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ABSTRACT: Mpyasthenia Gravis is a chronic autoimmune neuromuscular
disorder characterized by impaired neuromuscular transmission, resulting in
fluctuating skeletal muscle weakness. The present study aimed to investigate the
potential therapeutic effects and underlying molecular mechanisms of Clitoria
ternatea against MG using an integrated network pharmacology and molecular
docking approach. Phytoconstituents reported from C. ternatea were collected
from published literature and phytochemical databases, and their chemical
structures were retrieved from PubChem. The identified compounds were
evaluated for drug-likeness and pharmacokinetic properties using SwisSsADME,
followed by prediction of their potential protein targets and identification of
MG-associated targets. The overlapping targets were subjected to protein—
protein interaction analysis, Gene Ontology enrichment, and Kyoto
Encyclopedia of Genes and Genomes pathway analysis to elucidate the potential
biological functions and signaling pathways involved. A total of 110 potential
targets were identified, with significant enrichment in biological processes and
pathways associated with cholinergic neurotransmission, synaptic function,
acetylcholine metabolism, and cellular metabolic processes. Among the
identified targets, acetylcholinesterase emerged as a key target relevant to
cholinergic signaling in MG. Molecular docking analysis revealed favorable
interactions between selected C. ternatea phytoconstituents and the selected
target protein, involving hydrogen bonds, hydrophobic interactions, and other
stabilizing molecular interactions. Overall, the findings suggest that C. ternatea
may exert potential therapeutic effects against MG through the multi-target
modulation of cholinergic neurotransmission and related molecular pathways.
These findings provide a computational basis for further experimental
investigation of C. ternatea as a potential source of bioactive compounds for
MG management.

INTRODUCTION: Myasthenia gravis (MG) is a
chronic  autoimmune disorder that affects
communication between nerves and skeletal
muscles. It is mainly characterized by fluctuating
muscle weakness and easy fatigability.
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The disease commonly affects the eye, facial,
swallowing, speech, respiratory, and limb muscles,
leading to symptoms such as ptosis, diplopia,
difficulty in swallowing, difficulty in speaking, and
generalized muscle weakness.

The neuromuscular junction plays an important role
in muscle contraction. Normally, acetylcholine
(ACh) released from the motor nerve terminal
binds to nicotinic acetylcholine receptors (AChRS)
on the muscle membrane and produces muscle
contraction. In MG, the immune system produces
autoantibodies against proteins involved in
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neuromuscular transmission. The most common
form involves antibodies against AChRs, which
reduce receptor function and number and can cause
damage to the postsynaptic  membrane.
Autoantibodies against other proteins, such as
muscle-specific receptor tyrosine kinase (MuSK)
and low-density lipoprotein receptor-related protein
4 (LRP4), may also occur. These changes reduce
the efficiency of neuromuscular transmission and
result in muscle weakness and fatigue. The
development of MG involves several immune and
molecular mechanisms. T cells, B cells, plasma
cells, complement proteins, cytokines, and other
inflammatory  mediators  contribute to the
autoimmune  response.  Therefore, MG is
considered a complex disease involving multiple
molecular targets and biological pathways.
Understanding these interactions is important for
identifying new therapeutic approaches. Current
treatment options for MG include
acetylcholinesterase  inhibitors, corticosteroids,
immunosuppressive drugs, intravenous
immunoglobulin, plasma exchange, biological
therapies, and thymectomy in selected patients.
Acetylcholinesterase inhibitors improve
neuromuscular transmission by increasing the
availability of acetylcholine at the neuromuscular
junction.  However, they mainly provide
symptomatic relief and do not directly control the
underlying autoimmune process. Long-term use of
immunosuppressive drugs may also cause adverse
effects. These limitations create a need for safer
and more effective therapeutic approaches.
Medicinal plants are important sources of bioactive
compounds and may act on multiple molecular
targets. Clitoria ternatea L. (Fabaceae), commonly
known as butterfly pea, is a medicinal plant

traditionally used for various health-related
conditions. It has been reported to possess
antioxidant, anti-inflammatory, neuroprotective,
anxiolytic, antidepressant, and cognitive-enhancing
properties.  The plant contains  several
phytochemicals, including flavonoids,
anthocyanins, flavonols, and terpenoids *®.

