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ABSTRACT The drug likeness model score revealed a positive score for toddanol and tod-
Background: Acquired immunodeficiency syndrome caused by human danone which is comparable to the drug likeness score of the standard anti
immunodeficiency virus (HIV) is an immunosuppressive disease. Over the HIV drug zidovudine. Results from simulation analysis revealed that toddanol
past decades, it has plagued human health due to the grave consequences RT complex is more stable than toddanone RT complex inferring toddanol as
in its harness. Objective: For this reason, anti-HIV agents are imperative, a potential anti HIV drug molecule.

and the search for the same from natural resources would assure the
safety. Materials and Methods: In this investigation we have performed
molecular docking, molecular property prediction, drug-likeness score,

and molecular dynamics (MD) simulation to develop a novel anti-HIV drug. i }5&6 ‘ﬂ J
We have screened 12 alkaloids from a medicinal plant Toddalia asiatica o : I L — gl e S "h"
for its probabilistic binding with the active site of the HIV-1-reverse e F__ -ﬁ"" "y LT
transcriptase (HIV-1-RT) domain (the major contributor to the onset of :

the disease). Results: The docking results were evaluated based on free . ' /

energies of binding (AG), and the results suggested toddanol, toddanone, : *"""""'\ﬁw
and toddalenone to be potent inhibitors of HIV-1-RT. In addition, the alkaloids I x

were subjected to molecular property prediction analysis. Toddanol and
toddanone with more rotatable bonds were found to have a drug-likeness
score of 0.23 and 0.11, respectively. These scores were comparable with
the standard anti-HIV drug zidovudine with a model score 0.28. Finally, two
characteristic protein-ligand complexes were exposed to MD simulation to
determine the stability of the predicted conformations. Conclusion: The
toddanol-RT complex showed higher stability and stronger H-bonds than ~ Abbreviations used: HIV: Human immunodeficiency virus, HIV 1 RT.
toddanone-RT complex. Based on these observations, we firmly believe ~ HIV 1 reverse transcriptase, RNase H: Ribonuclease H, MD: Molecular

that the alkaloid toddanol could aid in efficient HIV-1 drug discovery. dynamics, PDB: Protein databank, RMSD: Root A o T
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INTRODUCTION either RNA or DNA template, and ribonuclease H (RNase H) activity to
cleave the RNA strand in the DNA-RNA heteroduplex./*”? HIV-1-RT is
a heterodimer with P and P*' subunits. The P* subunit contains both
the polymerase and RNase H domains, whereas the P°' subunit lacks

Acquired immunodeficiency syndrome is caused by the notorious
human immunodeficiency virus (HIV)! that infects vital cells in the
human immune system specifically CD4* T cells and dendritic cells.?
There are two different types of HIV, namely HIV-1 and HIV-2 that differ
in their virulence. HIV-2 is less pathogenic and restricted to West Africa;  Thisis an open access article distributed under the terms of the Creative Commons
the former is a cause of serious concern, and it is most common]y Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
known as HIV. HIV-1 has various strains, which are further classified tweak, and build upon the work non-commercially, as long as the author is credited
i ’ ’ and the new creations are licensed under the identical terms.
into groups and subtypes.”! There are three key enzymes needed for
the development of virion, and one among them is HIV-1-reverse
transcriptase (HIV-1-RT). HIV-1-RT has a significant role in the initial
o s . . . .
stages of HIV Fephcatl(.)n. . Transformation of smgle. strande.d viral Cite this article as: Priya R, Sumitha R, Doss CG, Rajasekaran C, Babu S,
RNA (the genetic material) into double-stranded DNA is a crucial step | Seenivasan R, et al. Molecular docking and molecular dynamics to identify
in the course of HIV replication, and it is catalyzed by RT RT has two a novel human immunodeficiency virus inhibitor from alkaloids of Toddalia asiatica.
distinct enzymatic activities such as DNA-polymerase activity to copy | Phcog Mag 2015;11:414-22.
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the C-terminal RNase domain. Thus, targeting P domain could serve
as a better therapeutic strategy against HIV. Several clinically proven
anti-HIV agents are nucleosides, and their use is inadequate due to
severe toxicity and the intrinsic ability of HIV to develop resistance.
Hence, there is a dire need for safer alternatives (natural products), that
might prove effective in targeting the HIV-1-RT, the major cause of the
onset and manifestation of the pathology.

