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The human immunodeficiency virus (HIV) continues to be a global health challenge, with the emergence of drug-
resistant strains highlighting the urgent need for novel therapeutics. Present work sought to examine natural diterpenoid 
compounds as prospective anti-HIV drugs with the objective of identifying safe and effective inhibitors that target essential 
HIV enzymes and viral entry mechanisms. In this study, four natural diterpenoid compounds, Onishibarin A and B (from 
Daphne pseudomezereum) and Abietamethinol C and D (from Isodon amethystoides) were selected based on literature 
survey for an integrative in silico structural and functional validation of their anti-HIV activities. A comprehensive 
cheminformatics approach involving quantum chemical calculations, in silico ADMET profiling, and molecular docking 
was employed to investigate their pharmacological potential. Geometry optimizations and reactivity descriptors were 
computed using density functional theory (DFT) at the B3LYP/6-31G (d,p) level to analyze their stability and electronic 
behavior. Global and local reactivity indices, including frontier molecular orbital energies, Fukui functions, and 
electrophilicity descriptors, were used to predict reactive sites and antiradical potential. ADMET assessments using 
SwissADME and ProTox-3.0 indicated favourable drug-likeness, low toxicity, and compliance with Lipinski’s and Veber’s 
rules. Molecular docking against HIV-1 Reverse Transcriptase (PDB ID: 3DLE) and HIV-1 gp120 Envelope Glycoprotein 
(PDB ID: 4RZ8) revealed strong binding affinities, especially for Onishibarin A, suggesting potential inhibitory action. 
Collectively, these findings support the therapeutic promise of these natural diterpenoids as leads for anti-HIV drug 
development and highlight the utility of integrated computational approaches in natural product-based drug discovery. 

Keywords: Daphne pseudomezereum, Density functional theory, Diterpenoids, HIV-1, Isodon amethystoides, Integrase 
strand transfer inhibitors (INSTIs), Non-nucleoside reverse transcriptase inhibitors (NNRTIs) 

Numerous illnesses and infections are brought on by 
viruses. Viruses are one of the biggest concerns of the 
healthcare system as they tend to change with time 
frequently and are often contagious. Almost all the 
human population are suffering from these 
insurmountable viruses. One of these viruses is HIV 
(human immunodeficiency virus) which leads to 
AIDS at its most advanced stage of infection. HIV is a 
retrovirus which attacks the immune system 
by attacking CD4+ T cells, a subset of white blood 
 cells, which weakens the immune system1. It 
weakens defense against infections and cancers. Its 
advanced stage AIDS (acquired immune deficiency 
syndrome) results in severe illnesses such as 
tuberculosis, meningitis, and cancers (e.g., Kaposi’s 
sarcoma and Lymphomas). It can also lead to 
worsening of other infections such as Hepatitis C, 

Hepatitis B and Monkeypox. According to the World 
Health Organization, HIV remains to be a global 
health hazard with an estimated 44.1 million fatalities 
so far2. HIV is a retrovirus. It incorporates its genetic 
material into the host's genome and often mutates, 
making it exceptionally difficult to find a cure for this 
virus. HIV's replication cycle depends on a number of 
important viral proteins, each of which serves an 
essential function. In order for the virus to replicate, 
reverse transcriptase (RT) has to convert its single-
stranded RNA into double-stranded DNA. Viral 
polyproteins are subsequently broken down by the 
protease enzyme into functional proteins needed to 
facilitate viral assembly. By promoting fusion 
between the viral envelope and the host cell 
membrane, the glycoproteins gp120 and gp41 
promote viral entrance. Last but not least, integrase 
makes it possible for the viral DNA to integrate into 
the host genome, guaranteeing a persistent infection. 
These proteins work together to enable HIV infection, 
replication, and persistence in host cells3,4. Each of 
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these stages: viral entry, reverse transcription, 
integration, and protein maturation, offers a target for 
antiretroviral therapy. Drugs such as integrase strand  
transfer inhibitors (INSTIs), nucleoside reverse 
transcriptase inhibitors (NRTIs), and non-nucleoside 
reverse transcriptase inhibitors (NNRTIs) work  
by interfering with different steps of the  
virus’s life cycle, helping to control its replication1. 

Natural products have long been useful for finding 
promising leads for treating a variety of illnesses. This 
practice has been going on for thousands of years. 
Many antiviral drugs consist of natural products5,6. 
From a statistical survey it was concluded that out of  
185 antiviral drugs produced in the year 1981 to 2019, 
28.65% were derived from natural products and 
natural product derivatives7.  

The exhaustive literature survey conducted in the 
present study highlighted that there exists a wide range 
of molecules in the nature of either plant or marine 
origin, which possess good antiretroviral/anti-HIV 
activity based on molecular docking studies and/or 
tested using a wide range of cell lines8-25. But the 
combined electronic structure calculations and in silico 
docking studies of such natural leads is an area which 
is yet to be explored. Nevertheless, such studies are 
indispensable in designing newer molecules with much 
better pharmacological profiles. The work done in this 
study is based on the idea that by following the steps 
listed below, we will learn more about the electronic 
structure properties of the studied lead molecules, as 

well as their reactivity and behaviour in the body, about 
their stability, and, finally, how well they will bind 
with the targeted proteins. 
1. First, the data from the literature review was used 

to choose the lead compounds that are effective 
against the target proteins. 

2. Information regarding the electronic structures of 
the molecules was computed and used to 
determine their reactivity (quantum-chemical 
calculations). 

