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ABSTRACT

Introduction: Clitoria ternatea Linn. (Aparajita) is a medicinal
plant traditionally recognized in Ayurveda for diverse
therapeutic applications. The root of Shweta Aparajita has been
described in classical texts for Galganda, providing a
traditional basis for exploring its relevance to thyroid-related
disorders. However, the molecular mechanisms underlying its
potential  thyrogenic  activity  remain insufficiently
characterized. The present study aimed to explore the potential
molecular mechanisms of Clitoria ternatea root in
hypothyroidism using an exploratory network pharmacology
approach. Methods: Phytoconstituents of Clitoria ternatea root
were retrieved from IMPPAT 2.0 and published literature,
supplemented by compounds identified through LC-MS
analysis. The identified compounds were evaluated for drug-

likeness and ADME properties using SwissADME and

MolSoft. Potential molecular targets were predicted using Swiss Target Prediction.

Hypothyroidism-associated genes were retrieved from GeneCards and OMIM, followed by

merging, deduplication, and filtering. Common targets were identified using Venn analysis.

KEGG pathway enrichment was performed using DAVID v6.8, while compound-target
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networks were constructed using Cytoscape 3.10.3. Hub genes were identified using
CytoHubba employing Degree, MCC, EPC, and Closeness algorithms. Results: A total of 32
phytoconstituents were identified, comprising 8 compounds from IMPPAT 2.0 and 24
compounds from LC—MS analysis; 26 compounds were retained following drug-likeness and
ADME screening. Target prediction identified 705 compound-target interactions involving
307 unique targets. GeneCards and OMIM vyielded 7,194 and 288 disease-associated entries,
respectively, with 7,209 unique hypothyroidism-associated genes retained after processing.
Venn analysis identified 158 common targets. KEGG analysis revealed 135 significantly
enriched pathways, including 47 hypothyroidism-associated pathways, involving thyroid
hormone, PI3K-Akt, MAPK, cAMP, JAK-STAT, PPAR, insulin, NF-xB, and TNF signaling.
Hub analysis identified targets including ESR1, ESR2, PTPN1, CAl, CA2, DPP4, XDH,
CYP1B1, HDACES6, and PPARA. Conclusion: The findings suggest that Clitoria ternatea root
may exert potential thyrogenic effects through a multi-component, multi-target, and multi-
pathway molecular network involving endocrine, metabolic, inflammatory, and cellular
signaling processes. These computational findings provide mechanistic insights into its
traditional relevance to Galganda and warrant validation through experimental molecular and

pharmacological studies.

KEYWORDS: Clitoria ternatea; Aparajita; Hypothyroidism; Galganda; Network

pharmacology; Thyrogenic activity; Phytoconstituents; Hub genes.

INTRODUCTION

Hypothyroidism, specifically, is the most common of thyroid disorders in India, affecting one
in ten adults. The prevalence of hypothyroidism in India is 11%, compared with only 2% in
the UK and 4-6% in the USA. Compared with coastal cities (example, Mumbai, Goa, and
Chennai), cities located inland (example, Kolkata, Delhi, Ahmedabad, Bangalore, and
Hyderabad) have a higher prevalence (11-7% vs 9-5%).!!

Hypothyroidism is a common endocrine disorder characterized by inadequate production of
thyroid hormones, primarily thyroxine (T4) and triiodothyronine (T3), resulting in
disturbances of metabolic and physiological functions.””! Clinical manifestations may include
fatigue, weight gain, cold intolerance, constipation, cognitive changes, and alterations in lipid
metabolism. Although thyroid hormone replacement remains the standard therapeutic
approach, the complex pathophysiology of hypothyroidism and the persistence of symptoms
in some patients emphasize the need to explore additional therapeutic approaches.?!
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In Ayurveda, thyroid-related manifestations considered in the context of Agni dushti and
Galganda. Classical texts describe Galganda as a disorder involving swelling of the neck
region, with Vata, Kapha, and Meda described among its pathological factors. Although
Galganda cannot be regarded as synonymous with hypothyroidism, its classical description
provides an Ayurvedic basis for investigating medicinal plants traditionally indicated in
thyroid-related disorders.

Aparajita, botanically identified as Clitoria ternatea Linn. belonging to the family Fabaceae,
is a medicinal plant traditionally used for various therapeutic purposes.[* Classical Ayurvedic
literature describes two varieties, Shweta Aparajita and Neela Aparajita, and attributes
several pharmacological properties to the drug.!® Of particular relevance, the root of Shweta
Aparajita has been described for use in Galganda in classical texts, including Vangasena
Samhita, Chakradatta, and Bhaishajya Ratnavali.l®! Experimental studies have also reported
pharmacological activities of Aparajita root, including antioxidant, antihistaminic, and

antiasthmatic properties.®!

