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ABSTRACT

In 2008, the World Health Organization (WHO) stressed major depressive disorder (MDD) as the
third most important cause of disease burden worldwide. Based on their projections, it is expected
that by 2030, MDD will take the lead among the rest of the world’s health concerns. Brain derived
neurotrophic factor 4 (BDNF4), a protein of neurotrophins family play pivotal role in maintaining
neural plasticity, and its reduced level in the hippocampus and plasma have been reported in
patients with MDD. Nootropic drugs serve as therapeutic interventions in mitigating MDD through
diverse molecular mechanisms. Punica granatum (pomegranate) is acknowledged for its nutritional
and medicinal properties, currently under medical scrutiny for its potential as a natural
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antidepressant.  Various computational

methodologies,

including molecular  docking,

pharmacokinetics, ADME (absorption, distribution, metabolism and excretion) profile assessment,
toxicological analysis, and prediction of biological activity, were employed to identify promising
compounds among the phytochemicals present in Punica extract, focusing on their potential
BDNF4-stimulating, nootropic, and antidepressant properties. The comprehensive examination of
docking scores, interactions between proteins and ligands, pharmacological and toxicological
attributes, along with the forecasting of biological activities, collectively underscores the potential
attributes of M-Cymene, Flavylium, 2-(4-Methylphenyl)propan-2-ol, Thymol, and Pelletierine as
prospective drug candidates targeting human BDNF4 for alleviating MDD.

Keywords: Antidepressant; BDNF4; drug; In silico; major depressive disorder; nootropic.

1. INTRODUCTION

Major depressive disorder (MDD) is a common
mental health condition that affects millions of
people worldwide, with a 50% higher prevalence
among women than men [1]. It is defined by
long-term feelings of sadness, helplessness and
loss of interest in activities that were previously
enjoyable [2]. It imposes major influence on
everyday life such as work, learning, and even
maintaining relationships [3]. Several theories on
depression have been presented so far [4] such
as monoamine hypothesis, neuroendocrine,
neuroimmune and cytokine hypothesis [5].
Nevertheless, these theories have not been
sufficient to fully explain the pathology and
treatment of depression. [6]. Recently,
neuroplasticity hypothesis of depression has gain
considerable attention and thus, widely studied
[7]. The dysfunction of neural plasticity is closely
linked with onset of depression [8].
Neurotrophins are  small molecules  of
polypeptides which bind to tyrosine Kkinase
receptors and regulate various cellular processes
including calcium homeostasis and also, inhibit
free radical formation by increasing the levels of
antioxidant enzymes [9]. Prominent examples of
neurotrophins include brain-derived neurotrophic
factor (BDNF), nerve growth factor (NGF),
neurotrophin-3 (NT-3), and neurotrophin-4 (NT-4)
[10]. BDNF is associated with depression, while
other neurotrophins are linked to mood disorders
[11]. BDNF plays a crucial role in the
development, survival and plasticity of neurons in
the nervous system [12]. It is involved in various
processes such as neuronal maturation,
neuroprotection, neurogenesis and synaptic
plasticity, which are essential for learning and
memory [13]. The precursor peptide pro-BDNF is
encoded by the BDNF gene, which is located in
the  complementary reverse strand  of
chromosome 11p13. The pre mature form of this
protein is synthesized in an inactive state as a
pre-pro-neurotrophin precursor, which undergoes
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posttranslational modifications and forms a
homodimeric protein [14]. Binding of mature
BDNF or neurotrophins, including neurotrophin-4
(NT-4) and neurotrophin-3 (NT-3), to the
extracellular domain of receptor tyrosine kinase
(TrkB), the receptor's intracellular domain
dimerizes and undergoes autophosphorylation
which initiates specific signaling pathways, such
as Ras-PI3K-Akt, Ras-MAP kinase-Erk, or
phospholipase Cy [15]. These signaling
pathways activate transcription factors, such as
CREB, culminating in cellular responses such as
cell proliferation, survival, synaptogenesis, and
memory formation [16]. Several studies have
reported an observation of unusually diminished
serum or plasma BDNF levels in individuals
suffering from MDD [17]. Reduced BDNF level is
also linked to neurological disorders like
Alzheimer’'s disease [18] and migraine [19].
Nootropic drugs are class of drugs that are
claimed to enhance cognitive function [20].
Nootropic drugs such as piracetam, phenotropil
and semax have shown to stimulate BDNF level
[21]. Still there remains a void of nootropic drugs
which could act as BDNF stimulants and
subsequently serve as potential therapeutic for
major depression disorder. Punica granatum
(Pomegranates), renowned for their substantial
polyphenol  concentration, have garnered
recognition for their notable nutritional and
medicinal characteristics. Current investigations
are underway to explore their potential efficacy
as natural antidepressants [22].

