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INTRODUCTION
The view of target-based drug discovery where new 

drugs are discovered initially began with a simple search 
of therapeutic agents from plants, animals, microbes and 
naturally occurring minerals for numerous disorders [1]. In 
the present research, obsessive-compulsive disorder (OCD) 
is taken into account. Approximately in worldwide 2.3% of 
the population has OCD and in India, 4% of the population 
has OCD, which means that one in every 25 people suffers. 

One study found that approximately two-thirds of people 
with OCD had the majority of symptoms before the age of 
24. This disorder is considered an intellectual, behavioral, 
and relatively rare disease as well as a chronic condition until 
about two decades ago [2]. OCD is not only a genetic disease 
but can also be caused due to several environmental factors 
such as bacteria, stress, and trauma. Several genes play an 
important role progression of environment-induced OCD. 
OCD is distinguished by intrusive thoughts or obsession to 
reduce the anxiety and distress associated with this notion 
and emotional sense from which the individual experiences 
a compelling need to carry out specific routines, which may 
employ compulsions or rituals [3]. Obsessions are interruptive, 
unwelcome thoughts, perception, drives, or temptations that 
occur repeatedly and endlessly. They frequently result in 
anxiety [4]. Individual attempts various notions and actions 
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ABSTRACT
Network pharmacology integrates systems biology and bioinformatics to explore the intricate relationships among 
drugs, targets, diseases, and other molecular docking used to explore the effect of Musa acuminata against obsessive-
compulsive disorder (OCD). OCD is a behavioral and mental neurological condition. The occurrence of patients 
with OCD has increased in recent times due to both genetic and environmental factors. Genetic factors involve 
variations in certain genes that give instructions for proteins that react to or transport the neurotransmitter known 
as serotonin which has been associated with an increased risk of OCD. Thus, the present study aims to establish the 
therapeutic properties of M. acuminata, that is, banana against environment-induced OCD. The active components 
of M. acuminata were screened through IMPPAT 2.0, NPASS, and HMDB databases. Corresponding gene targets 
of active ingredients were found by using STITCH and comparative toxicogenomics database databases. Similarly, 
the genes involved in OCD were screened with the help of the Gene Cards and DisGeNET database. Utilizing the 
Gene Cards and DisGeNET database, 2,966 gene targets of OCD were obtained. The network interaction map of 
gene targets was created using STRING and the CytoHubba plugin of Cytoscape, and the top interacting targets were 
then filtered away. Finally, the prophylactic activity of active ingredients of M. acuminata against OCD was studied 
through a molecular docking strategy. This research utilized a network pharmacology-integrated molecular docking 
approach to study the therapeutic properties of M. acuminata against OCD.
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to suppress unwanted thoughts, i.e., by overcoming them by 
compulsion. The cognitive and behavioral patterns that an 
individual engages in as compulsions or routines serve as a 
coping mechanism aimed at mitigating distress by avoiding 
unwanted thoughts. Excessive hand washing, scrubbing, 
organizing, avoiding triggers, measuring, and devoting are a 
few examples of common compulsions [5]. OCD symptoms 
are not caused by the physiological side effects of any 
chemical, even though the inheritance patterns of OCD are 
unknown (e.g., medication) [6].

Plant parts have been utilized extensively for 
therapeutics and vitality throughout their evolutionary history. 
Plant sections have been the primary focus for treating illnesses 
and injuries for decades in many civilizations around the 
domain, and they are still under the consideration of ritualistic 
medicine in many nations [7]. In this research species of Musa 
acuminata is taken into the spotlight for medicinal purposes. 
Musa acuminata is described as a species of wild variety of 
banana that is native to Southeast Asia. It has a broad range 
of pharmacological applications, and investigations suggest 
that the active ingredients in M. acuminata are important 
in the management of the disease. All plant parts, including 
the roots, stem, leaves, and flowers, have long been utilized 
in therapeutics throughout North and South America, India 
Asia, and Africa [8]. Primary metabolites (nutraceuticals, 
vitamins, and trace elements) and secondary metabolites 
(phytochemicals) are examples of naturally occurring active 
ingredients present in plant-based meals. Studies have 
revealed the anti-inflammatory and antiproliferative functions 
of different active ingredients high in antioxidants, such as 
flavonoids and anthocyanin, in neurological diseases [9]. 
Bananas contain some active ingredients that are beneficial to 
depression and neurological disorders [10].