3. Molecular docking was done to check how well 
the lead molecule binds with the targeted protein 
and the efficient binding sites. 

4. ADMET studies were performed to check the 
behaviour of the molecules in the body. 

5. A pharmacophore for further drug design research 
was obtained by determining the structure-activity 
connection based on the calculations above. 

Therefore, in present work an integrative approach 
has been employed where in silico structural-
functional validation of antiretroviral properties has 
been achieved for selected compounds by combining 
quantum chemical calculations with in silico 
molecular docking studies. 
 

Materials and Methods 
 
Data Set 

Based on literature survey, several of the molecules 
which have been extracted from various natural 
sources and found to possess antiviral activity are 
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summarised in the (Suppl. Table 1). Out of this list, 
four molecules were selected for present study. 
Among these, molecule 1 and 2 (Onishibarin A and 
B) belong to class diterpenoid and they target HIV-1 
(NL4-3) infection in MT4 cells. These diterpenoids 
were extracted from the fruits of Daphne 
pseudomezereum (Thymelaeaceae) which is a 
deciduous shrub with light green flowers. Daphnane 
diterpenoids have a structure containing a highly 
oxygenated trans-fused ring system 5/7/6 (A/B/C) 
tricyclic structure26. Onishibarin A (compound 1) has 
an empirical formula of C38H40O10. It has hydroxy, 
carbonyl, and α, β-unsaturated ester groups. It 
contains an orthoester carbon, isopropenyl moiety, 
and two methyl groups critical for its activity. There 
is presence of ketone group (C-3) at the A-ring and an 
epoxy group (C-6/C-7) at the B-ring. Resonance 
occurs due to presence of oxygenated functionalities. 
It has EC50 (Half Maximal Effective Concentration) 
of 1.26 nM and IC50 (Half Maximal Inhibitory 
Concentration) of 9.29 μM26. Onishibarin B 
(compound 2) has an empirical formula of C38H42O9. 
It has similarities with compound 1 due to presence of 
an orthoester carbon, an isopropenyl moiety, two 
methyl groups, and an epoxy group. The carbonyl 
carbon (C-3) lacks resonance, but an oxygenated 
methine and methylene group do. There is also a 
phenyl (C-1) group present causing resonance. 
Furthermore O-cinnamylideneacetyl is present as the 
R-group. It has EC50 of 6.38 nM and IC50 of  
21.0 μM26.  

Molecule 3 and 4 (Abietamethinol D and C) also 
belong to class diterpenoid. These compounds are 
known to possess anti-viral activity against Avian 
Influenza Virus (AIV) and Vesicular Stomatitis Virus 
(VSV). These were isolated from the twigs and leaves 
of Isodon amethystoides, also known as 
‘Wangzaozi’27. Abietamethinol D (compound 3) has 
an empirical formula of C20H32O5 which indicates 
five degrees of unsaturation which means the 
molecule has five rings and/or pi bonds, or any 
combination of the two. Its structure contains 7α, 9α, 
13β-trihydroxyabiet-8, 20-lactone. It has a similar 
structure as compound 4 with an additional hydroxyl 
group. At 25μM, its antiviral inhibitory efficacy was 
68.4%27. Abietamethinol C (compound 4) has an 
empirical formula of C20H32O4 indicative of six 
degrees of unsaturation. It contains two angular 
methyl groups and resonance exhibited from an 
isopropyl group. It consists of a carboxyl group, three 

oxy-quaternary carbons, two quaternary carbons, and 
eight methylene groups. Its structure contains a 9α, 
13β-dihydroxyabiet-8, 20-lactone. It displayed an 
antiviral inhibitory effect of 18.9% at 25 µM27. The 
chemical structures of the compounds are provided in 
(Suppl. Fig. 11). 
 

Quantum Chemical Calculations 
Electronic structure calculations involve using 

quantum mechanics to study the distribution of 
electrons in a molecule. These calculations provide 
insights into molecular properties, reactivity, and 
stability by solving Schrödinger's equation 
approximately for systems of interest. These 
calculations take input as a mechanical description of 
a system, which in turn give information about 
optical, electronic and magnetic properties. In recent 
times, Jelfs’ density functional theory (DFT) has 
become increasingly useful for the understanding and 
calculation of the ground state density, ρ( ), and 
energy, E, of the molecules, clusters, and solids–any 
system consisting of nuclei and electrons–with or 
without applied static perturbations28,29. Within the 
domain of density functional theory, conceptual-DFT  
(or chemical reactivity theory) attempts to delineate 
and explicate important universal concepts of 
molecular structure and molecular reactivity. In this 
regard, global reactivity descriptors, viz, electronic 
chemical potential (denoted by μ or m), 
electronegativity (denoted by χ or x or c), 
electrophilicity index (denoted by ω or w), global 
hardness (denoted by η or h), global softness (S), 
donor index (Rd) and acceptor index (Ra) were 
calculated. Similarly, local reactivity descriptors, viz., 
Fukui function (f(𝒓⃗)), local softness (s(𝒓⃗)), relative 
nucleophilicity, relative electrophilicity, local 
electrophilicity index (ω(𝒓⃗) or w(𝒓⃗)), local 
hardness(η(𝒓⃗) or h(𝒓⃗)) and dual reactivity descriptor 
were also calculated. All these calculations are based 
on previous works30-48. 

