. lead to higher binding affinity against 1H72. 

Table-8: Stoichiometry, electronic energy, enthalpy, Gibbs free energy in Hartree and dipole 

moment (Debye) of AP and its derivatives 

3.4. Identification of IR spectrum of the ligands  

The individual modified drug molecule and parent ligand with IR was calculated by Gaussian view v5.0 

and shown in the figure-6. . 

Name Stoichiometry Electronic 

Energy 

(Hartree) 

Enthalpy 

(Hartree) 

Gibbs Free 

Energy 

(Hartree) 

Dipole 

Moment 

(Debye) 

Αlpha-pinene C10H16 -390.446501 0.246924 0.202495 0.1487 

D-N C19H20 -735.730374 0.352799 0.294201 0.5554 

D-B-N C24H22 -927.413368 0.409233 0.343050 0.2421 

D-B-N-OCCl3 C24H19Cl3O -2381.414350 0.388317 0.309641 3.3576 
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Drug  

 

 

D+N  

                    Fig-6: Identification of IR spectrum of the ligands by Gaussian view (v5.0)                                                                               

4. Conclusion                                                                                                                                                                                    
In this in silico study, the binding affinity of the ether derivatives of Αlpha-pinene (Ap-N) showed binding 

energy of -10 (kcal/mol) with protein 1h72 compared to the key drug (AP) that showed binding energy of 

-6.7 (kcal/mol) with the similar protein with significant modified pharmacokinetics, HOMO-LUMO, and 

thermodynamic properties. Altogether, AP-N-1h72 is the best conformer as the target of the treatment of 

ABSSSIs. 
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