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Abstract

There is ongoing interest in alternative CNS-active scaffolds since depression is still a major cause of disability
worldwide and current antidepressants are hampered by delayed beginning of action, partial response, and side
effects. In addition to their well-known anxiolytic, sedative, anticonvulsant, and anti-inflammatory qualities,
1,5-benzodiazepines have demonstrated developing antidepressant action associated with GABAergic
regulation, which makes them appealing candidates for computational study as antidepressant drugs. In order to
evaluate ligand-receptor interactions, a number of 1,5-benzodiazepine derivatives were molecularly docked
against the human GABA-A receptor (PDB ID: 6X3X), a cryo-EM structure co-crystallized with diazepam that
offers a physiologically relevant benzodiazepine-binding site. AutoDock Vina was used for docking, and the co-
crystallized diazepam was used as a reference to examine the docked derivatives' binding affinities, hydrogen-
bonding patterns, and important amino acid interactions. SwissSADME was used to predict drug-likeness and
pharmacokinetic behavior, such as gastrointestinal absorption, blood-brain barrier permeability, and cytochrome
P450 interactions, while ProTox-III was used to assess acute toxicity and organ-specific toxicity endpoints.
Promising antidepressant leads were found to have favorable binding affinities for the GABA-A receptor,
compliance with Lipinski’s rule of five, and acceptable anticipated toxicity profiles. A quick, economical, and
animal-saving method for ranking 1,5-benzodiazepine derivatives for additional synthesis and pharmacological
validation is provided by the integrated in-silico approach that combines molecular docking, ADME/T
prediction, and toxicity profiling. These results provide a logical foundation for future structure-based
optimization of GABA-A-targeted antidepressant candidates and validate the therapeutic repurposing potential
of the 1,5-benzodiazepine scaffold beyond its traditional uses.
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INTRODUCTION
Anhedonia, persistent poor mood, and reduced
cognitive and physical functioning are the

treatment of depression [1]. Despite being the
cornerstone of clinical management, these drugs

hallmarks of depression, a prevalent and crippling
mental illness. The World Health Organization
estimates that 280 million individuals worldwide—
nearly 5% of all adults—have depression, with a
significantly higher prevalence among women than
males. Beyond its psychological effects, depression
continues to be one of the main causes of suicide,
which takes over 700,000 lives each year, and is
strongly associated with increased morbidity from
diabetes, cardiovascular disease, and other chronic
illnesses. The majority of afflicted people,
especially in low- and middle-income nations, do
not receive proper care despite the availability of
effective medicines, highlighting the critical need
for easily available and efficient antidepressant
therapies [1]. Currently, tricyclic antidepressants
(TCAs), monoamine oxidase inhibitors (MAOIs),
selective serotonin reuptake inhibitors (SSRIs), and
serotonin-norepinephrine ~ reuptake  inhibitors
(SNRIs) play a major role in the pharmacological
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have a number of side effects, such as sexual
dysfunction, weight gain, gastrointestinal problems,
and cardiotoxicity, as well as delayed onset of
therapeutic action, incomplete remission rates, and
treatment resistance in a significant portion of
patients. These constraints continue to motivate
research in medicinal chemistry to find new
molecular scaffolds with enhanced safety and
effectiveness profiles that can modify central
nervous system (CNS) pathways linked to mood
regulation [1].