However, its potential molecular effects against
MG have not been sufficiently investigated.
Network pharmacology is a systems-biology
approach that is useful for studying complex
diseases and multi-component medicinal plants. It
integrates compound-target interactions, protein—
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protein interactions, Gene Ontology (GO) analysis,
and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis. This approach can help
identify potential active compounds, disease-
related targets, hub proteins, and important
biological pathways involved in the therapeutic
effects of C. ternatea.

Molecular docking is another useful computational
technique for studying interactions between
phytochemicals and target proteins. It predicts the
possible binding orientation of a compound within
a protein and provides an estimate of binding
affinity. Combining network pharmacology with
molecular docking can therefore provide a better
understanding of the possible mechanisms of action
of C. ternatea against MG. Therefore, the present
study was designed to investigate the potential
therapeutic effects of Clitoria ternatea against
Myasthenia Gravis using an integrated network
pharmacology and molecular docking approach.
The study aims to identify the major
phytoconstituents of C. ternatea, predict their
potential molecular targets, identify common
targets associated with MG, construct protein—
protein interaction networks, determine hub targets,
and analyze important GO functions and KEGG
pathways. Molecular docking will then be used to
evaluate the interactions of selected
phytoconstituents with key target proteins. This
integrated approach may provide useful insights
into the multi-target mechanism of C. ternatea and
help identify potential lead compounds and
therapeutic targets for further experimental
investigation in MG.

MATERIAL AND METHODS "**:

Identification of Clitoria ternatea
Phytoconstituents: Phytoconstituents of Clitoria
ternatea were collected from scientific literature

and phytochemical databases. The chemical
structures and compound information were
obtained from PubChem. Compounds with

available structures were selected for further
analysis.

ADME and Drug-Likeness Screening: The
ADME and drug-likeness properties of the
phytoconstituents were analyzed using
SwissADME. Molecular weight, hydrogen-bond
donors and acceptors, lipophilicity, TPSA,
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gastrointestinal absorption, and Lipinski's rule of
five were evaluated. Compounds with acceptable
properties were selected for further study.

Prediction of Potential Targets: The possible
protein targets of the selected C. ternatea
compounds were identified using target-prediction
databases. The obtained targets were standardized
using UniProt. Duplicate targets were removed.

Collection of Myasthenia Gravis Targets:
Myasthenia Gravis (MG)-related targets were
collected from GeneCards, DisGeNET, OMIM, and
CTD using the keyword “Myasthenia Gravis.” All
targets were combined and duplicate targets were
removed.

Identification of Common Targets: The targets of
C. ternatea compounds were compared with the
MG-related targets. The overlapping targets were
identified using a Venn diagram. These common
targets were considered potential targets of C.
ternatea against MG.

Protein—Protein  Interaction Network: The
common targets were analyzed using the STRING
database to identify protein—protein interactions.
The organism was selected as Homo sapiens. The
resulting network was imported into Cytoscape.
Degree centrality, betweenness centrality, and
closeness centrality were analyzed. Highly
connected targets were considered potential hub
targets.

Gene Ontology Analysis: Gene Ontology (GO)
analysis was performed to identify the functions of
the common targets. The analysis included:
Biological Process, Molecular Function, Cellular
Component (CC). Significantly enriched GO terms
were identified and presented using graphical plots.

KEGG Pathway Analysis: KEGG pathway
analysis was performed to identify important
pathways related to the common targets.
Significantly enriched pathways were identified
using p-values and adjusted p-values. Pathways
related to cholinergic signaling, immune responses,
inflammation, and neuromuscular function were
examined when present.