Despite its traditional indication in Galganda and reported pharmacological activities, the
molecular basis underlying the potential thyrogenic activity of Clitoria ternatea remains
insufficiently explored.®*® The presence of multiple phytoconstituents suggests that its
biological effects may involve interactions with several molecular targets and signaling
pathways rather than a single target. Conventional reductionist approaches may not

adequately capture such complex phytochemical—target relationships.*

Network pharmacology provides a systems-level approach for investigating the interactions
among bioactive phytoconstituents, molecular targets, disease-associated genes, and
biological pathways. Therefore, it can provide mechanistic insights into the potential multi-
target actions of medicinal plants and help identify key molecular targets and pathways
associated with their pharmacological effects.[*?

Accordingly, the present study employed an exploratory network pharmacology approach to
investigate the potential molecular mechanisms underlying the thyrogenic activity of Clitoria
ternatea Linn. in hypothyroidism. The analysis focused on identification of its

phytoconstituents, prediction of potential molecular targets, identification of common
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hypothyroidism-associated targets, pathway enrichment, and hub gene analysis to provide

molecular-level insights into its potential role in thyroid-related disorders.

METHODS

Exploratory Network Pharmacology Analysis

Network pharmacology analysis was performed as an exploratory supplementary component
to investigate the potential molecular mechanisms underlying the thyrogenic activity of
Clitoria ternatea Linn. The analysis involved phytochemical identification, drug-likeness and
ADME screening, target prediction, identification of hypothyroidism-associated targets,
pathway enrichment, and network analysis.!**!

Selection and Retrieval of Phytochemicals

Phytoconstituents of Clitoria ternatea Linn. were identified from the Indian Medicinal Plants,
Phytochemistry and Therapeutics (IMPPAT 2.0) database and published scientific
literature.'! Constituents identified by LC-MS analysis of the root extract were also
included. The PubChem database was used to retrieve the Compound ID (CID) and canonical
SMILES notation of the identified phytochemicals, which were subsequently used for

computational analyses.!*”

Drug-Likeness and ADME Screening

The identified phytochemicals were evaluated for drug-likeness using SwissADME and
MolSoft. Lipinski’s Rule of Five was used as the primary criterion, and compounds with not
more than one violation were considered for further analysis.[***" The shortlisted compounds
were subsequently assessed using SwissADME for gastrointestinal absorption, blood—brain
barrier permeability, P-glycoprotein substrate properties, and interactions with major
cytochrome P450 enzymes.[*8*!

Compound Target Prediction

Potential molecular targets of the shortlisted phytochemicals were predicted using
SwissTargetPrediction with Homo sapiens selected as the target organism.”® Predicted
targets with a probability score of >0.4 were retained and compiled to generate the

compound-target dataset for subsequent network analysis.”*”

Retrieval of Hypothyroidism-Associated Targets
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Hypothyroidism-associated genes were retrieved from the GeneCards and Online Mendelian
Inheritance in Man (OMIM) databases using the keyword “Hypothyroidism.” The retrieved
gene sets were merged, duplicate entries were removed, and relevant targets were retained

based on their database-associated relevance scores.???°l

Identification of Common Targets

The predicted phytochemical targets were compared with the hypothyroidism-associated
genes using a Venn diagram approach.?” The overlapping genes were considered potential
common targets linking Clitoria ternatea phytoconstituents with hypothyroidism and were
subjected to subsequent network and functional analyses.”*!

KEGG Pathway Enrichment Analysis

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the
common targets was performed using the Database for Annotation, Visualization and
Integrated Discovery (DAVID v6.8).1%) Pathways with P < 0.05 were considered statistically
significant and were selected for further biological interpretation and network

construction.?”]

Network Construction and Hub Gene Identification

Compound-target and compound-target—pathway networks were constructed and visualized
using Cytoscape . The CytoHubba plugin was used to evaluate network topology and
identify highly connected hub genes.?® The top-ranked genes were considered potential key
molecular targets associated with the pharmacological activity of Clitoria ternatea in

hypothyroidism.!

OBSERVATION AND RESULTS

Network Pharmacology of Clitoria ternatea Linn.