One of the classes of CNS-active heterocycles that
has been investigated the most is benzodiazepines.
Benzodiazepines, which are structurally defined by
a seven-membered diazepine ring fused with a
benzene ring, primarily affect anxiety, seizure
threshold, sedation, and muscle tone by
allosterically modulating the gamma-aminobutyric
acid type A (GABA-A) receptor complex. Among
the different isomeric forms, 1,5-benzodiazepines
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have garnered special interest in medicinal
chemistry because of their simple synthesis, usually
by condensing o-phenylenediamine with ketones or
o, B-unsaturated carbonyl compounds, and their
exceptional biological action, which goes beyond
traditional anxiolytic and hypnotic effects to
include anticonvulsant, analgesic, anti-
inflammatory, and antidepressant properties.
Potency and  selectivity  across  various
pharmacological domains have been demonstrated
to be modulated by structural modification of the
1,5-benzodiazepine core via Mannich and Schiff
base chemistry as well as the addition of electron-
withdrawing substituents [2-5]. In preclinical
behavioral models like the forced swim test and tail
suspension test, a number of benzodiazepine
analogs have shown notable antidepressant-like
activity. Mechanistic studies have revealed a
GABAergic component involving increased
hippocampal GABA levels and upregulation of
GABA-A receptor subunit expression in the
prefrontal  cortex  [6]. 1,5-benzodiazepine
derivatives are promising candidates for
repurposing and rational design as novel
antidepressant agents because of the well-
established interaction between GABAergic and
monoaminergic signalling in the regulation of
mood and the favorable CNS-penetrant
physicochemical  character typical of the
benzodiazepine scaffold. The traditional drug
discovery process, which entails synthesis and in
vivo pharmacological testing, is costly, time-
consuming, and increasingly limited by ethical
issues related to animal testing. Therefore, early-
stage drug development now relies heavily on
computer-aided drug design (CADD) techniques,
such as molecular docking and in-silico prediction
of absorption, distribution, metabolism, excretion,
and toxicity (ADME/T) features. Programs like
AutoDock Vina, which combine an effective search
algorithm with an empirical scoring function, are
frequently used for this purpose due to their
favorable balance of speed and accuracy. Molecular
docking allows prediction of the binding mode and
relative binding affinity of candidate ligands within
the active site of a biological target, allowing for
quick virtual screening and prioritization of
compounds prior to synthesis [7]. SwissADME and
other complementary in-silico technologies enable
quick, ligand-based prediction of physicochemical
characteristics, drug-likeness, and pharmacokinetic
behavior, including blood-brain barrier
permeability, a crucial factor for CNS-targeted
drugs [8]. Similar to this, toxicity prediction servers
like ProTox-II provide a quick and less-animal-
testing substitute for traditional toxicity screening
by combining molecular similarity, toxicophore
identification, and machine-learning models to
estimate acute toxicity, hepatotoxicity,
mutagenicity, and other toxicological endpoints [9].
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A rigorous in-silico evaluation that combines
molecular docking against pertinent antidepressant
targets with thorough ADME/T and toxicity
profiling of this scaffold is still lacking in the
literature, despite the established pharmacological
flexibility of 1,5-benzodiazepines. In addition to
flagging compounds with unfavourable
pharmacokinetic or toxicological liabilities early
on, such an integrated computational approach can
offer important mechanistic insight into ligand-
receptor interactions, simplifying subsequent
synthetic and biological evaluation efforts. With the
overall goal of identifying promising lead
candidates for additional experimental development
as safe and effective antidepressant agents, the
current study was conducted to investigate the
antidepressant potential of a series of 1,5-
benzodiazepine derivatives through molecular
docking studies against pertinent CNS targets
implicated in depression, coupled with in-silico
prediction of their ADME/T properties and toxicity
profiles.

1. Materials and Methods
2.1 Tools/ Software’s used in in-silico studies
Chem Draw Ultra 12.0: This is used to compute
molecular descriptors, create chemical structures,
and optimize the proposed derivatives in three
dimensions. It is also used for naming structures
according to ITUPAC. ChemDraw Ultra 12.0 is a
specialized software program primarily used by
chemists and chemical researchers. It is a part of
the  ChemDraw  software package from
PerkinElmer Informatics. It is commonly
recognized that ChemDraw Ultra can create precise
and well-designed chemical structures and
diagrams.
RCSB PDB (Protein Data Bank): It is a
crystallographic database designed to provide 3-D
structural information about macromolecules like
proteins and nucleic acids from X-ray
crystallography and NMR spectroscopy. Scientists
can save and arrange information about the
morphology of tiny creatures using the RCSB PDB
(Protein Data Bank), an online database. They use
tools like X-ray machines and microscopes to view
these shapes. The library has a plethora of
information on each shape, including its
composition and history.
Swiss ADME: The medications' Absorption,
Distribution, Metabolism, and Excretion (ADME)
properties were calculated using the Swiss ADME,
which forecasts elements of organic molecules that
are important from a physical and pharmacological
standpoint. In order to predict the Lipinski rule of
five, it will be utilized to compute the chemical
characteristics and bioactivity. The Lipinski rule of
five, often known as the rule of thumb, aids in
assessing a compound's likelihood of possessing
the chemical and physical characteristics necessary
for oral bioavailability. By providing useful

Page: 609



"COMPUTATIONAL STUDIES ON 1,5-BENZODIAZEPINES: DOCKING, ADME/T AND TOXICITY
INSIGHTS FOR ANTIDEPRESSANT DEVELOPMENT"

information on the pharmacokinetic properties of
substances, this program aids scientists in the
search for and development of new medications.
Autodock Vina 1.5.7: For conducting docking
studies and forecasting the intermolecular
interactions of drugs with the receptor, an open-
source docking program will be chosen. A
molecular modelling program called AutoDock is
used to forecast the interactions between tiny
molecules (ligands) and proteins (receptors), which
is essential for drug discovery. It uses methods such
as the Lamarckian Genetic Algorithm for flexible
docking of ligands and scores binding affinities.
Analysis of docking findings is aided by
visualization tools like AutoDock Tools [18].

Open Bable: Molecular docking will be helped by
Open Babel, a computer programme and chemical
expert system that is mostly used to translate
chemical file types.

ProTox 3.0: ProTox is a predictive toxicology tool
connected to cheminformatics. Its goal is to use
molecular structure analysis to predict a chemical
compound's potential toxicity. ProTox uses
computer models and algorithms to evaluate a
compound's toxicity against particular biological
targets or endpoints. ProTox views itself as a
complete, open-source computational platform for
in-silico toxicity prediction that may be used by
toxicologists, regulatory agencies, medicinal
chemists, and computational chemists. The ProTox
3.0 web webserver is freely accessible to all users.
PubChem: Data on a variety of subjects, including
identifiers, physical and chemical properties,
biological activity, patents, health, safety, and
toxicity, have been collected from this program.
BIOVIA Discovery Studio: For viewing, sharing,
and analyzing protein and small molecule data, the
free molecular modelling tool BIOVIA Discovery
Studio Visualizer offers a wealth of features. The
study of molecular docking studies heavily relies
on molecular visualization.