Compound-Target-Pathway  Network: A
compound-target—pathway network was created
using Cytoscape. The network included C. ternatea
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compounds, common MG targets, and enriched
pathways. Highly connected compounds and
targets were identified.

Protein Preparation for Molecular Docking: The
selected hub proteins were chosen for molecular
docking. Their 3D structures were obtained from
the Protein Data Bank (PDB).

Before docking, unwanted water molecules and co-
crystallized ligands were removed. Hydrogen
atoms and charges were added, and the proteins
were saved in the required docking format.

Ligand Preparation: The 3D structures of selected
C. ternatea compounds were obtained from
PubChem. The compounds were energy-minimized
and converted into the required format for docking.

Molecular Docking: Molecular docking was
performed using AutoDock *°. Selected C. ternatea
compounds were docked with the identified hub
proteins. The docking site was selected based on
the known or predicted active site of each protein.

The compounds were ranked according to their
binding energy. Compounds with lower or more
negative binding energies were considered to have
stronger predicted binding. The best docking poses
and interactions with important amino acid residues
were analyzed.

RESULT AND DISCUSSION: Lipinski’s Rule of
Five (Ro5) is widely used to evaluate the drug-
likeness and physicochemical properties of small
molecules that influence their pharmacokinetic
behavior and oral bioavailability. According to the
rule, a compound is more likely to exhibit
favorable oral drug-like properties when it has a
molecular weight (MW) of <500 Da, a calculated
octanol/water partition coefficient (logP) of <5, no
more than 5 hydrogen-bond donors (HBD), and no
more than 10 hydrogen-bond acceptors (HBA).
Compounds with no more than one violation of
these criteria are generally considered to have
acceptable drug-like characteristics. In the present
study, the drug-likeness properties of the
phytoconstituents identified from Clitoria ternatea
were evaluated using the SwissADME web tool.
Based on Lipinski’s Rule of Five, 53
phytoconstituents satisfied the specified drug-
likeness criteria, whereas 10 phytoconstituents
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exhibited one or more violations. The majority of
the identified compounds therefore demonstrated
favorable physicochemical characteristics,
suggesting their potential for further investigation
as orally active bioactive candidates. However,
compounds showing Lipinski violations should not
be considered automatically inactive, as some
bioactive natural products may deviate from these
conventional criteria  while still  exhibiting
pharmacological activity. Gene Ontology (GO)
enrichment analysis was performed for the 110
common targets identified between Clitoria
ternatea phytoconstituent targets and Myasthenia
Gravis-associated targets. The analysis was
categorized into Biological Process, Cellular
Component, and Molecular Function Fig. 1. The
Biological Process analysis showed enrichment of
several processes related to cholinergic signaling,
neuromuscular junction function, synaptic activity,
and cellular communication. Among the enriched
terms, acetylcholine-related processes, synaptic
organization, and  neuromuscular  junction-
associated processes were prominent. These
findings are particularly relevant to Myasthenia
Gravis because the disease is mainly associated
with impaired communication between motor
neurons and skeletal muscle at the neuromuscular
junction. The enrichment of processes related to
acetylcholine metabolism and synaptic function
suggests that the common targets may influence
cholinergic neurotransmission. Since acetylcholine
is the major neurotransmitter responsible for
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skeletal muscle contraction, modulation of these
processes may  contribute to  improved
neuromuscular communication. The Cellular
Component analysis demonstrated that the common
targets were mainly associated with neuronal and
synaptic structures, plasma membrane, receptor
complexes, and extracellular regions. The highest
enrichment was observed for receptor-related and
membrane-associated components, indicating the
involvement of proteins located at or near the cell
membrane. These findings are relevant to MG
because acetylcholine receptors and other proteins
involved in neuromuscular transmission are located
at the neuromuscular junction. Therefore, the
enrichment of membrane and receptor-associated
components supports the possible involvement of
C. ternatea phytoconstituents in regulating
molecular events associated with neuromuscular
signaling. The Molecular Function analysis showed
enrichment of functions including enzyme activity,
protein binding, receptor binding, acetylcholine-
related activity, and other molecular interactions.
Among the identified terms, cholinesterase-related
activity showed prominent enrichment in the
analysis. Cholinesterases regulate the level of
acetylcholine at the neuromuscular junction by
hydrolyzing  acetylcholine.  Therefore,  the
enrichment of cholinesterase-related molecular
functions is particularly important in the context of
MG. Modulation of cholinergic activity may
increase the availability of acetylcholine and
support neuromuscular transmission.
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FIG. 1: GENE ONTOLOGY ENRICHMENT ANALYSIS OF
COMPONENT (CC), AND MOLECULAR FUNCTION (MF)
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The Fig. 2 shows the disease enrichment analysis
of the identified target genes. The analysis indicates
that several of the predicted targets are significantly
associated with neuromuscular and nervous-system
disorders, particularly myasthenic syndromes.
Disease enrichment analysis revealed that the
predicted target genes were significantly associated
with several neurological and neuromuscular
disorders. Among the enriched disease terms,
myasthenic syndromes and acetylcholine receptor
deficiency-associated =~ myasthenic ~ syndromes
showed prominent associations. Several target
genes, including ACHE, BCHE, CHAT, MUSK,
DOK7, LRP4, AGRN, COLQ and RAPSN, were