A new approach called network-target-based network 
pharmacology is a type of systematic analysis and next-
generation mode approach that has emerged to examine the 
network of interactions between various elements, such as 
medications, protein targets, illnesses, and genes [11]. In this 
research for investigating the active ingredient and mechanism 
of M. acuminata against OCD network pharmacology is utilized 
[12].

METHODOLOGY
The complete methodology opted in the current 

research work has been described in Figure 1.

Screening of drug-active ingredients
IMPPAT 2.0 [13], NPASS [14], and HMDB [15] 

databases were used to find the active ingredient of M. 
acuminata. These databases are freely available and contain a 
wide variety of active ingredients found in medicinal plants.

Collection of active compound targets of action
The search tool for chemical interactions was 

used to import the targets of action of active ingredients. 
STITCH [16] and the comparative toxicogenomics database 
(CTD) [17] databases. These databases of protein-chemical 

interactions are used to find out gene targets of any active 
ingredient.

Collection and acquisition disease target
The gene targets of OCD are taken from the GeneCard 

database and DisGeNET [18]. This database offers thorough 
details on all predicted and annotated human genes. The 
gene targets of the active ingredient of M. acuminata and the 
gene targets of OCD were compared to identify the common 
genes. In addition, a Venn diagram is established using the 
Venny (version 2.1) software to identify the gene that links M. 
acuminata with OCD.

Constructing the protein–protein interaction (PPI) network 
and identification of hub genes

The acquired common anticancer targets were 
imported into Cytoscape [19] in the short form of symbols 
of genes abbreviation, the examination carried out between 
proteins interactions and the PPI network diagram of gene 
targets were acquired. To investigate the mechanism of M. 
acuminata’s antidepressant impact, a network map of gene 
targets was created using the Cytoscape software to reveal the 

Figure 1. The complete workflow of the present study. 
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relationship between M. acuminata and multiple OCD gene 
targets. The hub genes were identified by filtering out the gene 
network obtained through Cytoscape based on maximal cliques’ 
centrality (MCC) topology by using the Cytohubba plug-in of 
Cytoscape.

Molecular docking and visualization
The three molecular structures of active ingredients 

were retrieved from PubChem [20]. The three-dimensional 
structures of target proteins of OCD were acquired from 
the protein data bank (PDB) [21]. The acquired ligand and 
protein structure receptor were been docked and analyzed 
with the DockThor server, and the lowest binding scores 
for every active ingredient were recorded against the gene 
target.

RESULTS

Assembly of drug active ingredients
Musa acuminata active ingredients were recognized 

to check their potential therapeutic mechanism against OCD. 
IMPPAT, NPASS, and HMDB were used to identify the active 
ingredients of M. acuminata. These databases collectively 
retrieved 24 active compounds of the M. acuminata plant. 

The list of active ingredients of M. acuminata along with their 
PubChem ID is given in Table 1.

Target collection of M. acuminata
The target genes of the active ingredients of M. 

acuminata were further identified for therapeutic purposes. 
Through the STITCH and CTD database, a total of 11,553 
gene targets were obtained from the 24 active ingredients. 
The replicated gene targets in every active ingredient were 
eliminated, and finally, 8,320 related gene targets were 
obtained.

Assembly of disease-related targets
With the GeneCards database and DisGeNET, 2,966 

OCD genes were found. The 2,966 OCD genes and 8,320 
target genes of M. acuminata were compared to identify the 
common gene targets. This resulted in 1,191 gene targets that 
play a key role in OCD and are also the target genes of active 
ingredients of M. acuminata. They were contemplated as the 
same targets between M. acuminata and OCD. Figure 2 depicts 
1,191 common genes between M. acuminata and OCD in the 
form of a Venn diagram.

PPI network construction and identification of hub genes
The Cytoscape tool was used to generate the active 

ingredient-target disease network diagram for examination Table 1. List of active ingredients of M. acuminata along with their 
PubChem ID. 

S. no. Active ingredients PubChem ID

1. Isovaleric acid 10430

2. Elemicin 10248

3. 2-Hexanol 12297

4. 2-Phenyl ethanol 6054

5. Hexanal 6184

6. Myricetin 5281672

7. Hexanoic acid 8892

8. Ethyl acetate 8857

9. 1-Octanol 957

10. Butyl acetate 31272

11. Methyl 2-methyl butyrate 13357

12. 1-Butanol 263

13. Cyclohexanol 7966

14. Butyric acid 264

15. Epigallocatechin 72277

16. Dodecanoate 4149208

17. Elaidic acid 637517

18. Rutin 5280805

19. Eugenol 3314

20. Beta-sitosterol 222284

21. Sesamin 72307

22. Catechin 9064

23. Quercitin 5280343

24. Acuminatin 6441048

Figure 2. Venn diagram showed 1,191 common genes between targets of M. 
acuminata active ingredient and OCD.