2.2 Protein/Receptor preparation

For docking research, a clean protein must be
prepared in order to obtain precise dock scores and
accurate data. The protein's energy was minimized
after it was downloaded from www.rcsb.org. The
chosen receptor is a GABA A receptor, 6 HUP.
The protein, which was saved in PDB format, was
pre-processed to remove all bound water
molecules, ligands, and cofactors. Small molecules
that are attached to proteins must be removed
before docking can take place. It is necessary to
eliminate water molecules in addition to tiny ones.
When making protein, polar hydrogens can also be
added. With the AMBER force field, the resulting
complex was reduced. The AMBER force field was
used to reduce the resultant complex. After
completing 5,000 steps or when the energy gradient
fell below 0.05 kcal/mol, the reduction process was
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stopped. For the aforementioned objectives,
Discovery Studio (BIOVIA) was utilized in this
study [10].

2.3 Ligand preparation

Following a thorough review of the literature, new
ligands were created. ChemDraw Ultra 12.0 was
used to construct the compounds' two-dimensional
structures. To find out if designed ligands exist, the
SMILES of these ligands were duplicated and
verified in the ZINC and PubChem databases. The
Open Babel GUI was used to convert the ligands
created in ChemDraw into PDBQT format. These
conformations were then stored as PDB files for
later usage after being opened in PyMOL [11,12].

2.4 Docking Methodology

Molecular docking is the computer technique of
looking for a ligand that fits both physical and
energetically into a protein's binding site.
Molecular docking shows promise in both the first
evaluation of binding affinity and the prediction of
intermolecular interactions of novel medicines with
receptors. A popular software program for
simulating chemical interactions in computational
chemistry and molecular modelling, "Optimized
GABA A," was used to dock each ligand with
Autodock 1.5.7. Predicting how a small substance,
such as a ligand or drug, would bind to a particular
receptor, like a protein target, is its primary goal.
Each complex was assigned a docking score, which
will be examined. PyMOL [13] and Discovery
Studio [14] had been utilized to visualize the
complexes and comprehend the ligands' binding
sites. Both 2D and 3D conformations of the ligand
and receptor have been shown to interact. To
forecast how the medications will affect the
receptor, an overall comparison of the docking
scores and binding patterns was conducted.
AutoDock explores the conformational space of the
ligand and receptor using molecular docking
techniques to predict the most energetically
favorable binding modes [15]. Docking is
completely automated and operates in response to
commands and software. Finding the optimal
ligand-receptor interaction was the primary
motivation behind performing docking before any
additional research. The energy released during
ligand-receptor interaction is calculated using
docking. Following docking, several dock scores
were produced; the best dock score with the least
energy (most negative) was chosen for additional
research [16].

2.5 ADME and toxicity prediction

Absorption, distribution, metabolism, excretion,
and toxicity are predicted for the selected 1,5-
benzodiazepine derivatives using the Pre ADMET
predictor server [17]. Using Swiss ADME, ADME
properties were anticipated. The table that follows
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provides a thorough overview of the compounds'
different characteristics. The website
www.swissadme.ch provides free access to Swiss
ADME. SwissADME offers a variety of computer
models for predicting properties such as solubility,
permeability, and adherence to Lipinski's Rule of
Five. These predictions can be used by researchers
to rank substances for further testing and
development based on their likelihood of working
as potential drugs. Through the user-friendly online
interface offered by SwissADME, users can
directly construct molecular structures or upload
data in various forms. After submitting a molecule,
users receive a detailed report detailing the
expected attributes of the complex. While working
on drug development projects, researchers can
make better selections by consulting this paper
[18].

2. Results and Discussion
3.1 Docking Results/Score
A docking score was determined after each drug
molecule was docked with the target receptor in
AutoDock Vina. In following docking, the docking
score forecasts the binding affinity between a
ligand and a protein. The better the docking, the
lower the docking score. After docking with the
GABAA receptor, we obtained 68 docking scores
for 68 molecules. Among all the BZDs taken into
consideration, it was projected that GABAA would
have the strongest binding affinity with D20 and
D21 based on the docking score from AutoDock
Vina (Table 1). In order to examine the results and
estimate the potential binding site of the BZDs to
the receptor, the 3D binding conformations were
viewed in BIOVIA Discovery Studio.