The objective of the study is to elucidate potent
phytochemicals present in pomegranate extract
which could serve as drug candidate for

treatment of MDD. Various computational
methodologies, encompassing molecular
docking, pharmacokinetics, ADME profile

evaluation, toxicological scrutiny, and forecasting
of biological activity, were utilized to discern
compounds within the phytochemicals found in
Punica extract. Emphasis was placed on
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identifying substances with potential stimulatory
effects on BDNF4, as well as their cognitive-
enhancing (nootropic) and antidepressant
properties.

2. MATERIALS AND METHODS
2.1 Protein Preparation

The investigation employed the Protein Database
(https://www.rcsb.org/) to obtain the PDB file
associated with the Crystal Structure of Brain-
derived neurotrophic factor, neurotrophin-4
(BDNF4), identified by its distinct PDB ID: 1B8M.
Protein Data Bank acts as comprehensive
repository housing information on experimentally
determined structures of proteins and nucleic
acids. In the subsequent phases of analysis,
procedures were executed to prepare the
protein, which included the elimination of water
molecules and associated ligands. This task was
effectively performed using PyMOL [23], an
open-source software tool renowned for its
efficacy in generating molecular visualizations.
The strategic application of PyMOL rendered it
an optimal choice for streamlining the docking
preparation process.

2.2 Evaluation of Phytochemicals Present
in P. granatum Extract

The analysis of phytochemicals in P. granatum
was carried out using the Indian Medicinal
Plants, Phytochemistry And Therapeutics 2.0
(IMPPAT 2.0) database [24]. IMPPAT is a
carefully curated database, created by digitizing
information from over 100 traditional Indian
medicine books, 7000+ published research
articles, and various other relevant resources.
IMPPAT 2.0 is currently the most extensive
digital repository of phytochemical information in
Indian medicinal plants, representing a significant
enhancement and expansion compared to its
predecessor, IMPPAT 1.0.

2.3 Ligand Retrieval and Preparation

The molecular configurations of the chosen
phytochemicals were acquired in sdf file format
from the PubChem database, a valuable
resource offering comprehensive details on
chemical compounds, encompassing structures,
formulas, and molecular weights. For ligand
preparation in the subsequent analysis, the
OpenBabel tool [25] within PyRx 0.8 [26] was
utilized. OpenBabel is a widely employed tool in

26

molecular docking investigations for ligand
preparation. The ligand energy was minimized
using the mmffo4 force field, a method selected
for its efficacy in achieving stable and
dependable ligand structures. Following this, the
sdf file format of the ligands was transformed into
pdbqgt format, making the ligands executable and
ready for docking. This conversion step played a

crucial role in ensuring compatibility and
streamlining the subsequent exploration of
ligand-receptor interactions in  molecular
modeling.

2.4 Molecular Docking

A molecular docking analysis was conducted to
investigate the interactions between the
phytochemicals and BDNF4. To perform
molecular docking, the AutoDock Vina [27] tool
integrated with PyRx 0.8 was utilized. This
facilitated a thorough examination of potential
binding interactions between the ligands and the
macromolecule, providing valuable insights into
their binding affinities and orientations.

2.5 Visualization of Docking Results

Following the execution of the molecular docking
analysis, we pinpointed the protein-ligand
complex distinguished by the most favorable
negative score, indicative of a robust affinity. This
optimal binding configuration was then chosen
for in-depth exploration using Discovery Studio
4.5 [28]. The software facilitated the visualization
and examination of the binding mode, allowing
for a detailed analysis of ligand-receptor
interactions. Through this thorough investigation,
we unveiled crucial molecular interactions
governing the high binding affinity of the ligand to
BDNF4. Our emphasis was particularly on
visualizing phytochemicals exhibiting both a
commendable docking score and possessing
drug-like properties.