The plant-derived natural products have been in use for thousands of years
and remain an essential component of the pharmaceutical industry.’®*!
The secondary metabolites from most of the plants are recognized to have
antimicrobial, anticancer, and anti-inflammatory activities."” Among
them, 20% of alkaloids from plant species have a nitrogen group containing
alow-molecular weight compound that intimate the information about the
structure and function of alkaloids such as resistance against herbivores,
virus, and microbes." In India and China, Toddalia asiatica (Rutaceae)
commonly known as an orange climber, forest pepper, and lopez root has
been used as a medicine, especially for its bioactive alkaloids.!''* From
aerial to root part, the plant has several medicinal values, such as antiviral,
antiplatelet, and analgesic activities."” Nitidine is an important alkaloid
that is obtained from the roots of T. asiatica.'! It acts as an antimalarial
drug, and it has also been reported to inhibit human lymphoblastoid cell
killing by HIV-1. Magnoflorine, an another alkaloid from the members
of Rutaceae (Fagara, Phebalium, and Zanthoxylum) has less anti-HIV
activity with a maximum cytoprotection of 50%.!"”!

In the present investigation, attempts have been made to explore
the interaction of 12 alkaloids of T. asiatica with the active site of RT
particularly encompassing the P* subunit using Autodock v4.0 software
to propose its efficiency as an anti-HIV agent. Furthermore, the alkaloids
were subjected to molecular properties prediction and drug-likeness

score to filter and confirm for their anti-HIV activity. The dynamics
study was performed to understand the stability and flexibility of the
protein-ligand complex to identify pharmacological targets. This is the
first report on in silico approach on figuring out the probable interactions
of various alkaloids of T. asiatica with HIV-1-RT.

MATERIALS AND METHODS

Receptor and ligand preparation

The three-dimensional (3D) structure of HIV-1-RT (protein databank
[PDB] ID: 1REV) was obtained from the PDBI"! Co-crystallized
ligands were identified and removed from the structure of 1REV!"
and then crystallographic water molecules were excluded from the
3D coordinate file. Phytochemical alkaloids (ligands) nitidine and
magnoflurine from T asiatica® which were already reported as
anti-HIV alkaloid, were taken for in silico docking studies and when
compared with other alkaloids of the same species such as toddaline,
toddaquinoline, toddasine, toddanol, toddanone, toddalenone,
flindersine, toddacoumalone, toddacoumaquinone, and toddalenol. The
structures of the alkaloids [Figure 1] were drawn using chemsketch.?!) A
geometry optimization for each compound was performed using UCSF
Chimera.” The UCSF Chimera program added Gasteiger atomic partial
charges and was run for 10,000 steps of energy minimization.®!

Active site prediction

A small region or cleft where the ligand molecule can bind to the receptor
protein and produce the preferred outcome is termed as an active site/
catalytic site. Identification of this active site residue in the target protein
structure has a great range of applications in molecular docking and de
novo drug designing. Accurate identification of this catalytic binding
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Figure 1: Two-dimensional structure of alkaloids used in this study (a) nitidine (b) magnoflurine (c) toddaline (d) toddaquinoline (e) toddasin (f) toddanol (g)
toddanone (h) toddalenone (i) flindersine (j) toddacoumalone (k) toddacoumaquinone and (l) toddalenol
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site is difficult due to the constant conformational changes of the target
protein.! The catalytic residue of protein 1REV was examined with the
help of a Q-Site Finder, which uses a simple van der Waals probe and the
interaction energy to locate energetically favorable binding sites.*"!

Molecular docking using Autodock

The flexible docking study was carried out using Autodock v4.0. The
3D structure of HIV-1-RT (1REV) and the alkaloids were submitted in
PDB format with default parameters. Essential hydrogen atoms, Kollman
united atom type charges, and solvation parameters were added with the
help of Autodock tools.??! With the help of the chimera program, the 3D
structures of the ligand molecules were built, optimized, and changed into
a Mol2 file. Furthermore, the nonpolar hydrogen atoms were assigned to
the atom and the resulting files were saved as PDBQT files. The binding
site for the ligands on HIV-1-RT was identified using Q-Site Finder
online server. The grid-based approach was used to minimize the run
time; the grid size was set to 60 x 60 x 60 xyz points with a grid spacing of
0.385 A. The docking simulation was done using the Lamarckian genetic
algorithm.”” Each docking experiment was derived from 10 different
conformations. The interaction analysis of protein- ligand complexes
and their amino acid position with bond distances were calculated and
visualized through the PyMol.?®) Hydrophobic contacts were analyzed
using Ligplot.”*”!