All quantum chemistry computations were 
conducted for compounds 1, 3 and 4 using the 
Gaussian03X/09 software program49. The molecular 
structures of the compounds were optimised at the 
density functional theory (DFT) level utilising the 
B3LYP functional, which combines Becke’s three 
parameter gradient-corrected hybrid exchange 
functional50 with the dynamical correlation functional 
developed by Lee, Yang, and Parr (LYP)51. All 
computations were conducted without any symmetry 
constraints. Comprehensive calculations were 
conducted at the HF/3-21G, B3LYP/3-21G, and 
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B3LYP/6-31G(d,p) theoretical levels, focusing on the 
computed energy (ESCF: Self-Consistent Field 
Energy) and the associated computational expenses 
for the analysis of these systems. All atoms were 
characterised using the standard 6-31G(d,p) basis 
set52, which encompasses adequate basis functions to 
represent the molecular characteristics of the 
compounds. The lack of imaginary frequencies in a 
harmonic frequency calculation conducted at the same 
theoretical level signifies that the computed geometry 
of each compound represents a genuine minimum on 
the potential energy surface. The optimised geometric 
parameters, frontier molecular orbitals, and basic 
vibrational frequencies were theoretically estimated 
using the Gaussian 03W/09 software package. 
Numerous thermochemical parameters, including 
zero-point vibrational energy, thermal energy, thermal 
enthalpy, and thermal entropy, have been computed 
for all substances at the same theoretical level. The 
atomic charges for all atoms in the selected 
compounds for this investigation were computed 
utilising Mulliken Population Analysis (MPA), 
Hirshfeld Population Analysis (HPA), and Natural 
Population Analysis (NPA) at an equivalent 
theoretical level. The energy of frontier molecular 
orbitals has been calculated using finite difference 
approximation where single point energy calculation 
was performed for the neutral (N), cation (N-1) and 
anion (N+1) systems of each compound of the data set 
and Koopman’s approximation53,54. The conceptual 
DFT based global reactivity descriptors, viz., 
electronic chemical potential, electronegativity, 
chemical hardness, global softness and 
electrophilicity index have been calculated for all the 
compounds of the data set, using finite difference 
approximation. Local reactivity descriptors derived 
from conceptual DFT, including Fukui functions, 
local softness, local hardness, local electronegativity, 
relative nucleophilicity, relative electrophilicity, and 
dual descriptors, have been computed for the 
designated atoms of all compounds, based on the 
aggregated findings of in vitro biological activity. The 
molecule electrostatic potential maps and the 
visualisation of the results were conducted using Gauss 
View 5.0.55. Note that compound 2 was optimized only 
at the HF/3-21G level because of computational 
limitations (high computational cost with highest 
number optimization steps) as shown in the results  
and discussion section. Therefore, DFT-based 
electronic structure analyses (B3LYP/6-31G(d,p)) were 

performed only for compounds 1, 3, and 4, while 
compound 2 was included in all ADMET and 
molecular docking studies. 
 
Selection of antiviral targets 

HIV-1 reverse transcriptase (PDB ID: 3DLE) and 
envelope glycoprotein (PDB ID: 4RZ8) were selected 
as antiviral targets for molecular docking studies. 
HIV-1 Reverse Transcriptase (abbreviated HIV-1 RT) 
is a heterodimer enzyme that has a major role in virus 
replication. The heterodimer structure consists of two 
subunits p66 and p51 which act as distinct inhibitor 
sites where p66 binds nucleotide analogue inhibitors 
(NRTIs) and p51 binds non-nucleoside inhibitors 
(NNRTIs). HIV-1 RT is susceptible to mutations 
leading to drug resistance. Thus, there’s a need to 
come up with novel drugs that are active against 
mutated HIV as well56. HIV-1 Envelope Glycoprotein 
(abbreviated HIV-1 gp120) is a surface glycoprotein 
essential for the viral entry by binding to the host 
CD4 receptors. This causes conformational changes in 
gp120 leading to its interaction with host cell co-
receptors CCR5 or CXCR4. Currently there are no 
drugs available in the market aiming at HIV-1 
gp12057. 
 
Computer aided drug designing (CADD) studies 
 
In silico ADMET studies 

In silico ADMET studies for all the compounds of 
the data set have been carried out using open  
source web program Swiss ADME 
(http://www.swissadme.ch/citing.php) and ProTox-
3.0 (https://tox.charite.de/protox3/). These programs 
allow us to predict ADMET (absorption, distribution, 
metabolism, excretion, and toxicity) properties as well 
as physiochemical properties, lipophilicity, 
pharmacokinetics, drug-likeness, medicinal 
chemistry, and predicted toxicity of a drug to aid  
with drug discovery58,59. For giving input, OpenBabel 
GUI version 2.4.1 software (https://sourceforge.net/ 
projects/openbabel/) was used to generate SMILES 
notation for each compound60. The generated 
SMILES notation was then used to calculate 
molecular properties like Log P, Total polar surface 
area (TPSA), number of hydrogen bond donors and 
acceptors, molecular weight, number of atoms, 
number of rotatable bonds, Lipinski’s rule violations, 
Veber’s rule violation, and predicted toxicity  
(Table 1). The molecular properties calculated are 
described below: 
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(i) miLogP (octanol/water partition coefficient): The 
archetype of the topological technique forecasts a 
linear correlation with thirteen chemical 
descriptors. 