2.6 Molecular Descriptors of Chosen
Phytochemicals

Properties such as the physicochemical nature,
lipophilicity, water solubility, and drug-likeness of
the chosen compounds underwent analysis
utilizing the SWISS ADME webserver [29]. Key
factors considered for assessing
physicochemical properties included the number
of hydrogen acceptors, number of hydrogen
donors, and topological polar surface area
(TPSA). For evaluating lipophilicity and water
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solubility, XLOGP3 and ESOL values were taken
into account, respectively.  Drug-likeness
properties were evaluated based on the Veber
rule [30] and Lipinski rule [31].

2.7 Prediction of Absorption, Distribution,
Metabolism, and Toxicity

To evaluate predictions related to absorption,
distribution, metabolism, and toxicity of the
selected compound, we utilized admetSAR [32].

3. RESULTS
3.1 Docking Score of the Compounds

The docking study involved utilizing the Crystal
Structure of human BDNF4, identified by its PDB
ID: 1B8M. Autodock Vina, accessed through
PyRx 0.8, was the tool employed for analysis. To
prepare both the protein and the ligand for
docking, the Dockprep feature in UCSF

An online tool, available at Chimaera was utilized. The protein underwent
http://lmmd.ecust.edu.cn/admetsar2/ was transformation into a macromolecule, and the
employed to analyze a variety of parameters. Selected — compounds underwent initial

minimization using the mmff94 forcefield.

These parameters played a pivotal role in the
prediction process, enhancing our
comprehensive understanding of the compound's
attributes concerning absorption, distribution,
metabolism, and toxicity.

2.8 Prediction of Biological Activity of the
Compound

In the assessment of the biological activity of the

Subsequently, the compounds were converted to
pdbgt format using OpenBabel within PyRx. For
the docking procedure, a grid box with
dimensions of 27.61 A x 58.21 A x 50.68 A was
employed, centered at coordinates (16.10, 2.20,
9.79). The exhaustiveness level was set to the
default value of 8. Detailed information regarding
the ligands or compounds and their
corresponding docking scores is provided in
Table 1.

identified compounds, PASS web server

(http://www.pharmaexpert.ru/passonline) [33]

was utilized. Employing atom neighbor 3.2 Protein-Ligand Interaction

descriptors, PASS analysis played a key role in

elucidating the potential effects of each The molecular interactions between various

compound based solely on its molecular formula.
This underscores the correlation between the

ligands and amino acids within a protein, sheds
light on the specific forces that govern ligand-

chemical arrangement and biological function of
the substances under investigation.

protein binding. M-Cymene, for instance,
engages in Van der Waals interactions

Table 1. Displays the molecular docking scores of phytochemicals in P. grantum, along with
their corresponding PubChem ID and molecular weight

LIGANDS PubChem  Molecular weight Docking score
ID (g/mol) (kcal/mol)
9-Azabicyclo(3.3.1)nonan-3-one, 9-methyl- 6602484 153.22 -4.4
9-Methyl-9-azabicyclo[3.3.1]Jnonan-3-amine 14403175  154.25 -4.4
9-Azabicyclo[3.3.1]nonan-3-one 145745 139.19 -4.5
Methylisopelletierine 86786 155.24 -4.5
Pelletierine 92987 141.21 -6.2
Friedelin 91472 426.7 -5.9
Ellagic acid 5281855 302.19 -5.1
Ursolic acid 64945 456.7 -5.2
3-Methyl-2-buten-1-OL 11173 86.13 -4.7
M-Cymene 10812 134.22 -6.8
Flavylium 145858 207.25 -6.5
Nonanal 31289 142.24 -5.3
Thymol 6989 150.22 -7.0
Eucalyptol 2758 154.25 -4.9
Hexyl acetate 8908 144.21 -5.3
2-Heptanol 10976 116.2 -4.8
2-(4-Methylphenyl)propan-2-ol 14529 150.22 -7.1
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with  Arg53, GIn56, Arg98, and Trpll0,
contributing to the overall stability of the ligand-
protein complex.Flavylium, on the other hand,
forms Van der Waals interactions with a range of
amino acids, including Trp23, Ala47, Arg53,
GIn54, Tyr55, Phe57, Arg98, Trp110, and lle115.
2-(4-Methylphenyl)propan-2-ol exhibits Van der
Waals interactions with Arg53, GIn54, and Ala99,
along with a specific hydrogen bond with Arg98,
characterized by a bond length of 2.72 A. Thymol
interacts through Van der Waals forces with
various amino acids (Ala47, Leu52, Arg53,

