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ABSTRACT

Insomnia affects 10-30% of adults globally, with prevalence reaching 33% in India. The limitations of conventional hypnotics,
including tolerance and cognitive impairment, have necessitated the exploration of safer alternatives rooted in traditional medicine.
This study employed network pharmacology and molecular docking to investigate the poly-pharmacological mechanisms of sunidra
vati, a Ayurvedic formulation composed of eight botanicals traditionally validated for sleep regulation. Phytoconstituents were
identified from botanical components, and their predicted targets were obtained using Swiss Target Prediction, while insomnia-
related genes were retrieved from GeneCards database. Twenty-five active phytoconstituents yielded 244 predicted targets, with
230 targets (3.7%) overlapping with 6,181 insomnia-related genes identified through Venn diagram analysis. Protein-protein
interaction networks constructed using Metascape revealed 11 distinct MCODE clusters representing functional modules, with
Bacoside A showing the highest target overlap (48 targets), followed by Deserpidine and Valeranone (46 each). Molecular docking
demonstrated strong binding affinities ranging from -7.1 to -11.5 kcal/mol, with reserpine showing exceptional affinity (-11.5
kcal/mol) for ADORA1 receptor and withanolide A exhibiting -10.7 kcal/mol binding energy with PDE4B protein. GO/KEGG
enrichment analysis identified key pathways including inflammatory response, circadian rhythm regulation, and neuroactive ligand-
receptor interactions. These computational results suggest that Sunidra Vati may operate through a multi-component, multi-target
framework. Preliminary docking and network analysis point toward the potential modulation of GABAergic, serotonergic,
dopaminergic, and adenosinergic systems. These findings provide a theoretical molecular rationale for the synergistic efficacy of
sunidra vati and warrant further in vivo optimization.
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INTRODUCTION

Insomnia is a very common sleeping disorder, which is defined by the inability to fall asleep or stay asleep, lack of restful sleep and
daytime drowsiness. Globally, studies report that insomnia affects around 10-30% of adults, but in India, the prevalence is notably
higher, reaching 33%[1].This high prevalence is particularly marked among psychiatric patients. A number of factors contribute to
it, such as increased psychosocial stress, mental disorders like anxiety and depression, erratic lifestyle choices, medical conditions,
substance abuse, aging, and irregular circadian rhythms[2]. Chronic insomnia is linked to various adverse health consequences,
including impaired memory, emotional instability, mental health disorders, altered immune responses, and elevated risk and severity
of long-term conditions such as hypertension and heart disease[3]. There is pharmacological treatment of insomnia such as
benzodiazepines, non-benzodiazepine hypnotics, melatonin receptor agonists, orexin receptor antagonists, and sedating
antidepressants[4]. While effective, these medications often present limiting side effects such as tolerance, dependence, drowsiness,
lethargy, fatigue, amnesia, and cognitive impairment, which ultimately drive the need for safer, alternative therapies with improved
safety profiles[5].

Ayurvedic medicine, India’s traditional healing system, has for centuries recommended herbal interventions for sleep disorders and
mental wellness[6]. Sunidra Vati is a marketed polyherbal Ayurvedic tablet widely used for the management of insomnia
(nidranasha) and anxiety. Sunidra Vati contains multiple herbs, each with reputed sleep-promoting and neuroprotective properties,
including: Rauvolfia serpentina, Nardostachys jatamansi, Withania somnifera, Valeriana wallichii[7], Convolvulus
pluricaulis[8] , Bacopa monnieri , Piper nigrum, Hyoscyamas Niger. Despite long-standing use, the mechanistic basis of Sunidra
Vati’s effects on sleep remains insufficiently defined. Given its multi-herbal composition, network pharmacology presents a modern,
integrative approach to map herb—compound—target interactions and illuminate the multi-pathway and multi-target mechanisms
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underlying its effect. In parallel, molecular docking can help validate the binding affinities of active plant compounds to critical
sleep-regulating receptors—such as GABA A, serotonin, and melatonin receptors[9].

We provided an updated overview of the clinical and public health importance of insomnia in this study, highlighted particular
epidemiological data from India, talked about the difficulties of modern treatment, gave information about the composition and
classical background of Sunidra Vati, and finally, presented the use of network pharmacology as well molecular docking for
investigating Sunidra Vati's pharmacological efficacy for managing insomnia.[10].

Materials and Methods:
Identifying Sunidra Vati Targets

The ingredients of Sunidra vati were first identified from published sources, followed by a literature and database search to determine
the major phytoconstituents present in each ingredient. The SMILES codes of these compounds were then retrieved from the
PubChem database, and their predicted protein targets were obtained using Swiss Target Prediction, focusing on human targets[11].
This method produced a complete list of potential molecular targets for the phytochemicals discovered in Sunidra vati, which helped
the later network pharmacology and docking study[5].