(ii) Molecular Polar Surface Area (TPSA): TPSA is 
determined by aggregating the contributions of 
polar fragments containing oxygen and 
nitrogen61. TPSA is an excellent descriptor  
for characterising drug absorption, encompassing 
intestinal absorption, bioavailability, Caco-2 
permeability, and blood-brain barrier penetration. 

(iii) Molecular volume: The volume of a molecule is 
determined based on group contributions. These 
were derived by fitting a summation of fragment 
contributions to an actual 3D volume for a 
training set of approximately twelve thousand 
predominantly drug-like compounds. 

(iv) "Rule of 5" properties: This refers to a collection 
of fundamental molecular descriptors utilised by 
Lipinski in the development of his "Rule of 5". 
The guideline specifies that the majority of " 
drug-like" compounds possess a logP ≤ 5, a 
molecular weight ≤ 500, a maximum of  
10 hydrogen bond acceptors, and a maximum of  
5 hydrogen bond donors. Molecules that 
contravene multiple rules may encounter issues 
with bioavailability. 

(v) Veber’s Rule posits that a molecule must possess a 
polar surface area (PSA) of ≤ 140 Å² and no more 
than 10 rotatable bonds to exhibit favourable oral 
bioavailability62. (vi) Rotable Bonds: This 
fundamental topological characteristic quantifies 
molecular flexibility. It has been demonstrated to 
be an excellent indicator of the oral 
bioavailability of pharmaceuticals62. A rotable 
bond is characterised as any singular non-cyclic 
bond attached to a non-terminal heavy atom  
(i.e., not hydrogen). Amide C−N bonds are 
excluded due to their elevated rotational energy 
barrier.  

(vii) PAINS: It denotes Pan Assay Interference 
Compounds. It comprises compounds with 

substructures that demonstrate a robust  
reaction when the protein target is excluded from 
the assay. 

Drug likeness may be defined as a complex balance 
of various molecular properties and structure features 
which determine whether a particular molecule  
is similar to the known drugs. The properties  
of hydrophobicity, electronic distribution, hydrogen 
bonding characteristics, molecular size and flexibility, 
as well as the presence of diverse pharmacophoric 
features, significantly influence molecular behaviour 
in living organisms, encompassing bioavailability, 
transport properties, protein affinity, reactivity, 
toxicity, metabolic stability, and more. 
 

In silico molecular docking studies 

The binding affinities between the ligands (selected 4 
compounds) and the receptors (HIV-1 Reverse 
Transcriptase and Envelope Glycoprotein gp120) have 
been studied through docking studies, using the 

Autodock 4.0
63

, PyRx 0.8
64

 and an online server of 
docking, SwissDock. The docking results were analyzed 
with the help of Biovia Discovery Studio 2025 
(https://discover.3ds.com/discovery-studio-visualizer-
download). To examine the interaction of selected 
compounds as mentioned in (Suppl. Fig. 11) to the 
reported targets namely HIV-1 Reverse Transcriptase 
and Envelope Glycoprotein gp120 from the Protein Data 
Bank (PDBid:3DLE and PDBid:4RZ8 respectively) 
(www.rcsb.pdb),docking simulation were carried by 
using AutoDock 4.0 program of MGL Tool 1.5.7 
software (https://ccsb.scripps.edu/mgltools/downloads/), 
Pyrx 0.8 (https://sourceforge.net/projects/pyrx/) and 
SwissDock (https://www.swissdock.ch). The steps for 
conducting the Molecular Docking studies using 
AutoDock 4.0 are as follows: 
 

Protein Optimization 
In protein optimization, the protein (PDB id - 

3DLE and 4RZ8) was prepared for running docking 
simulation. The resolution of the protein is 2.50 Å and 
1.90 Å, respectively. For docking the inhibitor is 
removed from the protein and energy is minimized. 

Table 1 — SMILES notations of the selected compounds (1-4) 

Molecule No. SMILES Notation 

1 [C@H]1([C@@]2([C@@H](O2)[C@@H]2[C@@]3([C@H]4[C@]1(C(=O)[C@H](C4)C)O)[C@@H]([C@H
]([C@]1([C@@H]2O[C@](O1)(O3)c1ccccc1)C(=C)C)OC(=O)/C=C\C=C/c1ccccc1)C)CO)O 

2 [C@@H]1([C@H](C[C@@H]2[C@@]31[C@H]([C@@]1([C@@H]([C@@H]4[C@@]52[C@H](C)C[C@]2
([C@@H]4O[C@@](O5)(O2)c2ccccc2)C(=C)C)O1)CO3)O)C)O.C(=O)(O)/C=C/C=C/c1ccccc1 

3 C1C([C@H]2[C@]3(CC1)[C@@]1([C@]([C@@H](C2)O)(OC3=O)C[C@@](CC1)(O)C( C)C)O)(C)C 

4 C1C([C@H]2[C@]3(CC1)[C@@]1([C@](CC2)(OC3=O)C[C@@](CC1)(O)C(C)C)O)(C)C 
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Preparation for molecular docking 
The procedure preceding molecular docking 

consists of the following steps:  
(i) Protein preparation: The co-crystallized ligand 

structure and hydrogen atoms were eliminated 
utilising AutoDock 4.0 software. Subsequently, 
the Kollman charges were incorporated into each 
atom, together with AD4 charges and polar 
hydrogen atoms, into the protein structure. The 
structures were subsequently stored in PDBQT 
file format for input into AutoDock version 4.0.  