E- ISSN: 2348-3962, P-ISSN: 2394-5583

linked to these disease categories. These genes are
involved in acetylcholine metabolism and
cholinergic neurotransmission, as well as the
formation, organization and maintenance of the
neuromuscular junction given in Table 1. The
enrichment of myasthenia-related disease terms
suggests that the identified phytoconstituent targets
may potentially influence molecular mechanisms
associated  with impaired neuromuscular
transmission. Overall, the disease enrichment
results provide computational support for the
potential relevance of the identified Clitoria
ternatea targets to Myasthenia Gravis and
associated neuromuscular dysfunction.
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FIG. 2: THE DISEASE ENRICHMENT ANALYSIS OF THE IDENTIFIED TARGET

TABLE 1: THE IDENTIFIED TARGET THEIR ROLE IN

MYASTHENIA GRAVIS

Target Full name

Role in Myasthenia Gravis

ACHE Acetylcholinesterase

Breaks down acetylcholine (ACh) in the synaptic cleft. Increased AChE activity can

reduce ACh availability and weaken neuromuscular transmission. AChE inhibition
increases ACh at the NMJ and is therefore an important symptomatic therapeutic

BCHE Butyrylcholinesterase

mechanism in MG.

A cholinesterase that can hydrolyze acetylcholine and other choline esters. It may

contribute to regulation of cholinergic signaling, although AChE is the major enzyme
responsible for ACh hydrolysis at the NMJ.

Choline O-
acetyltransferase

CHAT

MUSK Muscle-specific kinase

Synthesizes acetylcholine from choline and acetyl-CoA in cholinergic neurons.
Alterations in CHAT can influence ACh availability for neurotransmission and

therefore may affect NMJ function.

A key postsynaptic receptor tyrosine kinase involved in organization and maintenance

of the NMJ. MuSK signaling is essential for clustering acetylcholine receptors
(AChRs). Autoantibodies against MuSK cause a distinct subtype of MG and impair

DOK7 Docking protein 7

NMJ transmission.

Activates MuSK signaling and is essential for NMJ formation and maintenance.

International Journal of Pharmacognosy

1041



Vishali et al., 1JP, 2026; Vol. 13(10): 1037-1044.