The prepared and cleaned structures and PDB

ID of receptor are shown in the table below:
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Design and preparation of ligands:

Total 80 ligands were designed and are chosen for
docking studies. The designed ligands are provided
below along with their [UPAC names and binding
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yl)-2-
methyl-1,3-
dihydro-1,5-
benzodiazepi
ne

Br

U

8-Bromo-
2,4-bis(4-
ethylphenyl)
-2-methyl-
1,3-dihydro-
L,5-
benzodiazepi
ne

Br

8-Bromo-
2,4-bis(4-
methoxyphe
nyl)-2-
methyl-1,3-
dihydro-1,5-
benzodiazepi
ne

i,

[o)

Br

U

8-Bromo-
2,4-bis(4-
nitrophenyl)-
2-methyl-
1,3-dihydro-
L,5-
benzodiazepi
ne

Br

8-Bromo-
2,4-bis(4-
ethoxypheny
1)-2-methyl-
1,3-dihydro-
L,5-
benzodiazepi
ne

X

PrFINE

§

Br

U

8-Bromo-
2,4-bis(4-
cyanophenyl
)-2-methyl-
1,3-dihydro-
L,5-
benzodiazepi
ne

R

4,4°-(8-

Bromo-2-
methyl-2,3-
dihydro-1H-
benzo[b][1,4
] diazepine-

2,4-diyl)

dibenzoic

acid
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8-Bromo-
2,4-bis(4-
aminophenyl
)-2-methyl-
1,3-dihydro-
L,5-
benzodiazepi
ne

8-lodo-2,2,4-
trimethyl-
1,3-dihydro-
L,5-
benzodiazepi
ne

8-lodo-2-
methyl-2,4-
diphenyl-
1,3-dihydro-
1,5-
benzodiazepi
ne

8'-lodo-
1',2',3'4' 11",
11a'-
hexahydro-
10'H-
spiro[cycloh
exane-1,11'-
dibenzo[b,e][
1,4]diazepin
e]

Ligands estimation profile:
All the ADME/T parameters of designed ligands
were checked using various software’s, their
pharmacokinetic profile was obtained. The ligand
estimation profile of most all ligands is provided in

the table below:
Table 2: Derivatives (Swiss ADME Parameter)
S|GI |BB [L|W |Li |M | Mol | Syn
. |Ab | B o | ate | pi | ole | ecul | the
N |sor |Per (g |r ns | cul | ar tic
o |pti Ifme |P|Sol |ki |ar |for | Acc
on | abil ubi | Ru | Wt | mul | essi
ity lity | le a bili
ty
D | Hig| Yes |2 |Sol |Ye |18 | Ciz |32
1 |h . |ubl |s 82 | His |3
2 le 7 N2
7 g/
mo
|
D | Hig|Yes |3 |Mo|Ye |31 |Cxn |38
2 | h der | s 24 | Hxo |7