Tyr55, Val97, Arg98, Ala99, Leul00) and forms a
specific hydrogen bond with GIn54 (bond length:
1.96 A). Lastly, Pelletierine engages in Van der
Waals interactions with Arg53, GIn54, Tyr55,
Phe56, Val97, Arg98, Ala99, and Trpl10. This

comprehensive analysis provides valuable
insights into the molecular basis of ligand-protein
interactions, crucial for drug design and

understanding biological processes. Table 2
summarizes the result while Fig. 1 (a-e) depicts
two dimensional representation of ligand-protein
interaction.

Table 2. Table summarizes the ligands, their interactions (Van der Waals or Hydrogen
bonding), the involved amino acids, and the corresponding bond lengths of hit compounds
with active site of BDNF4 protein

Ligands Interaction Amino acids Bond
length (A)

Van der Waals Arg53, GIn56, Arg98, Trpl110
M-Cymene Hydrogen bond  ---
Flavylium Trp23, Ala47, Arg53, GIn54,

Van der Waals Tyr55, Phe57, Arg98, Tyr110,

lle115

Hydrogen

bonding
2-(4-Methylphenyl)propan-2-ol Van der Waals Arg53, GInb4, Ala99

Hydrogen bond  Arg98 2.72

Van der Waals Ala47, Leu52, Arg53, Tyr55,
Thymol Val97, Arg98, Ala99, Leul00

Hydrogen bond  GIn54 1.96
Pelletierine Van der Waals Arg53, GIn54, Tyr55, Phe56,

Val97, Arg98, Ala99, Trp110
Hydrogen bond  ---
ARG
M:98
2.72
ARG O
M:53
GLN
M:54 Al
H-Bonds >
= b

Acceptor i

(a)
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Fig. 1. (a-e). Two dimensional representation of interaction between target protein (BDNF4) and
chosen phytocompounds: (a) 2-(4-Methylphenyl)propan-2-ol (b) M-cymene (c) Flavylium (d)
Pelletierine (e) Thymol

3.3 Evaluation of Pharmacological and
Toxicological properties

The assessment of pharmacological and
toxicological properties phytochemicals thorough
analysis  of  physicochemical  properties,
lipophilicity, water solubility, drug-likeness and
ADME/t values. The evaluation was done usin
SWISSADME and admetSAR. The summarized
outcomes are presented in Tables 3 and 4. The
pivotal criteria influencing a compound's potential
as a drug candidate, encompassing topological
polar surface area (TPSA), molecular weight
(MW), ESOL (solubility), xlog3 value, and drug-
likeness parameters such as Lipinski’s rule and
Veber rule were considered. M-Cymene,
characterized by moderate lipophilicity (XLOGP3:
4.50) and hydrophobic nature (ESOL: -3.89),
satisfies both Veber and Lipinski rules,
suggesting potential drug-likeness. Flavylium,
with moderate lipophilicity (XLOGP3: 3.51) and
hydrophobicity (ESOL: -4.01), possesses one
hydrogen bond acceptor (Accept H: 1), passing
both rules for drug-likeness. 2-(4-
Methylphenyl)propan-2-ol exhibits lower
lipophilicity (XLOGP3: 1.99) and moderate
hydrophobicity (ESOL: -2.36), with one hydrogen
bond acceptor and donor each, satisfying both
drug-likeness criteria. Thymol, characterized by
high lipophilicity (XLOGP3: 5.29) and strong
hydrophobicity (ESOL: -5.30), contains two
hydrogen bond acceptors and donors, meeting
Veber and Lipinski rules for drug-likeness.

Pelletierine, with low lipophilicity (XLOGP3: 0.36)
and minimal hydrophobicity (ESOL: -0.81), has
two acceptors and one donor, adhering to both
drug-likeness rules. The significance lies in the
evaluation of these properties, aiding in the
prediction of ligand behavior, oral bioavailability,
and potential suitability for further drug
development. Balancing lipophilicity, water
solubility, and adherence to established drug-
likeness rules provides valuable information for
researchers in the early stages of drug design
and discovery.

