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Abstract
Acridine derivatives, especially 1,8-dioxo-9-aryl-decahydroacridine represent significant
scaffolds in medicinal chemistry. Given the biological properties of such products which
are used in drug development, they need to have appropriate carrier. Proteins are
generally used as helpful tools in drug delivery. Consequently, molecular docking
between these compounds and bovine serum albumin (BSA) has been taken into
account. Furthermore, in order to achieve better results, the suggested compounds have
been optimized using Gaussian 03 software.
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Introduction
Heterocyclic compounds containing one or more
nitrogen atoms in their ring have a great importance
in pharmaceutical research (1). Acridine
derivatives,
especially
1,8-dioxo-9-aryldecahydroacridine represent significant scaffolds in
the medicinal chemistry (2, 3). In spite of their
popular properties as effective treatments for
cardiovascular diseases like angina pectoris(4)and
hypertension(5), they have been used to synthesize
labeled conjugates with medicinal drugs, peptides,
proteins, and nucleic acids which exhibit antitumor
and DNA-binding properties(6-8).

Therefore, the molecular docking study between
these compounds and DNA and proteins is
considered as useful. Molecular docking is a key
tool in structural molecular biology and computerassisted drug design. The goal of ligand-protein
docking is to predict the predominant binding
mode(s) of a ligand with a protein of known threedimensional structure. Successful docking methods
search high-dimensional spaces effectively and use
a scoring function which correctly rank candidate
dockings. Docking can be used to perform virtual
screening on large libraries of compounds, rank the
results, and propose structural hypotheses of how
the ligands inhibit the target, which is invaluable in
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lead optimization. Computational chemistry can
also be used to achieve better results (9).

Computational study
Density functional theory (DFT) calculations
have been performed using the gaussian03
program (10). In these calculations, Becke’s threeparameter hybrid exchange functional has been
used and combined with the gradient-corrected
correlation functional of Lee, Yang, and Parr at
B3LYP level of theory and with 6-311g* standard
basis set for all atoms(11, 12). The geometry
optimization and vibrational frequencies of all
chosen compounds have also been calculated.

Molecular docking investigation
Docking calculations between our synthesized
compounds and Bovine serum albumin have been
performed using Auto Dock 4.2.(13). Using the
Gaussian 03 program, the structures of the
prepared compounds have been optimized. BSA
crystal structure (PDB ID: 3V03) has been obtained
from Protein Data Bank (www.pdb.org )(14). The

docking calculations have then been done using the
lamarckian genetic algorithm (LGA) for ligand
conformational searching(15). in order to recognize
the binding sites in BSA, blind docking has been
performed, with the grid size set to 110, 110, and
110 along the X-, Y- and Z-axes with 0.375 ˚ A grid
spacing. The conformation with the lowest binding
free energy was applied for further analysis.

Results and discussions
DFT studies
Using the density functional theory (DFT) at
B3LYP level of theory with the 6-311G (d) basis set,
geometries of all compounds were optimized in gas
phase. Besides, through the calculation of their
vibrational frequencies, the considered structures
were all characterized. A comparison was made
between the IR spectra of the calculated structures
and the spectra of the synthesized compounds,
confirming they were in a good agreement.
Optimized structures of the compounds 1-13 are
shown in Figure 1.
Furthermore, Figure 2 depicts a comparison
between experimental FT-IR spectra and calculated
FT-IR spectra for compound 1.

Figure 1. The optimized structure of compounds 1-13
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Figure 2. The comparison of the experiments and
calculation of the F-TIR spectroscopic of compound 1

Figure 3. The structure of BSA and its main cavities
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Figure 4. Compounds 1-13 docked in their binding sites
Tables 1-13. Best result in molecular docking for all cavities in BSA
Structure of all compounds
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Figure 5. The hydrogen bond interactions and amino acid residues between compounds 1-13 and BSA

Molecular docking
First, for preliminary estimation of the possible
connection sites, a series of seven cavities on the
BSA structure have been characterized and shown
in Figure 3. In fact, these cavities are the sites with
spatial capability to involve ligands and permit them

to penetrate. Molecular dockings of all compounds
for all seven cavities have also been investigated.
According to the molecular docking results, the
most powerful connection was suggested to be in
cavity 2. The results for all compounds are listed in
Tables 1-13 and Figure 4 showing the schematic
view of the results in all compounds.
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Therefore, in this context, further experiments have been carried out. Figure 5 demonstrates the interactions
between all compounds and BSA. Besides, this figure represents the existing hydrogen bonds upon the reaction
mentioned above. The surface of electrostatic interaction between ligand and BSA structure for all compounds
are illustrated in Figure 6.

Figure 6.The electrostatic interactions between compounds 1-13 and BSA
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Conclusion
For preliminary estimation of the possible
connection sites as well as a series of seven
cavities on the BSA structure have been
characterized. These cavities are the sites spatially
capable of absorbing the ligands, allowing them to
penetrate. Additionally, the present study has

investigated the molecular dockings of all
synthesized compounds in the seven mentioned
cavities. According to the results of the molecular
docking, the most stable interaction among the
selected compounds was in cavity 2 where the
value of interaction energy was more negative
compared to others.
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