(ii) Ligand preparation: An optimised Gauss log file 
was utilised to create a 3D PDB file from its 2D 
representation using Open Babel software 
(O’Boyle et al. 2011), and subsequently saved in 
(.pdb) file format for input into AutoDockTools 
(ADT) version 1.5.Seven. Subsequently, all 
ligand structures were preserved in PDBQT file 
format following the identification and selection 
of the root, for input into AutoDock version 4.0.  

(iii) Grid formation: The protein molecule and ligand 
were selected in .pdbqt format, and the grid box 
was established in the target proteins (3DLE and 
4RZ8), thereafter saving the file in .gpf format  
(grid parameter file).  

(iv) Docking preparation: The protein and ligand were 
selected in pdbqt file format, and the file was 
subsequently saved in .dpf format (docking 
parameter file) utilising default parameters  
(GA runs = 10; population size = 150, etc.). 

 

Running docking algorithm 
For running docking algorithms Cygwin 

(http://www.cygwin.com/) were used, .glg and .dlg 
files were created from the grid file .gpf and .dpf file 
respectively. The commands for executing autogrid 
and autodock were “./autogrid4.exe –p lig.gpf –f 
lig.glg &” and “./autodock”4.exe –p lig.dpf –f lig.dlg 
& Cygwin was executed once more to convert the .dlg 
file into a run.pdbqt file, which was subsequently 
executed. The pdbqt files were transformed into 
run.pd.b. The optimal ligand with the lowest binding 
energy was identified from the .dlg file, and its 
coordinates were extracted from the .run.pdb file to be 
inserted into the protein optimisation file. The file has 
been saved in the .pdb format. 
 

Visualization of docked protein 
Biovia Discovery Studio 2025 was used for 

visualization of hydrogen bond interaction between 
protein and ligand molecule, electrostatic interaction, 
2D structure, 3D structure and pose organizer view of 

ligand that shows in which conformation the ligand is 
bound stably with protein structure. 
 
Results and Discussion  
 

Electronic structure calculations 
 

Predicting ability of theoretical method 
The DFT-based quantum chemical calculations on 

compounds 1, 3 and 4, as indicated in (Suppl. Fig. 
11), were successfully conducted in the gas phase 
with various functionalities, as detailed in the 
computational section. All parameters exhibit 
identical divergence, as evidenced by the data 
presented in (Suppl. Table 2), Hartree-Fock (HF), and 
DFT. The minimal energy structure of all molecules 
was found at the DFT functional level. The lowest 
absolute value of ESCF corresponds to the optimised 
structure of the study (compound 1, 3 and 4). The 
highest ESCF energy is achieved in compound 1. 
Compound 4 exhibits the highest dipole moment. 
 
The effect of the basis set 

The computations for all examined chemicals, as 
indicated in (Suppl. Fig. 11), have been successfully 
conducted in the gas phase using various 
combinations of basis sets, as detailed in  
(Suppl. Table 2). There are three basis sets: the first is 
HF, specifically HF/3-21G, and the two DFT methods 
are B3LYP/3-21G and B3LYP/6-31G(d, p). All 
groups of molecules exhibit minimal optimisation 
energy, low dipole moments, high computational 
costs, and a constant reduction in the number of 
optimisation steps throughout each group. 
 

Computational cost 
In quantum-chemical calculations an important 

criterion for the relevancy of the DFT is availability 
or computational time is needed. The CPU time for 
optimising the molecule is given in (Suppl. Table 2). 
Suppl. Table 2 clearly demonstrates that the 
computing cost escalates with the enhancement of the 
level of theory and the basis set. The computing cost 
was contingent upon the number of atoms and the 
characteristics of the atoms within the molecule. The 
largest computational cost of compound 1 arises from 
the existence of 10 oxygen atoms and 5 rings, 
whereas the minimum cost of compound 3 is 
attributed to its lower atom count and the presence of 
4 oxygen atoms. Compound 2 has high computational 
cost with highest number of optimization steps among 
all four compounds, making it difficult to optimize it 
beyond HF/3-21G level. 



PAL AND KUMAR: CHEMINFORMATIC STUDIES ON SOME ANTI-HIV DITERPENOIDS 
 
 

1197

Geometry optimization 
The geometry optimisation of all examined 

compounds was conducted using DFT at the 
B3LYP/3-21G/B3LYP/6-31G(d, p) theoretical level. 
When the values of the four parameters (Maximum 
Force, Maximum Displacement, RMS Force, and 
RMS Displacement) exceed their threshold values, we 
conclude that the compound is optimised. Figure 1 
displays the optimised structures of compounds 1-4 
together with their contour plots. 

Thermochemical studies 
The energetic and thermochemical parameters for 

compounds 1, 3 and 4 in the gas phase at 1 atm and 
298.15 K, calculated using HF/3-21G, B3LYP/3-21G, 
and B3LYP/6-31G(d,p) methods, are detailed in 
(Suppl. Table 3). The zero-point vibrational  
energy (ZPVE) is the energy differential of the 
ground state's vibrational mode. The zero-point 
vibrational energy of molecule 1 is elevated compared 
to the other compounds. Additionally, the total energy 
of all examined compounds has been computed in the 
gas phase following zero-point and thermal 
corrections to energy, enthalpy, and Gibbs free 
energy. The results presented in (Suppl. Table 3) 
demonstrate that all researched compounds are 
exothermic. 
 