Prediction of physiochemical properties

Generally, molecules comprising functional groups have certain
properties that are similar to known drugs. Therefore, calculating the
molecular property is significant in producing a good oral drug, and it
is shown to be an important feature in drug discovery and development.
Molinspiration server® was used to predict the molecular property of
the alkaloids that predicts both physiochemical and pharmacological
properties such as LogP, hydrogen bonding characteristics, molecular
size, and rotatable bonds. The combined effect of physicochemical
properties, pharmacokinetics and pharmacodynamics, and the
drug-likeness model score were identified using molsoft server. Thus,
the alkaloids were subjected to Molinspiration and molsoft online
server analysis. Furthermore, the scores were compared with the
standard anti-HIV drug. Lipinski’s rule of five®) was used to evaluate the
acceptability of the alkaloids.

Protein-Ligand complex simulation

The simulation of the ligand-enzyme complex was performed using the
GROMACS 4.5.5 software.*? Ligand-enzyme complexes with the lowest
binding energy were selected for molecular dynamics (MD) simulation.
The ligand parameters were analyzed using PRODRG online server® in
the framework of the GROMOS force-field 43a1.+%! The ligand-enzyme
complex was solvated using a simple point charge® water box under
periodic boundary conditions using 1.0 nm distance from the protein
to the box faces. The system was then neutralized by Cl~ or Na* counter
ions for toddonal-RT and toddanone-RT complex systems, respectively.
Energy minimization was done for 1,000 steps by the steepest descent
method.”” For the sake of flowing energy minimization, the systems were
equilibrated under constant number of particles, volume, and temperature
conditions for 100 ps at 300K, followed by 100 ps under constant number
of particles, pressure, and temperature conditions. All the covalent bonds
with hydrogen atoms were constrained using the Linear Constraint Solver
algorithm. The electrostatic interactions were treated using the Particle
Mesh Ewald method. Finally, MD simulation was performed for 20 ns
to check the stability of the ligand-enzyme complexes.

The potential of each trajectory produced after MD simulations were
analyzed using g_rms, g rmsf, and g_hbond of GROMACS utilities,*”!
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and the root mean square deviation (RMSD), root mean square
fluctuation (RMSF), and the number of H-bonds formed between the
ligand and the enzyme were obtained. The graphs were produced using
the XM grace tool.[*")

RESULTS AND DISCUSSION

Binding site and ligand conformation

The 3D structure of HIV-1-RT is analyzed, and alkaloids are optimized
to have minimal potential energy using chimera. The catalytic site amino
acid residues are identified for HIV-1-RT using Q-site Finder. Among
the 10 sites obtained from Q-site Finder, site 2 is selected for docking
analysis. The catalytic site amino acids in domain A of HIV-1-RT are
Pro-95, Pro-97, Gly-99, Leu-100, Lys-101, Lys-102, Lys-103, Val-106,
Arg-172, lle-178, Val-179, Ile-180, Tyr-181, Tyr-183, Tyr-188, Val-189,
Gly-190, Pro-225, Phe-227, Tyr-229, Leu-234, His-235, Pro-236,
Asp-237, and Tyr-318. These catalytic site residues are loaded as an
input in Autodock4.0, which deletes other amino acid residues and
select only the catalytic site amino acids of the HIV-1-RT. Evaluation
of binding mode and its stability of alkaloids with HIV-1-RT are
performed using Autodock. From docking analysis, we listed ligand
binding conformation of alkaloids based on binding energy [Table 1].
The binding conformation for each compound into the HIV-1-RT is
determined, and the one having the lowest binding energy among the
different conformations is generated. The lower energy scores represent
better protein-ligand binding affinity as compared to higher energy
values. Among the all ligands, toddanol, toddanone, and toddalenone
are found to have a lower binding energy value than the other alkaloids.
Toddanol has the least binding affinity with HIV-1-RT (binding energy
value = —7.76 kcal/mol), binding energy value of toddanone is —6.02
kcal/mol, and the binding energy value for toddalenone is 5.94 kcal/mol.
From the docking analysis, the differences are noted in the binding mode
of toddanol, toddanone, and toddalenone with HIV-1-RT.