0 | ate 1 N2
2 | ly g/
Sol mo
ubl 1
e
D | Hig| Yes |3 |Sol |Ye |26 | Cis |45
3|h . |ubl |s 84 | Ha |6
0le 0 N2
4 g/
mo
1
D | Hig| Yes |2 |Sol |Ye |24 | Cis |43
4 | h . |ubl |s 03 | Hxo |4
8 le 4 N2
0 g/
mo
1
D | Hig| Yes |2 |Sol |Ye |21 | Cus |3.8
5|h . |ubl |s 6.3 | Ho |3
6 |e 2 N2
5 g/
mo
1
D | Hig| Yes |2 |Sol |Ye |21 | Cua |41
6 | h . |ubl |s 63 | Ho |2
6 |e 2 N2
8 g/
mo
1
D | Hig| Yes |2 |Sol |Ye [23 | Ci5 |39
7 | h . |ubl |s 03 | Hx |6
91e 5 N2
4 g/
mo
1
D | Hig|Yes |2 |Sol |Ye |23 |Ci5 |34
8 | h . |ubl |s 03 | Hz |8
91e 5 N2
3 g/
mo
1
D | Hig|Yes |3 |Mo|Ye |32 |Cxs |39
9 |h . | der |s 64 | Hn |6
4 | ate 3 N2
4 | ly g/
Sol mo
ubl 1
e
D | Hig|Yes |3 |Mo|Ye |32 | Cxs |42
1|h der | s 64 | H» |4
0 3 | ate 3 N2
1 |ly g/
Sol mo
ubl 1
e
D | Hig| Yes |3 |Po |Ye |38 | Cx |3.8
1|h . |orl |s 1.3 | His |6
1 6|y 0 ClL
4 | Sol g | N2
ubl mo
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e 1 e
D | Hig| Yes |3 |Po |Ye |47 | Cxa |39 D | Hig|No |2 |Mo|Ye |40 | Ca | 4.0
1|h . |orl |s 02 | His |1 2 | h . |der |s 04 | Ho |O
2 91y 0 Br2 1 3 | ate 3 N204
7 | Sol g | N2 4 | ly g/
ubl mo Sol mo
e 1 ubl 1
D | Hig| Yes |3 |Po |No 56 | Cx |39 €
1|h . | orl 42 | Hisl | 8 D |Hig|Yes |2 | Mo |Ye |34 |Cxn |39
3 91y 0 N2 2 | h . |der |s 24 |H»n |9
6 | Sol g/ 2 4 | ate 4 Ny
ubl mo 7| ly g/
e 1 Sol mo
D | Hig|Yes |2 | Mo |Ye |34 | Cx |38 ubl 1
1|h der | s 44 | Ho |6 e
4 4 | ate 1 N20 D | Hig| Yes |2 |Sol |Ye |22 | Ciz |3.1
1 |ly g |2 2 |h . |ubl |s 2.7 | His |8
Sol mo 3 51]e 1 CIN
ubl 1 5 g |2
e mo
D |Hig | Yes |3 |Mo|Ye |37 | Cu |40 1
1| h . | der |s 24 | Hau | 4 D | Hig|Yes |3 |Mo| Ye |34 | Cx |38
5 8 | ate 6 N20 2 | h . |der | s |68 |Hio |6
7| ly g |2 4 S|ate | IV |5 CIN
Sol mo 8|ly |iol | g |2
ubl 1 Sol | ati | mo
e ubl | on |1
D | Hig|Yes |4 | Mo |Ye |40 | Cx |42 e
1|h . |der |s 0.5 | Hs |7 D |Hig|Yes |3 | Mo | Ye |30 | Cis |45
6 4 | ate 1 N20 2 | h . |der | s |28 | Hxs |2
8 | ly g |2 5 3late | IV |4 CIN
Sol mo 4 |ly |iol | g |2
ubl 1 Sol | ati | mo
e ubl | on |1
D | Hig| Yes |3 |Mo|Ye |34 | Ca |4.0 e
1| h . | der |s 04 | Noa |8 D | Hig| Yes |3 | Mo | Ye |27 | Cis |43
7 6 | ate 6 N2 2 | h . |der | s |47 |Hwo |0
9|1y g/ 6 0 | ate 9 CIN
Sol mo 511y g |2
ubl 1 Sol mo
e ubl 1
D | Hig| Yes |4 |Po |Ye |36 | Cx |43 e
1| h . |orl |s 85 | Hxs |0 D | Hig| Yes |2 |Sol | Ye |23 | Ci3 |3.7
8 2 |y 1 N2 2 | h . |ubl | s |67 |Hir |3
6 | Sol g/ 7 6 |¢c 4 CIN
ubl mo 9 g |2
e 1 mo
D |Hig | No [2|Mo|Ye |40 |Cxn |40 1
1|h . |der |s 24 | His |3 D |Hig| Yes |3 |Sol | Ye |25 | Cis | 3.7
9 4 | ate 0 N4O 2 | h . {ubl | s |07 |Hpo |9
3|1y g |a 8 0fe 7 CIN
Sol mo 8 g |2
ubl 1 mo
e 1
D | Hig|Yes |2 | Mo |Ye [36 | Cu |39 D | Hig| Yes |3 |Sol | Ye |25 | Cis |33
2 | h . | der |s 24 | His |8 2 | h . lubl | s [ 0.7 |Hio |6
0 9 | ate 3 Na 9 0fe 7 CIN
6 | ly g/ 0 g |2
Sol mo mo
ubl 1 1
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D | Hig|Yes |3 |Mo| Ye |26 |Ci5 |39 4 | Sol |iol | g |2
3|h . |der | s |47 |Hx |2 ubl | ati | mo
0 2 | ate 9 CIN € on |1
2 | ly g |2 D|Hig | No |4 |Po | Ye |40 | Cx |43