Figure 3. Construction of interacting gene targets obtained from CytoHubba. 
The constructed network had 9 nodes and 36 edges.
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to acquire PPI. The usual targets of M. acuminata 1,196 
and OCD were entered. At the confidence score of 0.40, the 

network encloses a total of 1,155 nodes with 19,906 edges. 
As the number of edges becomes greater the association will 
be stronger. The network was further refined at a confidence 
score of 0.95, the network contains a total of 1,155 nodes 
with 1,602 edges. Further analysis of targets of action in the 
gene network is being filtered out of the top nine interacting 
genes based on MCC topology by using the Cytohubba plug-
in of Cytoscape. Out of which tumor necrosis factor (TNF) 
was found to be the most interactive gene in the network. 
Musa acuminata and OCD both target on TNF gene. Figure 
3 shows the network of interacting genes obtained from 
CytoHubba.

Molecular docking and visualization
Molecular docking technologies helped to further 

validate the involvement of M. acuminata in the treatment 
of disease. PPI networking was used to filter and analyze the 
top nine important targets in total. The average betweenness 
centrality, MCC, and degree of freedom are measured while 
developing the network. TNF (PDB ID: 1TNF) is the top 
interacting protein with the highest interactions and is selected 
for docking with the evaluated 24 active ingredients. Recorded 
scores of docking suggested that all active ingredients 
exhibited scores between 5.41 and −8.119 kcal/mol. The 
molecular docking results indicated that the active ingredient 
acuminatin (PubChem ID: 6441048) found in M. acuminata 
shows the best affinity with TNF having the binding energy 
of −8.119 kcal/mol and interacting with lysine residue at 85 
position of TNF receptor through vanderwaal, alkyl, and 
hydrogen bond interactions. Figure 4 shows the 2D and 3D 
visualization of molecular interaction between acuminatin 
active ingredient with TNF protein. The binding energy of the 
active ingredients with TNF as obtained from DockThor have 
been tabulated in Table 2.

Table 2. The binding energy of the active ingredients with TNF as 
obtained from DockThor.

S. no. Active ingredients Binding energy

1. Isovaleric acid −5.79

2. Elemicin −6.93

3. 2-Hexanol −6.13

4. 2-Phenyl ethanol −5.80

5. Hexanal −5.60

6. Myricetin −5.57

7. Hexanoic acid −5.60

8. Ethyl acetate −5.68

9. 1-Octanol −5.52

10. Butyl acetate −5.67

11. Methyl 2-methyl butyrate −6.15

12. 1-Butanol −5.52

13. Cyclohexanol −5.84

14. Butyric acid −5.69

15. Epigallocatechin −5.69

16. Dodecanoate −5.68

17. Elaidic acid −5.72

18. Rutin −6.66

19. Eugenol −5.75

20. Beta-sitosterol −6.0

21. Sesamin −5.51

22. Catechin −5.41

23. Quercitin −5.58

24. Acuminatin −8.119

   (a)          (b)

Figure 4. 2D and 3D visualization of molecular interaction between acuminatin active ingredient with TNF protein. (a) 3D structure. (b) 2D structure.
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effects on several brain disorders [32]. The neolignan class of 
phytochemicals has excellent neuroprotective potential and 
is now being researched for its use in Parkinson’s disease, 
Alzheimer’s disease, and stroke [33,34]. The neolignans protect 
brain microvascular endothelial cells (BMECs) and nerve cells 
thereby preventing several psychiatric disorders. Neolignans 
protect neuronal cells by regulating neuronal function, reducing 
neurotoxicity, suppressing neuronal apoptosis, and its anti-
inflammatory and antioxidant potential. Neolignans increase 
blood supply, normalize blood glucose levels, and close the 
connections between BMECs thereby protecting BMECs. In 
addition, neolignans also decrease glucocorticoid negative 
feedback and increase BDNF expression [35].

Therefore, banana especially its active ingredient 
acuminatin can be effectively used to control and prevent 
the symptoms of OCD triggered by genetic or environmental 
factors like stress, trauma, or bacterial pollution. Acuminatin 
supplements can also be prescribed to OCD patients to manage 
their obsessive and compulsive episodes.
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