The binding affinity of toddanol, toddanone, and toddalenone with
HIV-1-RT is investigated in detail. On analysis of the binding mode of
toddanol into the catalytic site of HIV-1-RT, it is found that the residues
Pro-226, Leu-228, Tyr-188, and Lys-223 are involved in the H-bond
interaction, and they contributed four hydrogen bonds [Figure 2].
Interaction analysis of toddanone with HIV-1-RT, the residues Lys-223,
Tyr-188, Leu-228, and Glu-224 are in H-bond contact with toddanone
and they shared six hydrogen bonds [Figure 3]. The binding mode of

Table 1: Docking results of alkaloids from Toddalia asiatica with HIV-1-RT

Ligand name Ligand Estimated free  Interacting
efficiency energy of binding residues
(AG), kcal/mol
Nitidine -0.27 -5.73 Leu-228, GLY-93
Magnoflurine -0.35 -5.72 GLY-93, Ala-271
Toddaline -0.26 -3.76 Leu-228
Toddaquinoline -0.37 -3.65 GLN-161, GLN-182
Toddasine -0.27 -5.33 Glu-224, Pro-226
Toddanol -0.28 -7.76 Pro-226, Leu-228,
Tyr-188, Lys-223
Toddanone -0.27 —-6.02 Glu-224, Glu-224,
Leu-228, Tyr-188,
Lys-223
Toddalenone -0.25 -5.94 LSU-228, Lys-223,
Met-230
Flindersine -0.22 —4.42 Leu-229
Toddacoumalone 0 0 No interaction
Toddacoumaquinone -0.18 -4.33 Glu-224, Pro-226
Toddalenol -0.14 -3.71 GLN-910, Leu-92

HIV-1-RT: Human immunodeficiency virus-1-reverse transcriptase
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Figure 2: Docking results of toddanol against 1REV. (a) Binding mode of toddanol in 1REV. (b) Toddanol interaction with 1REV. Ligand atoms are colored by
their type. The interacted amino acid residues and hydrogen bond networks in the binding pocket are shown

Figure 3: Docking results of toddanone against 1REV. (a) Binding mode
of toddanone in 1REV (b) Toddanone interaction with 1REV. Ligand
atoms are colored by their type. The interacted amino acid residues and
hydrogen bond networks in the binding pocket are shown

toddalenone with HIV-1-RT reveals that only three amino acid residues,
Leu-228, Met-230, and Lys-223 are involved in the formation of only
three hydrogen bonds [Figure 4]. From the interaction analysis of
toddanol, toddanone, and toddalenone with HIV-1-RT, it is found that
polar and aromatic amino acids (Tyr-188, Lys-223) play an important
role in ligand binding interaction.

Hydrophobic interaction

Hydrophobic interactions play a significant role in the ligand-enzyme
interaction. The residues of HIV-1-RT participating in the hydrophobic
contact with toddanol, toddanone, and toddalenone are analyzed
using Ligplot tool. In toddanol HIV-1-RT complex analysis, Trp-226,
Tyr-181, Tyr-188, val-189, Gly-190, Val-179, Leu-100, Val-106,

Pharmacognosy Magazine, Oct-Dec 2015, Vol 11, Issue 44 (Supplement 3)

Lys-102, Pro-236, Tyr-318, Phe-227, Lys-101, His-235, and Leu-234
are formed hydrophobic bonds with toddanol [Figure 5a]. From the
toddanone HIV-1-RT complex analysis, it is found that the residues
Tyr-181, Trp-229, Phe-227, Leu-100, Leu-234, Lys-101, Tyr-318,
Pro-238, His-235, Tyr-188, Val-179, Val-189, Val-106, and Gly-196 are
participating in hydrophobic interactions with toddanone [Figure 5b].
On hydrophobic interaction analysis of toddalenone HIV-1-RT
analysis, the residues Leu-282, GIn-278, and Arg-227 are involved in
hydrophobic contact with toddalenone [Figure 5¢]. On comparing the
three complexes, more number of residues contributed to hydrophobic
interaction with toddanol than the other two compounds toddanone
and toddalenone. From the Figure 5, it is observed that the residues
Tyr-181, Val-189, Val-179, Leu-100, Val-106, Phe-227, and His-235
are involved in hydrophobic interaction in toddanol-HIV-1-RT and
toddanone-HIV-1-RT complexes revealing that these residues have a
crucial role in ligand binding.