E- ISSN: 2348-3962, P-ISSN: 2394-5583

LRP4 LDL receptor-related
protein 4
AGRN Agrin
COLQ Collagen-like tail subunit
of asymmetric
acetylcholinesterase
RAPSN Receptor-associated

protein of the synapse

Genetic defects in DOK?7 cause congenital myasthenic syndromes by disrupting NMJ
development and function.
Functions as a critical component of the agrin—LRP4-MuSKsignaling pathway. LRP4
interacts with agrin and activates MuSK to promote AChR clustering. LRP4
autoantibodies are also detected in a subset of patients with autoimmune MG.

A motor-neuron-derived extracellular matrix protein that initiates signaling required
for AChR clustering at the NMJ. Agrin activates LRP4, which subsequently stimulates
MuSK signaling. Disruption of this pathway can impair NMJ integrity.
Anchors AChE to the NMJ through the collagen-like tail of the enzyme. COLQ defects
can impair localization of AChE at the NMJ and cause congenital myasthenic
syndrome.

An important postsynaptic protein involved in clustering and stabilization of AChRs at
the NMJ. RAPSN mutations can cause congenital myasthenic syndromes by reducing

functional AChR clustering.

Topological analysis based on degree centrality,
betweenness centrality, and closeness centrality
identified ACHE as prominent hub proteins. ACHE
demonstrated the highest degree centrality (26),
indicating extensive direct interactions with other
proteins in the network. Importantly, ACHE also
exhibited the highest betweenness centrality
(0.123553) and closeness centrality (0.933333). Its
high betweenness value suggests that ACHE
occupies an important position for connecting
different regions of the interaction network,
whereas its high closeness value indicates that it is
relatively close to other network components.
Molecular docking analysis was performed to
investigate the interaction of the identified Clitoria
ternatea phytoconstituents with
acetylcholinesterase an important therapeutic target
associated with cholinergic neurotransmission in
Myasthenia Gravis. The docking scores of the
selected phytoconstituents ranged from —5.36 to
—11.32  kcal/mol, indicating variable binding
affinities toward the target protein. Compounds

exhibiting more negative binding energies were
considered to possess stronger predicted binding
interactions with AChE. Among the investigated
phytoconstituents, alpha tocopherol exhibited the
most favorable binding energy of —11.32 kcal/mol,
followed by gamma tocopherol —10.98 kcal/mol.
The binding affinity of these compounds was
comparable that of the standard drug
pyridostigmine which showed a docking score of
—11.67 kcal/mol. Overall, the docking results
indicated that alpha & gamma tocopherol
demonstrated the most favorable predicted
interaction with AChE among the investigated
phytoconstituents given in Fig. 3. These findings
suggest that the compound may possess potential
AChE inhibitory activity and could contribute to
the modulation of cholinergic neurotransmission
relevant to Myasthenia Gravis. However, the
docking results represent computational predictions
and require confirmation through appropriate in-
vitro enzyme inhibition and experimental studies.
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Network pharmacology analysis identified multiple
potential therapeutic targets and revealed their
involvement in biological processes and pathways
associated with cholinergic neurotransmission,
synaptic function, and cellular metabolism. Among
the identified targets, acetylcholinesterase
represents an important target because modulation
of acetylcholine metabolism may influence
neurotransmission at the neuromuscular junction.
Molecular docking analysis further demonstrated
that several C. ternatea phytoconstituents exhibited
favorable binding interactions with the selected
target proteins. The presence of hydrogen bonds,
hydrophobic interactions, and other stabilizing
interactions supported the potential affinity of the
identified compounds toward the target. The
compounds with the most favorable docking scores
may therefore represent promising candidates for
further investigation. Overall, the integrated
network pharmacology and molecular docking
findings suggest that C. ternatea may exert its
potential effects against Myasthenia Gravis through
multi-target modulation of cholinergic and related
molecular pathways. However, these findings are
based on computational predictions and should be
validated through in-vitro enzyme inhibition
studies, cellular experiments, and appropriate in-
Vivo investigations to establish their
pharmacological efficacy and mechanism of action.
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