Atomic Charges 

Atomic charges have been calculated by three 
different population analyses; MPA  
(Mulliken population analysis), and HPA (Hirshfeld 
population analysis) and NPA (Natural population 
analysis) of compounds 1-4. The results are given in 
Appendices 1, 2 and 3 respectively. The plot of 
atomic charges is also given in (Fig. 2) for MPA, 
HPA & NPA. In compound 1, atoms C23 and C54 
has maximum population for neutral, anion and cation 
on the basis of NPA and atom C1 has minimum. 
Molecular structure and charge of compound 2 is 
almost similar to compound 1. In compound 3, C32 
has maximum and C19 has minimum population for 
neutral, anion and cation based on NPA.  
In compound 4, C30 has maximum and C20 has 
minimum population for neutral, anion and cation 
based on NPA. 
 
Molecular electrostatic potential (MEP) 

MEP maps also known as electrostatic potential 
maps are a 3-D representation of the molecule. The 
colour of the map gives information about electron 
rich and electron poor regions in the molecule, where 
blue zones represent good nucleophilic sites, red 
zones represent good electrophilic sites, and green 
zones are electrically neutral. MEP plots of all the 
studied compounds are shown in (Fig. 3). 
 
Antiradical Capacity  

Antiradical activity of a compound may be 
evaluated from the oxidation and reduction potential 
that is based on ionization potential (I) and electron 
affinity (A), respectively. A molecule with a low 
value of I is easily oxidised, therefore, a good electron 

 
 

Fig. 1 — Ground state optimized geometry structure with contour
plots in gas phase for selected compounds (1, 3, and 4) calculated
at B3LYP/6-31G(d,p) level of theory. Molecule 2 optimized at
HF/3-21G; 1 and 4 optimized at B3LYP/3-21G level of theory. 



1198

donor. On t
value of E 
capacity of 
(Suppl. Tab
compound 4
compound 
compound 1
 
Frontier molec
global reactivit

The High
and Lowest 
with their ba
(Fig. 4). Th
energies, ene
cation on the

 
Fig. 2 — Varia
B3LYP/6-31G(
charge of comp

the other han
is a good el
all studied c
ble 4). Th

4 is high so i
1 has high
 shows a goo

cular orbital ana
ty Descriptors 

hest Occupied
Unoccupied 

and gap (ΔE =
he calculated

ergy band gap
e basis of NP

ation of atomic c
(d, p) level of th
pound 2 is almos

INDIAN J

nd, a molecu
lectron accep
compounds is
he ionisation
it acts as an a
h electron a
d anti-redund

alysis and conce

d Molecular O
Molecular O

= ELUMO - EHO

d frontier m
p, energy of ne
PA, dipole mo

charges at the se
heory. Molecule
st similar to com

J. BIOCHEM. B

ule with a h
ptor. Antiradi
s represented
n potential 
antioxidant, a
affinity so, 
dant. 

eptual DFT base

Orbital (HOM
Orbital (LUM
OMO) is shown

molecular orb
eutral, anion a
oment, electro

elected atoms (k
es 1 and 4 optim

mpound 1. Theref

BIOPHYS., VOL
 
 

igh 
ical 

d in 
of 

and 
so 

ed 

MO) 
MO) 
n in 
bital 
and 

onic 

chemi
global
21G/B
(Supp
measu
charge
the low
the hig
of the
superi
indica
enhan
 

Concep
The

softne

k) of (compound
mized at B3LYP
fore, compound 

L. 63, OCTOBER

ical potential,
l softness, and
B3LYP/6-31G
pl. Table 5). T
uring 4.5148 D
e separation in
west energy b
ghest, indicati

e molecules, r
ior electroph
ating that th
nced propensity

ptual DFT-base
e local descri
ess, local elec

ds 1, 3 and 4) ba
P/3-21G level of
2 is not shown h

R 2026 

, electronegat
d electrophilic

G(d, p) level of
The dipole mo
Debye, indica
nside the com

band gap, whil
ing the relativ
respectively. C
hilicity index
hese two co
y to take elect

d local descripto
iptors such as

ctrophilicity, l

ased on NPA, M
f theory. Note th
here 

tivity, global 
city index at B
f theory presen
oment of com

ates a more pr
mplex. Compo
le compound 

ve softness and
Compound 1 
x relative t
ompounds po
trons. 

ors 
s Fukui funct
local hardness

MPA and HPA c
hat molecular st

hardness, 
B3LYP/3-
nted in the 
mpound 3, 
ronounced 

ound 1 has 
4 displays 
d hardness 
exhibits a 
o others, 
ossess an 

tion, local 
s, relative  

 

calculated at
tructure and



 

 

Fig. 3 — Mol
calculated at B3
 

Fig. 4 — HOM
compound (1, 3
theory. Molecul

PAL AND 

lecular electrost
3LYP/6-31G(d,p

MO and LUMO pl
3 and 4), calcul
les 1 and 4 optimi

KUMAR: CHE

tatic potential (M
p) level of theory

 

lots along with th
lated at B3LYP/
ized at B3LYP/3-

EMINFORMATI

MEP) plot of th
y. Molecule 2 op

 
he band gap (ΔE)
/6-31G(d,p) leve
-21G level of the

IC STUDIES ON
 
 

he ground state
ptimized at HF/3

electro
descri
Figs. 
in Ap
differe

) for
el of
eory. 