Based on the phytochemical profiling and in silico analysis, Clitoria ternatea Linn. was
subjected to network pharmacology analysis to explore its potential molecular mechanisms
related to thyrogenic activity. Phytoconstituents identified through the IMPPAT 2.0 database,
published literature, and LC-MS analysis were evaluated for drug-likeness and ADME
properties, followed by target prediction, disease-gene mapping, pathway enrichment, and

network analysis.
Phytochemical Retrieval and Drug-Likeness Screening
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A total of 8 phytochemicals were retrieved from the IMPPAT 2.0 database for the root, while

24 phytochemicals were identified through LC-MS analysis, resulting in 32 phytochemicals

for preliminary in silico evaluation. The identified compounds belonged to diverse chemical

classes, including flavonoids, alkaloids, terpenoids, fatty acid derivatives, and other

secondary metabolites.

Table 1: A List of final selected compound after Absorption, distribution, metabolism

and excretion screening of Clitoria ternatea Linn.

Pubchem . . A S Molecular
Sr. No Id Phytochemical Name Bioavailability Lipinski Weight
1 5280863 | Kaempferol 0.55 Yes; 0 violation | 286.24 g/mol
Yes; 1 violation:
2 92785 Taraxerone 0.55 MLOGP>4 15 424.70 g/mol
Yes; 1 violation:
3 92097 Taraxerol 0.55 MLOGP>4 15 426.72 g/mol
(8S,95,10R,13R,14S,17R)-17-[(2R,5R)-5-ethyl-6-
methylheptan-2-yl]-10,13-dimethyl-2,7,8,9,11, Yes; 1 violation:
4 5490007 | 15 14 15,16,17-decahydro-1H 0.55 MLOGP>4.15 | 26-67 g/mol
-cyclopenta[a] phenanthrene-3,6-dione
5 5280961 | Genistein 55 Yes; 0 violation | 270.24 g/mol
6 10147 Chelidonine (+) 0.55 Yes; 0 violation | 353.37 g/mol
7 6708732 | Retusin dimethyl ether 0.55 Yes; 0 violation | 312.32 g/mol
8 442206 | Elephantopin 0.55 Yes; 0 violation | 360.36 g/mol
9 5192 Sebacic acid 0.85 Yes; 0 violation | 202.25 g/mol
10 446541 | Mycophenolic acid 0.56 Yes; 0 violation | 320.34 g/mol
11 6708755 | Deoxysappanone B 7,3'-dimethyl ether acetate 0.55 Yes; 0 violation | 356.37 g/mol
7-[2 trifluoromethyl-4-(2-hydroxyphenyl) A
12 5311390 -1,3-dioxancis-5-yl] -hept-5Z-enoic acid 0.55 Yes; 0 violation | 374.35 g/mol
13 97143 3-hydroxy-3',4'-dimethoxyflavone 8 0.55 Yes; 0 violation | 298.29 g/mol
14 6708795 | Isotectorigenin, 7-Methyl ether 0.55 Yes; 0 violation | 328.32 g/mol
15 6443968 | Tuberonic acid 0.85 Yes; 0 violation | 226.27 g/mol
16 14605548 | Gibberellin A29 0.56 Yes; 0 violation | 348.39 g/mol
17 6918612 | Anisodamine 0.85 Yes; 0 violation | 305.37 g/mol
18 14146249 | 8-(1-Hydroxyethyl)etodolac 0.56 Yes; 0 violation | 303.35 g/mol
19 65411 Triptonide 0.56 Yes; 0 violation | 358.39 g/mol
20 44230574 | Naloxol 0.55 Yes; 0 violation | 329.39 g/mol
21 5361092 | Butorphanol 0.55 Yes; 0 violation | 327.46 g/mol
22 54679299 | 2-lsoprenyl-3-hydroxy-5-methyl-a-pyrone 0.55 Yes; 0 violation | 194.23 g/mol
23 5281969 | Anandamide 0.55 Yes; 0 violation | 347.53 g/mol
. . Yes; 1 violation:
24 5283452 | (Z)-N-(2-hydroxyethyl)icos-11-Enamide 0.55 MLOGP>4 15 353.58 g/mol
. Yes; 1 violation:
25 76468 Docosanamide 0.55 MLOGP>4 15 339.60 g/mol
26 5283127 | LTB4 ethanol amide 0.55 Yes; 0 violation | 379.53 g/mol
Target Prediction
Target prediction of the shortlisted phytochemicals was performed using

