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ABSTRACT
The ligand–receptor complex formations between the monoamine oxidase–A (MAO–A) enzyme and its
known inhibitors have been examined based on the in silico approach. The conformational structure of
each ligand including moclobemide, tranylcypromine, phenelzine and isocarboxazid, has been allowed to
relax during Molecular Docking (MD) simulation process. The quantitative binding energy and inhibition
constant in addition to the qualitative interacting amino acids and types of interactions indicated that
moclobemide and isocarboxazid could be considered for better enzyme inhibition whereas phenelzine
could not be proposed for this purpose. Moreover, types of interactions and also number of interacting
amino acids showed the favorability of moclobemide and isocarboxazid in comparison with other
investigated ligands structures for MAO–A inhibition.
Keywords: Moclobemide · Tranylcypromine · Phenelzine · Isocarboxazid · Monoamine oxidase · Inhibition
Introduction
Depression is one of the most important mood
disorders, in which so many people all around the
world are challenging with it [1]. The main
initiation of this disorder has not been recognized
yet; but monoamine oxidase–A (MAO–A) enzyme
inhibition could be proposed for its
pharmacotherapy treatment in addition to
psychotherapies [2]. Unfortunately, a certain
inhibitor of MAO–A has not been yet introduced
either, in which so many works have been
dedicated to evaluate new inhibitors for this

dominant enzyme for mood balance [3].
Moclobemide, tranylcypromine, phenelzine and
isocarboxazid (Fig. 1) are all possible inhibitors of
MAO–A [4–8], in which they will be examined here
by their enzyme inhibition activities. Although
they are all known as MAO–A inhibitors, but their
efficacy are different person to person [9].
Discovering a new drug for introducing to
pharmacotherapists is sometimes based on the
available drugs by knowing carefully about their
mechanistic actions [10]. Computer–aided drug
design (CADD) approaches could help very much
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to achieve detailed information about the
complicated biological systems of ligand–receptor
interactions
[11–15].
Moreover,
theses
information
could
help
to
see
the
advantage/disadvantage of a ligand (drug) for
interacting with receptor (enzyme) as an inhibitor.
Based on these aspects, five of known MAO–A
inhibitors will be examined here to compare their
efficacy for enzyme inhibitions. Molecular scale
examinations could be very well performed by the
in silico approaches, in which the theory could
provide insightful information for in vitro and in
vivo analyses [16–25]. Herein, this in silico work
will be performed at the molecular scale to
examine MAO–A inhibition regarding five ligands
including
moclobemide,
tranylcypromine,
phenelzine and isocarboxazid.
Materials and Methods
This work has been performed at the molecular
scale obtaining the 3D molecular structures of
ligands (Fig. 1) including moclobemide (4087),
tranylcypromine (18369), phenelzine (3547) and
isocarboxazid (3628) from the ChemSpider
structural bank [26] and that of MAO–A enzyme
receptor (2BXR) form the Protein Data Bank [27].
The molecular files have been prepared for
Molecular Docking (MD) simulations by the
AutoDock–Tools program to be run by the
AutoDock4 program [28]. The genetic algorithm
for ligand conformational localization with 200
numbers of runs versus the receptor has been
employed for the MD simulations in 70*70*70
dimensions of grid box. The quantitative results
including the binding energies (BE) and inhibition
constants (IK) have been evaluated to compare
the efficacy of ligands versus the receptor (Table
1). Moreover, the interacting amino acids (AA)
have been also evaluated for a qualitative
examination of ligand–receptor interactions
(Table 2). Moreover, the graphical representations
of ligand–receptor complexes have been exhibited
in Fig. 2 for visual analysis of the obtained results.
© SAMI Publishing Company (SPC)
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Fig. 1. 2D view of ligand molecular structures obtained
from ChemSpider [26].
Table 1: Molecular Docking Quantitative Properties*
Property
BE kcal/mol
IK nM
Moclobemide
–7.95
1490
Tranylcypromine
–6.58
15050
Phenelzine
–5.63
74710
Isocarboxazid
–7.11
6140
*

See Figs. 1 and 2 for graphical representations.