 

Fig. 5 —
of the 
physico

N SOME ANTI-

e optimized geo
3-21G; 1 and 4 o

ophilicity, re
iptor are pres
1-11). The ca
pendix 4 for 
ent reactive si

— Diagrammati
compounds (1

ochemical space

-HIV DITERPE

ometry (in gas p
optimized at B3L

elative nucle
sented in (A
alculated loca
the set of stu

ites for each m

ic representation
1-4). The colou
e for oral bioavai

ENOIDS 

 
phase) for comp
LYP/3-21G leve

eophilicity, 
Appendix 4 an
al reactivity d
udied compou
molecule. Und

n of the bioavaila
ured zone is t
ilability 

1199

pound (1-4) 
l of theory. 

and dual 
nd Suppl. 

descriptors 
unds show 
der MPA, 

 
ability radar
the suitable



INDIAN J. BIOCHEM. BIOPHYS., VOL. 63, OCTOBER 2026 
 
 

1200

 

Table 2 — ADMET result for all the studied compounds (1-4) using Swiss ADMET and ProTox software 

Molecule No. 1 2 3 4 
MW (g/mol) 656.72 642.73 352.47 336.47 
TPSA(Å2) 144.28 127.21 86.99 66.76 
H-bond Acceptors 10 9 5 4 
H-bond donors 3 3 3 2 
Rotatable Bonds 8 5 1 1 
milogP 2.00 2.84 2.18 2.91 
Lipinski’s Violations 1 1 0 0 
Veber’s Violations 1 0 0 0 
GI Absorption Low Low High High 
BBB permeant No No No Yes 
Bioavailability Score 0.55 0.56 0.55 0.55 
PAINS (Pan Assay Interference Structures) 0 0 0 0 
Predicted LD50 (mg/kg) 590 400 15900 15900 
Predicted Toxicity Class 4 5 6 6 
Average Similarity(%) 56.5 56.51 83.62 85.29 
Prediction Accuracy(%) 67.38 67.38 70.97 70.97 
 

compound 1 presents its maximum electrophilic and 
nucleophilic Fukui functions (f+ = 0.0362 a.u., f- = 
0.0649 a.u.), local softness (s+ = 0.0052 a.u., s-= 
0.0093 a.u.), and local electrophilicity (w+ = 0.0425 
a.u., w- = 0.0762 a.u.) at atom O60, while atom C10 
has the highest relative nucleophilicity (8.2407) and 
dual descriptor (1.0640), atom C25 has the highest 
relative electrophilicity (2.3372), and atom C57 has 
the highest local hardness (D+h(k) = -0.1138 a.u.). For 
compound 3, the maximum Fukui function (f+ = 
0.0742 a.u., f- = 0.2003 a.u.), local softness (s+ = 
0.0072 a.u., s- = 0.0193 a.u.), and local 
electrophilicity (w+ = 0.0645 a.u., w- = 0.1741 a.u.) 
occur at atoms O22 (f+, s+, w+) and C32 (f-, s-, w-), 
with C32 also showing the highest relative 
nucleophilicity (7.6450) and dual descriptor (4.7375), 
atom O46 achieving the highest relative 
electrophilicity (5.0148), and atom O46 holding the 
highest local hardness (D+h(k) = -0.1823 a.u.). 
Finally, in compound 4, atom C40 exhibits the highest 
f+ (0.0584 a.u.), s+ (0.0056 a.u.), w+ (0.0301 a.u.), and 
relative electrophilicity (3.7498), whereas atom C30 
shows the maximum f- (0.2108 a.u.), s- (0.0204 a.u.), 
w- (0.1086 a.u.), relative nucleophilicity (7.4050), 
and dual descriptor (4.9610), with the highest  
local hardness recorded at atom O44 (D+h(k)  
= -0.2256 a.u.). In simple terms, these results  
reveal the specific "hotspots" on each molecule  
that dictate how and where they will react with  
other chemical compounds. In compound 1,  
the oxygen atom O60 is the most active overall center 
for gaining or losing electrons, while carbon C10 is best 

suited for attracting electron-seeking agents and carbon 
C25 excels at attracting electron-donating agents. 
Compound 3 operates through two main centers: oxygen 
O22 acts as the primary site for accepting electrons,  
whereas carbon C32 is the most dominant site for 
donating electrons, driving general chemical preference, 
and attacking positive targets. Finally, compound 4 
divides its responsibilities between two key carbons, 
where carbon C40 acts as the main center for attracting 
electron-rich species, and carbon C30 serves as the 
primary engine for donating electrons and driving 
nucleophilic reactions (Suppl. Figs. 1-11). 
 
In silico ADMET studies 

The In silico ADMET studies involve calculation 
of physico-chemical properties (Absorption, 
Distribution, Metabolism, Excretion and Toxicity) 
and drug-likeness of a drug which are calculated 
using SwissADME and ProTox software. The results 
for the studied compounds (1-4) are presented in 
(Table 2) and the bioavailability RADARS are 
presented in (Fig. 5). From the output obtained it can 
be stated that compounds 1 and 2 does not possess 
good ADMET properties due to 1 Lipinski’s rule 
violation each (High molecular weight), low GI 
absorption and moderate toxicity whereas compounds 
3 and 4 displayed good ADMET results due to 
compliance with drug likeness criteria, high GI 
absorption and low toxicity. 
 