SwissTargetPrediction with Homo sapiens selected as the target organism. A total of 705

compound-target interactions were initially identified. After removal of duplicate entries, 307

unique protein targets were obtained for further analysis. The predicted targets were
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associated with diverse biological functions, including inflammatory response, oxidative
stress, signal transduction, immune modulation, metabolic regulation, and endocrine-related
processes. Representative targets included ABCG2, TRPC5, IP6K2, HDAC6, NOX4,
CYP1B1, ALOX12, ALOX15, PKM, SIRT6, GSK3B, TLR4, MAPK3, NLRP3, NFKB1,
HMGCR, FFARL, and PRKCQ, along with several cytochrome P450 enzymes and receptor-
mediated signaling proteins. The identified targets demonstrated the multi-target nature of the
phytochemical profile and were subsequently used for hypothyroidism-associated target
mapping, identification of overlapping genes, PPl network construction, and pathway

enrichment analysis.

Disease Gene Retrieval

Hypothyroidism-associated genes were retrieved from the GeneCards and Online Mendelian
Inheritance in Man (OMIM) databases using the keyword “Hypothyroidism.” GeneCards
yielded 7,194 gene symbols, while 288 disease-associated genes were obtained from OMIM.
After merging the datasets and removing duplicate entries, a total of 7,209 unique
hypothyroidism-associated genes were identified. The final disease-gene dataset was
subsequently used for identification of common targets with the predicted Clitoria ternatea
targets, PPl network construction, functional enrichment analysis, and compound-target—
pathway network development.

Common Target Genes

Venn diagram analysis identified 158 common target genes shared between the predicted
targets of Clitoria ternatea phytochemicals and hypothyroidism-associated genes. These
overlapping targets included genes involved in endocrine regulation, inflammation, oxidative
stress, metabolism, and cellular signaling. Representative targets included CA2, TLR4,
CYP3A4, XDH, ACE, CFTR, MMP9, HDAC1, HDAC6, NOX4, AKT1, EGFR, STATS3,
GSK3B, PPARG, PIK3CA, NFKB1, NLRP3, ESR1, INSR, BRAF, PARP1, VDR etc. The
158 common targets were subsequently subjected to KEGG pathway enrichment, PPI

network analysis, and hub gene identification.
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Aprajita Hypothyroidism

7051
(95.8%)

Figure 1 Venn diagram of Clitoria ternatea Linn And Hypothyroidism.

KEGG Pathway Enrichment Analysis

KEGG pathway enrichment analysis of the 158 common target genes was performed using
DAVID Bioinformatics Resources. A total of 135 significantly enriched pathways were
identified, of which 47 pathways were directly associated with hypothyroidism. The major
enriched pathways included the thyroid hormone signaling, PI3K-Akt, MAPK, cAMP, FoxO,
JAK-STAT, estrogen, PPAR, insulin, HIF-1, NF-kB, TNF, calcium, and steroid hormone
signaling pathways. These pathways are associated with endocrine regulation, metabolic
homeostasis, inflammatory responses, and cellular signaling relevant to hypothyroidism. The
identified pathways were subsequently considered for further network analysis and biological

interpretation.

[ THYROID HORMONE SIGNALING PATHWAY |
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Figure 2: Database for Annotation, Visualization, and Integrated Discovery pathway
analysis. (a) Thyroid Hormone Signaling Pathway (b) PI3K-Akt signaling Pathway. (c)
MAPK signaling Pathway (d) cAMP signaling pathway. (e) JAK-STAT signaling
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pathway. (f) Parathyroid hormone synthesis, secretion_and action (g) Steroid hormone

biosynthesis.

Network Analysis

The compound-target interaction network was constructed using Cytoscape version 3.10.3 to
visualize the relationships among Clitoria ternatea phytoconstituents and hypothyroidism-
associated target genes. The network demonstrated a complex multi-component and multi-
target interaction pattern, with several phytochemicals interacting with multiple target

proteins and several targets being regulated by multiple phytoconstituents.

The observed network architecture highlighted the polypharmacological nature of Clitoria
ternatea and its potential to modulate multiple molecular targets and signaling pathways
associated with hypothyroidism. The identified interactions were further considered for hub
gene analysis and mechanistic interpretation.

Multi-Algorithm Hub Gene Ranking

Hub gene analysis was performed using the CytoHubba plugin in Cytoscape version 3.10.3 to
identify highly connected and topologically important genes within the interaction network. A
multi-algorithm approach was employed using Degree, Maximal Clique Centrality (MCC),
Edge Percolated Component (EPC), and Closeness centrality to obtain a robust identification
of key network nodes.