In the assessment of absorption, distribution,
Metabolism,and toxicological properties,
phytochemicals were subjected to analysis via
admetSAR server (Table 4). In terms of
absorption, all five phytocompounds exhibit
positive values for blood-brain permeability,
suggesting a potential ability to cross the blood-
brain barrier (BBB). The ability to effectively
traverse the BBB is a pivotal determinant for a
drug, particularly in the context of disorders
associated with the brain. This factor holds
significant importance in the study and treatment
of brain-related disorders. All compounds display
positive values for human intestinal absorption,
suggesting good absorption in the
gastrointestinal tract. In terms of distribution, all
compounds localize to the mitochondria,
providing insights into their subcellular targets.
Regarding metabolism, M-Cymene, Flavylium, 2-
(4-Methylphenyl)propan-2-ol, and Thymol are
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Table 3. Physicochemical properties, lipophilicity, water solubility, and drug-likeness of selected compounds (M-Cymene, Flavylium, 2-(4-
Methylphenyl)propan-2-ol, Thymol, and Pelletierine). The data include hydrogen bond acceptor/donor counts, topological polar surface area,
XLOGP3 lipophilicity, and ESOL water solubility. All compounds exhibit favorable drug-likeness according to Veber and Lipinski criteria

Ligands Physicochemical Properties Lipophilicity Water Drug-likeness
Accept H Donor H TPSA (A) Solubility Veber Lipinski
XLOGP3 ESOL
M-Cymene 0 0 0 4.50 -3.89 YES YES
Flavylium 1 0 13.14 3.51 -4.01 YES YES
2-(4-Methylphenyl)propan-2-ol 1 1 20.23 1.99 -2.36 YES YES
Thymol 2 2 40.46 5.29 -5.30 YES YES
Pelletierine 2 1 29.10 0.36 -0.81 YES YES

Table 4. Summarizes the absorption, distribution, and metabolism profiles predicted by the admetSAR server for the analyzed compounds (M-
Cymene, Flavylium, 2-(4-Methylphenyl)propan-2-ol, Thymol, and Pelletierine). It includes information on blood-brain permeability, human intestinal
absorption, P-glycoprotein interactions, subcellular localization, and interactions with key cytochrome P450 enzymes

Parameters M-Cymene Flavylium 2-(4-Methylphenyl)propan Thymol Pelletierine
2-ol
ABSORPTION
Blood brain permeant Positive Positive Positive Positive Positive
Intestinal absorption Positive Positive Positive Positive Positive
P-glycoprotein substrate Negative Negative Negative Negative Negative
P-glycoprotein inhibitor Negative Negative Negative Negative Negative
DISTRIBUTION . . ) ) ) . . . . .
Subcellular localization Mitochondria Mitochondria Mitochondria Mitochondria Mitochondria
METABOLISM
CYP2C9 substrate Non-substrate Non-substrate Non-substrate Non-substrate Substrate
CYP2D6 substrate Non-substrate Non-substrate Non-substrate Non-substrate Substrate
CYP3A4 substrate Non-substrate Non-substrate Non-substrate Non-substrate Non-substrate
CYP1A2 inhibition Non-inhibitor Inhibitor Non-inhibitor Non-inhibitor Inhibitor
CYP2C9 inhibition Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor
CYP2D6 inhibition Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor
CYP2C19 inhibition Non-inhibitor Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor
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identified as non-substrates for key cytochrome
P450 (CYP) enzymes (CYP2C9, CYP2D6,
CYP3A4). Additionally, Flavylium and Thymol
function as inhibitors of CYP1A2. Overall, this
information is pivotal for predicting the
compounds' behavior in the human body, aiding
in the selection of lead compounds with
favorable  pharmacokinetic  profiles  and
predicting potential challenges related to ADME
in drug development.

Toxicity prediction was performed using the
admetSAR server, considering parameters such
as hepatotoxicity, immunotoxicity, and
cytotoxicity. Strikingly, all selected compounds
demonstrated an absence of such toxicities,
affirming their safety for potential use, according
to the assessments conducted by the
admetSAR server Table 5.