LogP value and “Lipinski’s rule of five” properties

The physiochemical and pharmaceutical properties such as
LogP value (octanol/water), molecular weight, number of hydrogen
bond acceptors, number of hydrogen bond donors, and number of
rotatable bonds for each alkaloid are analyzed. These properties are
evaluated based on Lipinski’s rule of five that predicts drug-likeness/
identifies the biological or pharmacological activity that would aid in
making a good oral active drug. Lipinski’s rule of five states that most
of the molecules with good membrane permeability will have LogP <5,
molecular weight <500, the number of hydrogen bond acceptors <10,
and the number of hydrogen bond donors <5.1"* Hence, the alkaloids
from T. asiatica except toddacoumalone, which had no interaction
with HIV-1-RT are evaluated for various parameters that would help
to adjudge the particular substance to be a probable drug. According
to Lipinski’s rule, 12 alkaloids are found to possess possible drug-like
characteristics based on Lipinski’s rule of 5. A number of rotatable bonds
are important for conformational changes of molecules and ultimately
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Figure 4: Docking results of toddanolenone against 1REV. (a) Binding
mode of toddanolenone in 1REV. (b) Toddanolenone interaction with
1REV. Ligand atoms are colored by their type. The interacted amino acids
residues and hydrogen bond networks in the binding pocket are shown

for the binding of receptors or channels. It has been reported that the
number of rotatable bonds should be <10 for passing oral bioavailability
criteria.*”! The alkaloids under investigation had low to high number of
rotatable bonds (0-8 in general), with toddanol and toddanone having
eight rotational bonds. We took toddanol and toddanone for further
analysis as they can exhibit large conformational flexibility due to more
number of rotable bonds [Table 2].

The computed drug-likeness model score is shown in Figure 6, where
green color indicates no drug-like behavior and blue color indicates
drug-like behavior. Compounds having zero or negative value should not
be considered as drug-like. Computed drug-likeness scores are negative
for most of the alkaloids, except toddanol and toddanone which had a
score of 0.23 and 0.11. These scores are much comparable to the standard
anti-HIV drug zidovudine (0.18) [Table 2].144 This result assures that
toddanol and toddanone are good bioactive molecules that can be used
as inhibitors of HIV-1-RT.

Molecular dynamic simulations

MD simulations are carried out to determine the structural stability
within a nanosecond time scale for toddonol-RT and toddanone-RT
complexes. These two complexes are selected based on their least binding
energy and are subjected to 20 ns MD simulations, and the results are
analyzed.

Root mean square deviation

RSMD, a crucial parameter to analyze the equilibration of MD
trajectories, is estimated for backbone atoms of the toddanol-RT and
toddanone-RT complexes. Measurements of the backbone RMSD for
the two complexes provided insights into the conformational stability.
The comparisons of the RMSD value of toddanol-RT and toddanone-RT
complexes are shown in Figure 7. Until 3,120 ps, there is a slight
increase in the RMSD value of the toddanol-RT complex structure
to 0.91 nm. Then the RMSD value of toddanol-RT dropped down to
0.37 nm between 3,150 ps and 5,054 ps. From 14,000 ps to 18,000 ps
there are clear noticeable deviations in the backbone RMSD value of
the toddanol-RT complex structure. After that, there are not many
deviations in the RMSD value of the toddanol-RT complex structure.
The toddanone-RT complex shows a slight rise in the RMSD value
at 1,000 ps; after that, it attained the RMSD value of 0.7 nm. It shows
the highest RSMD value of 0.8 nm at 14,196 ps. Both the trajectories
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Figure 5: Schematic representation of the hydrophobic interaction
between (a) Toddanol and human immunodeficiency virus-1-reverse
transcriptase  (b) Toddanone and human immunodeficiency
virus-1-reverse transcriptase and (c) Toddalenone and human
immunodeficiency virus-1-reverse transcriptase generated using the
Ligplot program. Hydrophobic bonds are indicated by an arc with spokes
radiating toward the ligand atoms they contact. The interacting atoms are
those with their spokes radiating back

Table 2: Molecular properties of alkaloids obtained from molinspiration

Ligand name LogP HBD HBA nRotb Mw DLMS
(<5) (<5) (<10) (<7) (<500)