Results and Discussion
The results of this work, which have been obtained
by the in silico MD simulations, are all summarized
in Tables 1 and 2 and also in a graphical
representation of ligand–receptor interacting
complexes of Fig. 2. The obtained molecular
structures of ligands including moclobemide,
tranylcypromine, phenelzine and isocarboxazid
are exhibited in Fig. 1. The MD simulations have
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been performed to locate the best ligand
conformation versus the receptor based on the
minimum values of BE and IK [24]. The results
could indicate that moclobemide, as the selective
inhibitor of MAO–A, is the best one among other
investigated ligands by comparing the values of BE
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and IK. Isocarboxazid could be seen as a
competitor for moclobemide, but with lower
efficacy based on the quantitative values.
Phenelzine is at the last position for inhibiting
MAO–A regarding other ligands and the other two
ones are almost in the middle positions.

Table 2: Molecular Docking Qualitative Properties*
Property
H–Bonds AA
Non–H–Bonds AA
Moclobemide
GLN74, ARG206,
TYR69, VAL70, GLY71, PRO72, THR73, SER209,
GLU216
PHE352, TYR407, TRP441, TYR444, FAD600
Tranylcypromine
GLU216
TYR69, VAL70, GLY71, PRO72, THR73, GLN74,
ARG206, ILE207, SER209, ARG217, TRP441,
TYR444
Phenelzine
TYR69, GLN74, GLU216 VAL70, GLY71, PRO72, THR73, ARG206, SER209,
TRP441, TYR444, FAD600
Isocarboxazid
GLN74, TYR444, ILE207 TYR69, VAL70, GLY71, PHE208, SER209, GLU216,
PHE352, TYR407, TRP441, FAD600
*
See Figs. 1 and 2 for graphical representations.

Although the quantitative values could yield
sensible information, but they are not still enough
for making conclusion about the structural
examinations and the qualitative results should be
also examined carefully. To this aim, the
qualitative results of Table 2 indicate important
notes on interacting AA of enzyme with the ligand
structure. For MAO–A inhibition, it is very much
important that the flavin adenine dinucleotide
(FAD) coenzyme should be interacted with the
ligand to inhibit its catalytic activity [29].
Therefore, by the advantage of qualitative analysis
of the MD simulation results, it could be found
that four of ligands are in interaction with FAD but
tranylcypromine does not interact with it.
Moreover, the types of interactions and also the
number of interacting AAs are very much
important to be found for the interacting ligand–
receptor complexes. Both of hydrogen bonds (H–
Bonds) and non–hydrogen bonds (Non–H–Bonds)
interactions are important for the ligand–receptor
complex formations. The investigated ligands
show contributions to both of H–Bonds and Non–
© SAMI Publishing Company (SPC)

H–Bonds interactions with AAs of enzyme. These
information could be also compared with the
quantitative BE and IK values, in which the number
of interactions for moclobemide is larger than all
of other ligands and its corresponding BE and IK
values are more favorable. The qualitative
analyses of interacting ligand–receptor complexes
are very well exhibited in Fig. 2 based on their
interacting AAs and types of interactions. The
graphical representation shows that the
conformational localization of a ligand is very
much dominant for contributing to more favorable
interactions with the receptor, in which the
characteristic properties of ligands are also very
much important to be considered. By the way, the
interacting ligand–receptor complexes of this
work reveal that moclobemide and isocarboxazid
could be considered as better inhibitors of MAO–
A in comparison with the other investigated
inhibitors. The molecular scale studies always yield
insightful information about the smallest size of
compounds, in which the achievements could be
very well used for further investigations.
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Fig. 2. 2D views of interacting ligand–receptor complexes.

Conclusion
The in silico based achievements of this work
indicated that the quantitative and qualitative
analyses of ligand–receptor interactions are very
much important to examine the efficacy of ligand
for enzyme inhibition. Moclobemide, as the well–
known selective inhibitor of MAO–A, showed the
best properties for enzyme inhibition while
isocarboxazid showed also competitive properties
for MAO–A inhibition. All ligands shoed
interaction with FAD but tranylcypromine was an
exception not to interact with FAD. Both of H–

© SAMI Publishing Company (SPC)

Bonds and Non–H–Bonds were presented in the
ligand–receptor complexes. And finally, although
the known inhibitors are doing reasonably, but the
way of further investigations on MAO–A inhibition
is still open for the researchers. Improving both of
pharmacokinetic
and
pharmacodynamic
properties are crucial to achieve better efficacy for
novel MAO–A inhibitors.
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