In silico molecular docking studies 
The in silico docking studies have been done against 

different cytotoxic compounds based  on their  docked  
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Table 3 — Molecular docking results for all the studied molecules (1-4) using AutoDock 

 HIV-1 Reverse Transcriptase (3DLE) 

Molecule Estimated 
Free Energy 
of Binding 
(kcal/mol) 

Estimated 
Inhibition 
Constant 

(μM) 

Final 
Intermolecular 

Energy 
(kcal/mol) 

Van der 
Waals + H 

bond + 
dissolved 
Energy 

(kcal/mol) 

Electrostatic 
Energy 

(kcal/mol) 

Final Total 
Internal 
Energy 

(kcal/mol) 

Torsional Free 
Energy 

(kcal/mol) 

Unbound 
System's 
Energy 

(kcal/mol) 

OnishibarinA -7.53 3.00 -10.82 -10.67 -0.15 -5.68 +3.28 -5.68 

Onishibarin B -5.88 48.83 -8.86 -7.17 -1.69 -0.22 +2.98 -0.22 

AbietametinolD -6.84 9.66 -8.03 -8.00 -0.04 -1.54 +1.19 -1.54 

Abietamethinol C -6.41 20.11 -7.30 -7.23 -0.07 -0.86 +0.89 -0.86 

  HIV-1 Envelope Glycoprotein (4RZ2) 

Molecule Estimated 
Free Energy 
of Binding 
(kcal/mol) 

Estimated 
Inhibition 
Constant 

(μM) 

Final 
Intermolecular 

Energy 
(kcal/mol) 

Van der 
Waals + H 

bond + 
dissolved 
Energy 

(kcal/mol) 

Electrostatic 
Energy 

(kcal/mo l) 

Final Total 
Internal 
Energy 

(kcal/mol) 

Torsional Free 
Energy 

(kcal/mol) 

Unbound 
System's 
Energy 

(kcal/mol) 

Onishibarin A -6.99 7.54 -10.27 -9.82 -0.45 -5.15 +3.28 -5.15 

OnishibarinB -5.88 48.83 -8.86 -7.17 -1.69 -0.22 +2.98 -0.22 

Abietamethinol D -5.82 54.00 -7.02 -6.71 -0.30 -1.96 +1.19 -1.96 

Abietamethinol C -6.76 11.05 -7.66 -7.55 -0.10 -0.84 +0.89 -0.84 
 

 
 
Fig. 6 — Diagrammatic representation of 3D structure and 2D structure of compounds (1-4) respectively, docked with protein 3DLE 
(HIV-1 Reverse Transcriptase). 
 
on the target protein's active site (docked proteins: HIV-1 
Reverse Transcriptase – 3DLE and Envelope 
Glycoprotein gp120 – 4RZ8). The results for the studied 
compounds, as presented in (Figs. 6 & 7, Table 3, and 

Suppl. Tables 6 & 7) indicate that all the studied 
compounds (1-4) show maximum binding energy with 
HIV-1 Reverse Transcriptase in comparison to HIV-1 
Envelope Glycoprotein. Compound 1 shows the highest 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 63, OCTOBER 2026 
 
 

1202

free energy of binding (-7.53 Kcal/mol), compound 3 
shows minimum binding energy (-5.82 Kcal/mol). More 
negative free energy of binding obtained then that docked 
structure may show good interaction between ligand and 
target. The maximum number of hydrogen bonds 
obtained for compound 1 is four.  
 
Conclusion 

In this cheminformatics-based work, an integrated in 
silico approach including DFT calculations, ADMET 
profiling and molecular docking was employed to assess 
the anti-HIV potential of four natural diterpenoid 
compounds, Onishibarin A and B (compound 1 and 2, 
source: Daphne pseudomezereum), and Abietamethinol 
D and C (compound 3 and 4, source: Isodon 
amethystoides). Quantum chemical calculations at the 
DFT B3LYP/6-31G(d,p) level provided basic 
information on the electronic structure, geometrical 
stability and reactivity parameters of the studied 
compounds. The global reactivity descriptors indicated 
that Onishibarin A had the lowest energy band gap (ΔE) 
and the highest electrophilicity index, suggesting its soft 
chemical nature and high propensity for electronic 
interactions. In addition, the local reactivity descriptors 
(Fukui functions and local softness) pointed to 
significant reactive hotspots on the scaffolds, especially 
on oxygen O60 and carbon C10/C25 in Onishibarin A, 
thereby defining the structural regions involved in 
chemical reactivity and potential receptor interactions. 
Pharmacokinetic and safety evaluation with 

SwissADME and ProTox-3.0 showed different profiles 
within the dataset. Abietamethinol C and D showed high 
gastrointestinal absorption, low toxicity, and full 
adherence to Lipinski’s and Veber’s drug-likeness rules, 
while Onishibarin A and B showed moderate 
pharmacokinetic trade-offs due to high molecular 
weights. Molecular docking simulations against 
important HIV targets revealed that all four diterpenoids 
bound preferentially to HIV-1 Reverse Transcriptase 
(RT) (PDB ID: 3DLE) rather than HIV-1 gp120 
Envelope Glycoprotein (PDB ID: 4RZ8). Of these, 
Onishibarin A showed the most promising binding 
affinity (-7.53 kcal/mol), which was stabilised by strong 
hydrogen bonding interactions in the active site. In 
general, the results confirm the experimental anti-HIV 
activity reported in the literature and provide a clear 
theoretical relationship between the distribution of 
electronic charges, pharmacokinetic behaviour and 
affinity for the target. This study demonstrates the 
therapeutic potential of natural diterpenoids, especially 
Onishibarin A, as promising lead candidates for anti-
HIV drug development and provides a rational 
computational basis for future structural optimisation 
and experimental validation. 
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