Nitidine 0.553 0 5 4 348.378 0.28
Magnoflurine 1.256 2 5 4 342.415  0.61
Toddaline 0.751 0 5 2 348378  -0.69
Toddaquinoline 2.895 1 4 0 239.23  —0.64
Toddasine 2.685 1 5 5 290.315 -0.54
Toddanol 4.685 1 5 8 290.315  0.23
Toddanone 4.430 0 5 8 290.315  0.11
Toddalenone 3.051 0 5 4 274272  -0.56
Flindersine 2.594 1 3 0 227263  -1.07
Toddacoumalone - - - - - -
Toddacoumaquinone  1.813 2 7 4 410422  -0.85
Toddalenol 4.208 0 4 4 288.343  -0.22

LogP: Logarithm of compound partition coefficient between n-octanol and water;
HBD: Number of hydrogen bond acceptors; HBA: Number of hydrogen bond
donors; nRotb: Number of rotatable bonds; MW: Molecular weight; DLMS: Drug-
likeness model score

converge at 20,000 ps. Based on these results, we conclude that the
stability of the toddanol-RT complex is higher than the toddanone-RT
complex.

Root mean square fluctuations

The RMSF of the backbone atoms of each residue in the toddanol-RT
and toddanone-RT complex was analyzed to observe the flexibility of
the enzyme backbone structure. The high RMSF value shows more
flexibility whereas low RMSF value shows limited movements. The
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Figure 6: Drug-likeness model score of alkaloids when compared with standard anti-human immunodeficiency virus drug. (a) Toddanol (b)

toddanone (c) Anti-human immunodeficiency virus drug: Zidovudine
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Figure 7: Root mean square deviation of the backbone atoms of docked
complexes at 300K, Green color indicates toddanol-reverse transcriptase
complex and toddanone-reverse transcriptase complex is shown in violet

RMSF graph for toddanol-RT and toddanone-RT complex is shown in
Figure 8. Toddanone-RT complex attained a high level of fluctuation in
the residue positions 138, 251, 288, 436, and 543. The residues 288 and
555 are also seen to show great fluctuation up to 0.7 nm and 1.20 nm.
The fluctuations at certain residues are seen to be very high and large.
In the toddanol-RT complex the residues 87, 452, and 471 are shown
to have maximum fluctuation. The RMSF analysis revealed that the
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Figure 8: Root mean square fluctuation of the backbone atoms of docked
complexes at 300K, green color indicates toddanol-reverse transcriptase
complex and toddanone-reverse transcriptase complex is shown in violet

flexibility of toddanone-RT is overall higher than the toddanol-RT

complex system.

H-bond

The intermolecular H-bonding between the protein and ligand plays
a vital role in stabilizing the protein-ligand complexes. The stability of
hydrogen bond network formed between toddanol and RT is calculated
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Figure 9: Total number of intermolecular H-bonds between the ligand and enzyme complex versus time at 300K (a) H-bond between toddanol-reverse
transcriptase is shown in green color (b) H-bond between toddanone-reverse transcriptase is shown in violet color (c) inter-molecular H-bonds of both the
docked complexes. For clarity’s sake, each complex is also shown separately in (a) and (b)

throughout the 20 ns simulation period. The total number of H-bonds
in the toddanol-RT and toddanone-RT complexes versus time at 300K
is shown in Figure 9. Toddanol-RT complex exhibited four H-bonds
throughout the simulation time period, which indicates that the toddanol
has stable and strong H-bonds with RT.

CONCLUSIONS

In the present study, the molecular docking and MD simulations are
performed to explore the possible binding mode of HIV-1-RT with 12
alkaloids of T. asiatica. The best ligand conformation is chosen based
on binding free energy value, hydrogen bonding, and hydrophobic
interaction. The conclusion drawn from the docking analysis is that
toddanol, toddanone, and toddalenone have the highest binding affinity
with HIV-1-RT. Subsequently, the molecular property screening of 12
alkaloids satisfied the Lipinski’s rule of five. The drug-likeness model
score revealed a positive score for toddanol and toddanone which is
comparable to the drug-likeness score of the standard anti-HIV drug
zidovudine. Furthermore, MD simulation is performed to analyze the
binding stability of toddanol-RT and toddanone-RT complexes. RMSD,
RMSE and H-bond results reveal that toddanol-RT complex is highly
stable as compared to the toddanone-RT complex. Though there are
several reports on the medicinal use of alkaloids from T. asiatica, there
is no in silico study predicting the anti-HIV activity of toddanol. Our
study is perhaps the first to attempt inferring that toddanol is a potential
anti-HIV drug molecule. Hopefully, the proposed molecule can be put
forward for a constructive concept of designing HIV inhibitors. Thus, it
might be a useful candidate for HIV therapy.
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