Sol mo 4 | h . | orl s |29 |Hx |0
ubl 1 0 4 |y IV | 6 CIN
e 9 |Sol |iol | g/ |2
D | Hig|Yes |3 |Po | Ye |36 | Cxs |39 ubl | ati | mo
3|h . | orl s |08 |Hu |6 e on |1
1 71y vV | 8 CIN D|{Lo |[No |2 |Mo|Ye |43 |Cxn |40
518Sol |iol | g/ |2 4 |w . |der |s 6.8 | Hiz |2
ubl | ati | mo 1 5 | ate 5 CIN
e on |1 9 |ly g/ | 404
D | Hig| Yes |3 |Po | Ye |36 | Cxs |42 Sol mo
3|h . | orl s |08 |Hxu |3 ubl 1
2 6|y vV | 8 CIN e
3 |Sol |iol | g/ |2 D | Hig|{No [3|Mo|Ye [39 |Cu |39
ubl | ati | mo 4 | h . | der |s 6.8 | Hiz |7
e on |1 2 2 | ate 7 CIN
D|{Lo | No |3 |Po | Ye |41 | Cxn |38 30 ly g |a
3| w . | orl s |57 |Hiz |8 Sol mo
3 91y v | 4 Ch ubl 1
9 Sol |i0ol | g/ | N2 e
ubl | ati | mo D|Hig | No |2 | Mo |Ye |43 | Ca |40
e on |1 4 | h . |der |s 48 | Hw |0
D|Lo |No [4|Po |No 50 |Cx |39 3 6 | ate 7 CIN
3 |w . | orl 46 | H7 |0 511y g/ | 204
4 1|y 4 B2 Sol mo
8 | Sol g/ | CIN ubl 1
ubl mo | 2 e
e 1 D|Hig| No |2 | Mo |Ye |37 | Cx |39
D | Hig|{No [4|Po |No 59 |Cxz |39 4 | h . | der |s 6.8 | Ha |8
3 |h . | orl 86 | Hiz |6 4 6 | ate 8 CIN
5 1|y 5 Cll2 50 1ly g |a
2 | Sol g | N2 Sol mo
ubl mo ubl 1
e 1 e
D | Hig|Yes |2 | Mo |Ye |37 | Ca |38 D | Hig| Yes |2 |Sol |Ye |26 |Ciz |33
3|h . | der |s 88 | Hio |6 4 | h . |ubl |s 7.1 | His |3
6 6 | ate 5 CIN 5 6 |e 6 BrN
01ly g/ | 202 9 g |2
Sol mo mo
ubl 1 1
e D | Hig|Yes |3|Po | Ye |39 |Cx |39
D | Hig| Yes |4 | Mo |Ye |40 | Ca | 4.0 4 | h . | orl s |13 | Hpo |6
3 |h . | der |s 69 | Hs |4 6 51y IV |0 BrN
7 1 | ate 0 CIN 3 1Sol |iol | g/ |2
6 |ly g/ | 202 ubl | ati | mo
Sol mo e on |1
ubl 1 D | Hig|Yes |3 |Mo| Ye |34 | Cis | 4.6
e 4 | h . |der | s |72 |Hxs |6
D | Hig|No [4|Po | Ye |43 | Cx |42 7 Slate |1V |9 BrN
3|h . | orl s |49 | Hxy |7 Ofly |iol |g/ |2
8 6|y IV |6 CIN Sol | ati | mo
7 | Sol |iol | g/ |202 ubl | on |1
ubl | ati | mo €
e on |1 D | Hig|Yes |3|Mo|Ye |31 |Cis |44
D | Hig| Yes |4 |Po | Ye |37 | Ca | 4.0 4 | h . | der |s 92 | Hw |5
3|h . | orl s |49 | Hxs |8 8 1 | ate 4 BrN
9 0]y vV |1 CIN 4 |y g |2
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Sol mo
ubl 1
e
D | Hig| Yes |2 |Sol |Ye |28 | Ciz |3.8
4 | h ubl | s 1.1 | Hi7 |9
9 8 e 9 BrN
1 g |2
mo
1
D | Hig|Yes |3 |Mo|Ye [29 | Cua |39
5|h . | der |s 52 | Ho |3
0 2 | ate 2 BrN
0|ly g |2
Sol mo
ubl 1
e
D | Hig|Yes |3 |Mo|Ye |29 | Cuu |35
5 h . | der |s 52 | Ho |1
1 0 | ate 2 BrN
2 | ly g |2
Sol mo
ubl 1
e
D | Hig|Yes |3|Mo|Ye |39 |Cis |4.0
5|h der | s 0.1 | Ha |7
2 3 | ate 6 BrN
1 |ly g |2
Sol mo
ubl 1
e
D | Hig| Yes |3 |Po | Ye |40 | Cxs | 4.0
5 h . |orl s |53 |Hxa |6
3 8|y 1v |3 BrN
3 1Sol |iol | g/ |2
ubl | ati | mo
e on |1
D | Hig|Yes |3 |Po | Ye |40 | Cxs |43
5 h . |orl s |53 |Ha |4
4 71y 1v |3 BrN
0 |Sol |iol | g/ |2
ubl | ati | mo
e on |1
D|{Lo [ No (4 |Po | Ye |46 | C» 3.9
5 | w . |orl s |01 |Hi |5
5 1]y IV |9 BrC
6 | Sol |iol | g/ | N2
ubl | ati | mo
e on |1
D|{Lo [ No (4 |Po |[No |54 | Cx 3.9
5 | w . |orl 91 |Hi7 |9
6 4|y 0 Br
5 | Sol g | N2
ubl mo
e 1
D|Lo [ No [4|Po |[No |64 | Cxn |40
5 | w . |orl 31 |Hi7 |6
7 3y 0 Brl>
6 | Sol g | N2
ubl mo
e 1