3.4 Prediction of Biological Activity of
Compounds

The PASS webserver was utilized to validate
the anticipated biological effects. Biological
activity such as BDNF4 stimulant, nootropic,
and antidepressant  were  taken into
consideration. Out of all assessed compounds,
M-Cymene, Flavylium, 2-(4-
Methylphenyl)propan-2-ol, Thymol, and
Pelletierine exhibit BDNF4 stimulant property.
All five aforementioned phytochemicals show
nootropic properties. In context to
antidepressant property, except thymol, all

phytochemicals possess anti-depressant
property. The Pa value for BDNF4 stimulant
ranged between 0.236 to 0.493, for nootropic it
ranged between 0.329 to 0.575 and for
antidepressant, it was observed to range
between 0.151 to 0.253. When the Pa value
surpasses the Pi value, it indicates a probable
presence of the specified biological activity. The
summarized outcomes are presented in Table 6.

4. DISCUSSION

The comprehensive analysis of the docking
scores, protein-ligand interactions,
pharmacological and toxicological properties,
and the prediction of biological activities
provides valuable insights into the potential of
the selected phytochemical compounds as drug
candidates targeting human BDNF4. Firstly, the
docking study using Autodock Vina revealed the
binding affinities of the compounds to the
Crystal Structure of human BDNF4. The
detailed docking scores serve as an initial
indicator of the compounds' ability to interact
with the target protein. Understanding the
specific amino acids involved in ligand-protein
interactions sheds light on the forces
contributing to the stability of the ligand-protein
complexes. Such information is crucial for
rational drug design, allowing researchers to
optimize compounds for enhanced binding and
efficacy. Evaluation of pharmacological and
toxicological properties using SWISSADME

Table 5. Summarizes the toxicological assessment of compounds including M-Cymene,
Flavylium, 2-(4-Methylphenyl)propan-2-ol, Thymol, and Pelletierine. Results indicate no
observed hepatotoxicity, immunotoxicity, or cytotoxicity for any of the analyzed compounds

Parameters M- Flavylium 2-(4-Methylphenyl)propan-  Thymol Pelletierine
Cymene 2-ol

Hepatotoxicity = NO NO NO NO NO

Immunotoxicity NO NO NO NO NO

Cytotoxicity NO NO NO NO NO

Table 6. Biological activity prediction of compounds (Pa = probability to be active; Pi =
probability to be inactive)

Ligands Biological activity

BDNF stimulant Nootropic Antidepressant

potential activity

Pa Pi Pa Pi Pa Pi
M-Cymene 0.284 0.018 0.555 0.098 0.186 0.067
Flavylium 0.236 0.036 0.329 0.298 0.253 0.035
2-(4-Methylphenyl)propan-2-ol  0.245 0.032 0.383 0.227 0.151 0.088

Thymol 0.493 0.004 0.411 0.205
Pelletierine 0.259 0.009 0.575 0.088 0.177 0.072
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and admetSAR provides a comprehensive
overview of key parameters influencing drug-
likeness. Lipophilicity, water solubility, and
adherence to drug-likeness rules are crucial
factors for a compound's potential as a drug
candidate. The balanced properties of M-
Cymene, Flavylium, 2-(4-Methylphenyl)propan-2-
ol, Thymol, and Pelletierine suggest their
potential suitability for further drug development.
The absorption, distribution, metabolism, and
toxicological properties (ADME/T) analysis
further supports the drug development potential
of the compounds. Positive values for blood-
brain permeabilty and human intestinal
absorption indicate favorable characteristics for
drug delivery, especially in the context of brain-
related disorders. The compounds' localization to
mitochondria and non-substrate status for key
cytochrome P450 enzymes, except for specific
inhibitory effects, provide insights into their
subcellular targets and metabolic stability.
Toxicity prediction using the admetSAR server is
reassuring. The absence of hepatotoxicity,
immunotoxicity, and cytotoxicity suggests the
safety of the selected compounds, reinforcing
their potential for therapeutic use. The prediction
of biological activities using the PASS webserver
adds another layer of information. The
compounds  exhibiting BDNF4  stimulant,
nootropic, and antidepressant properties align
with the potential therapeutic targets for mental
health condition like major depression. The Pa
values indicating the probability of biological
activity further support the potential efficacy of
these compounds.

5. CONCLUSION

The integrated analysis of docking scores,
protein-ligand interactions, pharmacological and
toxicological properties, and the prediction of

biological activities collectively highlights the
promising  characteristics of = M-Cymene,
Flavylium, 2-(4-Methylphenyl)propan-2-ol,

Thymol, and Pelletierine as drug candidates
targeting human BDNF4 in context to major
depression. This information is valuable for
guiding further experimental validation and
optimization processes in drug discovery and
development.
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