The Degree algorithm evaluated direct connectivity, while MCC, EPC, and Closeness
assessed network centrality and topological importance from different perspectives. The
integrated analysis enabled the identification of consensus hub genes that demonstrated high
network connectivity and potential relevance to the molecular mechanisms associated with

the activity of Clitoria ternatea in hypothyroidism.
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Multi-Algorithm Hub Gene Ranking of Clitoria ternatea
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Figure 3: Top 100 Hub Genes of Clitoria ternatea Linn.

Multi-Algorithm 100 Hub Gene Ranking
CytoHubba analysis using Degree, MCC, EPC, and Closeness algorithms identified the top

100 hub genes within the interaction network. The prominent hub genes included ESR1,
ESR2, PTGS1, PTGS2, PTPN1, CAl, CA2, ADORA3, PSMB5, ACHE, ABCB1, DPP4,
XDH, CYP1B1, HDAC6, ABCG2, PPARA, and HSD11B1. These genes showed high
topological importance and were considered key candidate targets associated with the

potential molecular effects of Clitoria ternatea in hypothyroidism.
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Multi-Algorithm Hub Gene Ranking of Clitoria ternatea

Figure 4: Top 50 Hub Genes of Clitoria ternatea.

Multi-Algorithm 50 Hub Gene Ranking

Topological analysis of the PPI network was performed using CytoHubba in Cytoscape
3.10.3, employing Degree, MCC, EPC, and Closeness algorithms for consensus hub
identification. The analysis identified the top 50 hub genes, with prominent targets including
PTPN1, CAl, ADORA3, PSMB5, ACHE, CA2, ABCB1, DPP4, XDH, CYP1B1, HDACS,
and ABCG2. Several Clitoria ternatea phytoconstituents showed high network connectivity
with these targets, particularly Kaempferol, Genistein, Tuberonic acid, Retusin dimethyl
ether, Sebacic acid, Isotectorigenin-7-methyl ether, Elephantopin, and Taraxerol. These
findings identified the major hub targets and phytochemical-target interactions within the
network associated with hypothyroidism.

Conclusion of Supplementary Network Analysis

The supplementary network pharmacology analysis indicated that Clitoria ternatea Linn.
interacts with multiple molecular targets and signaling pathways associated with
hypothyroidism. Consensus hub analysis identified important targets including ESR1, ESR2,
PTPN1, CAl, CA2, ADORA3, DPP4, XDH, CYP1B1, HDAC6, PPARA, EGFR, PPARG,

and TRPV1, along with several other functionally relevant genes.
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Phytoconstituents such as Kaempferol, Genistein, Tuberonic acid, Retusin dimethyl ether,
Sebacic acid, Isotectorigenin-7-methyl ether, Elephantopin, and Taraxerol showed
interactions with multiple targets. Overall, the findings support a multi-target and multi-
pathway pharmacological profile of Clitoria ternatea and provide molecular-level insights

that complement the observed in vivo findings related to its potential thyrogenic activity.

DISCUSSIONS$

The present exploratory network pharmacology study provides a systems-level perspective on
the potential molecular basis of the thyrogenic activity of Clitoria ternatea Linn. root in
hypothyroidism. The selection of the root is supported by its classical indication in Galganda,
while the network-based approach enabled investigation of the complex interactions between

its phytoconstituents, disease-associated genes, and signaling pathways.

An integrated phytochemical approach combining IMPPAT 2.0, published literature, and LC—
MS profiling identified 32 phytoconstituents, of which 26 compounds fulfilled the predefined
drug-likeness and ADME criteria. The retention of a substantial proportion of the identified
compounds indicates considerable chemical diversity with potentially favorable
pharmacokinetic characteristics. This finding provides a rational basis for further target-based

investigation and is consistent with the multi-component nature of medicinal plants.

Target prediction further demonstrated the broad molecular interaction profile of the selected
phytochemicals. A total of 705 compound-target interactions corresponding to 307 unique
protein targets were identified. These targets were associated with endocrine regulation,
metabolism, inflammatory responses, oxidative stress, immune modulation, and intracellular
signaling. Such a broad target distribution supports the possibility that the biological effects
of Clitoria ternatea may arise through modulation of multiple interconnected molecular

processes rather than through a single target.