D | Hig|Yes |2 | Mo |Ye |42 | Cxz |39
5 h der | s 33 | Ho |6
8 8 | ate 0 BrN
1 |ly g/ | 202
Sol mo
ubl 1
e
D | Hig| Yes |4 |Po | Ye |45 | Ca | 4.1
5|h . Jorl |s 1.3 | Hxs |4
9 1]y 6 BrN
4 | Sol g/ | 202
ubl mo
e 1
D | Hig|No |[4|Po | Ye |47 | Cx |43
6 | h . |orl s |94 |Hy |7
0 71y 1V | 1 BrN
8 | Sol |iol | g/ | 202
ubl | ati | mo
e on |1
D | Hig|No |4 |Po | Ye [4] | Cu |41
6 | h . |orl s |93 | Hxs |8
1 3|y IV |6 BrN
518Sol |iol | g/ |2
ubl | ati | mo
e on |1
D |Hig|No |4|Po | Ye |44 | Cx |44
6 | h . |orl s |74 |Hx |0
2 6|y 1V | 1 BrN
518Sol |iol | g/ |2
ubl | ati | mo
e on |1
D|Lo [ No [2|Po |Ye |48 | Cxn |41
6 | w . Jorl |s 1.3 | Hi7 |2
3 6|y 0 BrN
5 | Sol g/ 404
ubl mo
e 1
D | Hig|No |[3|Mo|Ye |44 | Cua |4.0
6 | h . | der |s 1.3 | Hiz |7
4 4 | ate 2 BrN
9|1y g |4
Sol mo
ubl 1
e
D | Hig|No |2 |Mo|Ye |47 | Cu |41
6 | h . | der |s 93 | Hw |0
5 6 | ate 2 BrN
9 ly g/ | 204
Sol mo
ubl 1
e
D |Hig|No |2 |Mo|Ye |42 | Cxn |4.0
6 | h . | der |s 1.3 | Ha |9
6 7 | ate 3 BrN
7| ly g |4
Sol mo
ubl 1
e
D | Hig|Yes |2 |Sol |Ye |31 |Ciz |34
6 | h ubl | s 41 | Hisl | 1
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7 e 7 N2 g
g/ D1 | 300 Inacti | Inacti | Inacti | Inacti
mo 2. Om ve ve ve ve
1 g/k
D | Hig | Yes Po | Ye |43 | Ca2 |40 g
6 | h orl s |83 | Hil |2 D1 | 300 Inacti | Inacti | Inacti | Inacti
8 y IV |0 N2 3. Om ve ve ve ve
Sol | iol | g/ g/k
ubl | ati | mo g
e on |1 D1 | 300 Inacti | Inacti | Inacti | Inacti
In-silico toxicity data: 4. Om ve ve ve ve
This data was collected from ProTox 3.0. The g/k
toxicity class, LDso, type of active toxicity is g
provided in the table below: D1 | 300 Inacti | Inacti | Inacti | Inacti
Table 3: Oral Toxicity Prediction Results 5. Om ve ve ve ve
Der | LD | Pre | Hepa | Neph | Card | Carci g/k
ivat | so dic | totox | rotox | iotox | noge g
ive ted | icity | icity | icity | nicity D1 | 300 Inacti | Inacti | Inacti | Inacti
To 6. Om ve ve ve ve
xici g/k
ty g
Cla D1 | 300 Inacti | Inacti | Inacti | Inacti
s 7. Om ve ve ve ve
D1. | 400 | 4 Inacti | Inacti | Inacti | Inacti g/k
mg/ ve ve ve ve g
kg D1 | 300 Inacti | Inacti | Inacti | Inacti
D2. | 300 | 5 Inacti | Inacti | Inacti | Inacti 8. Om ve ve ve ve
Om ve ve ve ve g/k
gk g
g D1 | 300 Activ | Inacti | Inacti | Activ
D3. | 400 | 4 Inacti | Inacti | Inacti | Inacti 9, Om e ve ve e
mg/ ve ve ve ve g/k
kg g
D4. | 400 | 4 Inacti | Inacti | Inacti | Inacti D2 | 300 Inacti | Inacti | Inacti | Inacti
mg/ ve ve ve ve 0. Om ve ve ve ve
kg g/k
DS. | 400 | 4 Inacti | Inacti | Inacti | Inacti g
mg/ ve ve ve ve D2 | 300 Inacti | Inacti | Inacti | Inacti
kg 1. Om ve ve ve ve
Dé6. | 400 | 4 Inacti | Inacti | Inacti | Inacti g/k
mg/ ve ve ve ve g
kg D2 | 300 Inacti | Inacti | Inacti | Inacti
D7. | 400 | 4 Inacti | Inacti | Inacti | Inacti 2. Om ve ve ve ve
mg/ ve ve ve ve g/k
kg g
D8. | 400 | 4 Inacti | Inacti | Inacti | Inacti D2 | 800 Inacti | Inacti | Inacti | Inacti
mg/ ve ve ve ve 3. mg/ ve ve ve ve
kg kg
D9. | 300 | 5 Inacti | Inacti | Inacti | Inacti D2 | 300 Inacti | Inacti | Inacti | Inacti
Om ve ve ve ve 4, Om ve ve ve ve
g/k g/k
g g
D1 | 300 |5 Inacti | Inacti | Inacti | Inacti D2 | 400 Inacti | Inacti | Inacti | Inacti
0. Om ve ve ve ve 5. mg/ ve ve ve ve
g/k kg
g D2 | 400 Inacti | Inacti | Inacti | Inacti
D1 | 300 |5 Inacti | Inacti | Inacti | Inacti 6. mg/ ve ve ve ve
1. Om ve ve ve ve kg
g/k D2 | 800 Inacti | Inacti | Inacti | Inacti
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7. mg/ ve ve ve ve g
kg D4 | 300 Inacti | Inacti | Inacti | Inacti

D2 | 800 Inacti | Inacti | Inacti | Inacti 3. Om ve ve ve ve

8. mg/ ve ve ve ve g/k
kg g

D2 | 800 Inacti | Inacti | Inacti | Inacti D4 | 130 Inacti | Inacti | Inacti | Inacti

9. mg/ ve ve ve ve 4. Om ve ve ve ve
kg g/k

D3 | 300 Inacti | Inacti | Inacti | Inacti g

0. Om ve ve ve ve D4 | 300 Inacti | Inacti | Inacti | Inacti
g/k 5. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

1. Om ve ve ve ve D4 | 130 Inacti | Inacti | Inacti | Inacti
g/k 6. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

2. Om ve ve ve ve D4 | 130 Inacti | Inacti | Inacti | Inacti
g/k 7. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

3. Om ve ve ve ve D4 | 130 Inacti | Inacti | Inacti | Inacti
g/k 8. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

4. Om ve ve ve ve D4 | 130 Inacti | Inacti | Inacti | Inacti
g/k 9. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

5. Om ve ve ve ve DS | 130 Inacti | Inacti | Inacti | Inacti
g/k 0. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

6. Om ve ve ve ve DS | 130 Inacti | Inacti | Inacti | Inacti
g/k 1. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

7. Om ve ve ve ve D5 | 300 Inacti | Inacti | Inacti | Inacti
g/k 2. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

8. Om ve ve ve ve D5 | 300 Inacti | Inacti | Inacti | Inacti
g’k 3. Om ve ve ve ve
g gk

D3 | 300 Inacti | Inacti | Inacti | Inacti g

9. Om ve ve ve ve DS | 300 Inacti | Inacti | Inacti | Inacti
g’k 4. Om ve ve ve ve
g gk

D4 | 300 Activ | Inacti | Inacti | Inacti g

0. Om e ve ve ve DS | 300 Inacti | Inacti | Inacti | Inacti
g/k 5. Om ve ve ve ve
g gk

D4 | 300 Inacti | Inacti | Inacti | Inacti g

1. Om ve ve ve ve DS | 300 Inacti | Inacti | Inacti | Inacti
g’k 6. Om ve ve ve ve
g gk

D4 | 300 Inacti | Inacti | Inacti | Inacti g

2. Om ve ve ve ve DS | 300 Inacti | Inacti | Inacti | Inacti
g/k 7. Om ve ve ve ve
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g/k
g
DS 300 |5 Inacti | Inacti | Inacti | Inacti
8. Om ve ve ve ve
g’k
g
DS 300 |5 Inacti | Inacti | Inacti | Inacti
9. Om ve ve ve ve
g/k
g
D6 | 300 |5 Inacti | Inacti | Inacti | Inacti
0. Om ve ve ve ve
g/k
g
D6 | 300 |5 Inacti | Inacti | Inacti | Inacti
1. Om ve ve ve ve
g/k
g
D6 | 300 |5 Activ | Inacti | Inacti | Inacti
2. Om e ve ve ve
g’k
g
D6 | 300 |5 Inacti | Inacti | Inacti | Inacti
3. Om ve ve ve ve
g/k
g
D6 | 300 |5 Activ | Activ | Inacti | Inacti
4. Om e e ve ve
g/k
g
D6 | 300 |5 Inacti | Inacti | Inacti | Inacti
5. Om ve ve ve ve
g/k
g
D6 | 400 | 4 Inacti | Inacti | Inacti | Inacti
6. mg/ ve ve ve ve
kg
D6 | 300 |5 Inacti | Inacti | Inacti | Inacti
7. Om ve ve ve ve
g/k
g
D6 | 400 | 4 Inacti | Inacti | Inacti | Inacti
8. mg/ ve ve ve ve
kg
Conclusion

The current in-silico study used molecular docking
against the human GABA-A receptor (PDB ID:
6X3X), a cryo-EM structure co-crystallized with
diazepam, to assess 80 new 1,5-benzodiazepine
derivatives as possible antidepressant candidates.
Many of the derivatives showed binding affinities
that were significantly higher than the diazepam
standard (-8.8 kcal/mol). The lead compound with
bis(4-cyanophenyl) substitution had the highest
score of -12.2 kcal/mol, closely followed by a
number of 4-cyanophenyl and 4-methoxyphenyl
analogs that were substituted with chloro and
bromo in the range of -10.7 to -11.8 kcal/mol,
suggesting stable and energetically advantageous
interactions within the benzodiazepine-binding

IJIDDT Volume 16 Issue 87s 2026

pocket. The majority of derivatives have high
gastrointestinal absorption, and nearly two-thirds
exhibit blood-brain barrier permeability and
adherence to Lipinski's Rule of Five, supporting
their suitability as orally bioavailable, CNS-
penetrant candidates, according to in-silico ADME
profiling using SwissADME. With high predicted
LD50 values and mostly inactive profiles for
hepatotoxicity, nephrotoxicity, cardiotoxicity, and
carcinogenicity, toxicity prediction using ProTox
3.0 further classified the majority of compounds
under toxicity Class 4-5, indicating an acceptable
overall safety margin. Only a few derivatives were
flagged for organ-specific toxicity concerns. The
electron-withdrawing-substituted 1,5-
benzodiazepine derivatives are promising lead
candidates for the development of GABA-A-
targeted antidepressants due to their superior
docking  scores, favorable pharmacokinetic
behavior, and low predicted toxicity. This provides
a logical foundation for their prioritization in
subsequent synthesis, in-vitro binding assays, and
in-vivo antidepressant efficacy studies.
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