Integration with hypothyroidism-associated genes identified 158 common targets, providing a
focused set of molecular links between the phytochemical profile and the disease network.
Important overlapping targets included AKT1, EGFR, PIK3CA, PTPN1, PPARG, ESR1,
TLR4, NFKB1, NLRP3, HDAC6, NOX4, XDH, and CA2, among others. These targets
participate in endocrine signaling, metabolic regulation, inflammatory responses, oxidative
stress, and cellular signaling, all of which are relevant to the systemic disturbances associated

with hypothyroidism.
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KEGG enrichment of the common targets identified 135 significantly enriched pathways,
including 47 pathways associated with hypothyroidism. Of particular relevance were the
thyroid hormone, cAMP, PI3K-Akt, MAPK, JAK-STAT, PPAR, insulin, HIF-1, NF-xB,
TNF, calcium, estrogen, and steroid hormone signaling pathways. The enrichment of thyroid
hormone signaling is especially relevant because thyroid hormones regulate metabolic
activity and energy homeostasis, while the associated cAMP and intracellular kinase

pathways participate in hormonal signal transduction and cellular responses.

The PIBK-Akt and MAPK pathways provide an important mechanistic link between
endocrine signaling and metabolic or cellular responses. Targets such as AKT1, PIK3CA,
INSR, EGFR, PTPN1, BRAF, and MAPK3 were associated with these networks. Their
involvement suggests that the phytochemical constituents may potentially influence pathways
related to cellular survival, metabolic regulation, receptor signaling, and stress responses.
Similarly, enrichment of the cCAMP pathway is noteworthy because cyclic AMP participates

in hormonal signal transduction, including pathways involved in thyroid regulation.

The enrichment of HIF-1, NF-xB, and TNF signaling further indicates the involvement of
cellular stress and inflammatory processes. Hypothyroidism is associated with metabolic
alterations and may involve oxidative and inflammatory disturbances. In the present network,
genes such as NOX4, NFKB1, TLR4, AKT1, and MAPK-associated targets linked these
pathways with the phytochemical-disease interaction network. Thus, the computational
findings suggest that modulation of oxidative stress and inflammatory signaling may form

part of the broader molecular profile of Clitoria ternatea.

The enrichment of PPAR, insulin, adipocytokine, calcium, VEGF, estrogen, and steroid
hormone-related pathways further reflects the interconnected nature of endocrine and
metabolic regulation. Targets including PPARA, PPARG, ESR1, AKT1, and MAPK-
associated proteins were represented within these networks. Such pathway associations are
relevant because thyroid dysfunction can influence energy metabolism, lipid handling,
hormonal signaling, and cellular homeostasis. However, these pathway associations should be
interpreted as predicted molecular relationships rather than evidence of direct pathway

activation by the plant.

Hub analysis using multiple CytoHubba algorithms provided additional insight into the
central nodes of the network. The identification of genes such as ESR1, ESR2, PTPN1, CA1,
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CA2, DPP4, XDH, CYP1B1, HDAC6, ABCG2, PPARA, EGFR, and PTGS1/PTGS2 among
the highly ranked targets indicates their topological importance within the constructed
network. These genes are associated with diverse processes including endocrine regulation,
metabolism, inflammatory signaling, oxidative stress, and cellular regulation. Their high
connectivity suggests that they may represent candidate molecular nodes through which

multiple phytoconstituents could influence the hypothyroidism-associated network.

Several phytoconstituents, particularly kaempferol, genistein, tuberonic acid, retusin dimethyl
ether, sebacic acid, isotectorigenin-7-methyl ether, elephantopin, and taraxerol, showed
substantial connectivity within the compound-target network. The prominent representation
of kaempferol and genistein across several signaling networks is noteworthy because the
computational findings associate these compounds with pathways involved in metabolic,
inflammatory, oxidative, and endocrine regulation. Nevertheless, the present network analysis
identifies these compounds as candidate contributors based on predicted interactions and does
not establish their individual efficacy or synergistic action.

Overall, the findings indicate that the potential activity of Clitoria ternatea Linn. root in
hypothyroidism involve a multi-component, multi-target, and multi-pathway molecular
profile. The convergence of phytochemical targets with hypothyroidism-associated genes and
enrichment of thyroid, endocrine, metabolic, inflammatory, and stress-related pathways
provides mechanistic support for its traditional use in Galganda. Importantly, these findings
are computational predictions and should be validated through targeted molecular,
biochemical, and pharmacological studies. Thus, the present network analysis serves as a
supplementary mechanistic framework for understanding the potential thyrogenic activity of

Clitoria ternatea root.
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