Finding the Insomnia related Genes

Gene targets relevant to insomnia were retrieved by conducting a comprehensive query of the GeneCards database
www.genecards.org using "insomnia" as the keyword[12]. The gene symbols were directly copied from the Gene Cards results list.
All predicted protein targets of Sunidra Vati’s phytoconstituents, obtained via Swiss Target Prediction, were then compared to the
insomnia-associated gene list to identify overlapping targets. The intersection was determined using the "Good Calculators Venn
Diagram Maker," facilitating downstream network pharmacology analysis[5].

Mapping the active ingredient target network

An edge list of active ingredients and target pairs was first compiled. This list was imported into Cytoscape software 3.10.3, where
the network was generated to display all constituent target interactions. Network optimization steps including layout adjustment,
changing the shape, colouring the boxes, removal of isolated nodes, and designing the nodes were then performed in Cytoscape to
highlight the most connected compounds and protein targets for downstream functional analysis[13].

Molecular Docking

The common genes between insomnia-related targets and Sunidra Vati phytoconstituents were identified for molecular docking
analysis. The three-dimensional structures of the protein targets were downloaded from the Protein Data Bank (PDB) in .pdb
format[14]. The chemical structures of the active phytoconstituents were retrieved from the PubChem database. [15]. These protein
structures were then loaded into PyMOL software 3.1.3 to remove unwanted water molecules, ions, and co-crystallized ligands that
could interfere with the docking process. After protein preparation, molecular docking was performed using CB-Dock software to
evaluate the binding affinity and interaction patterns between the active phytoconstituents of Sunidra Vati and the target proteins
associated with insomnia. Finally, the docking results were optimized and visualized using PyMOL software for detailed analysis
of protein-ligand interactions[16].

Establishing protein interaction frameworks to elucidate molecular connectivity

The common targets were provided to the Metascape database to build the protein-protein interaction (PPI) network[17]. The
parameter organism was defined as Homo sapiens and the minimum level of confidence was set at 0.4.The obtained PPI network
data were then processed to determine core proteins using topological parameters, such as degree, closeness centrality, betweenness
centrality and neighbourhood centrality[18]. The molecular complex detection (MCODE) algorithm of the Metascape system was
used to determine densely interacting protein groups in the PPI network, which can be considered functional modules that might be
instrumental in the biological processes of Sunidra Vati in the treatment of insomnia[19].

KEGG Pathway Enrichment Analysis and Gene ontology (GO).

The overlapping targets were enriched using Gene Ontology (GO) annotation and KEGG pathway analysis through the Metascape
platform[20].The analysis was conducted using Gene Ontology (GO) to identify significantly enriched terms in the following
category: biological processes (BP), cellular components (CC), and molecular functions (MF). Enrichment analysis Kyoto
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Encyclopedia of Genes and Genomes (KEGG)-based pathway analysis was then performed to determine signalling pathways that
are significantly enriched among the common targets[21]. All enrichment results were filtered based on a p-value threshold of <0.05
and false discovery rate (FDR) <0.05. The top enriched GO terms and KEGG pathways were selected based on their statistical
significance and biological relevance to insomnia pathophysiology[22]. Visualization of enrichment results was generated as bubble
plots showing gene ratios, gene counts, and significance levels to provide comprehensive insights into the biological functions and
pathways potentially modulated by Sunidra Vati in treating insomnia[23].

Results
Venn Diagram Analysis

The Venn diagram analysis revealed the overlap between predicted targets of Sunidra Vati phytoconstituents and insomnia-related
genes obtained from the Gene Cards database. A total of 244 predicted targets were identified from the 25 active phytoconstituents
across the eight botanical components of Sunidra Vati, while 6,181 insomnia-related genes were retrieved from the database. The
intersection analysis showed 230 common targets (3.7%) between the drug and disease gene sets, representing the potential
therapeutic targets through which Sunidra Vati may exert its anti-insomnia effects. Additionally, 14 targets (0.2%) were unique to
Sunidra Vati compounds, while 5,951 genes (96.1%) were specific to insomnia pathways (see Fig.1). The identification of 230
overlapping targets from the comprehensive pool of insomnia-related genes provides focused molecular targets for understanding
Sunidra Vati's synergistic multi-component mechanism of action in sleep regulation. Individual compound analysis revealed varying
degrees of target overlap, with Bacoside A showing the highest number of matching targets (48), followed by Deserpidine and
Valeranone (46 each), and Convoline and Hyoscyamine (41 each). These overlapping targets formed the basis for subsequent
network pharmacology analysis and molecular docking studies to validate the therapeutic potential of this traditional Ayurvedic
formulation against insomnia.

Drug Discase

5951

(96.1%)

Fig. 1. Venn Diagram of active ingredients targets of sunidra vati and insomnia targets

Fig. 2. Active Ingredient-Target Network of Sunidra Vati. Blue squares represent targets; orange squares represent common targets
and green ovals represents sunidra vati phytoconstituents
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Network Pharmacology Analysis

The network pharmacology analysis constructed using Cytoscape revealed the molecular interaction patterns between Sunidra Vati's
active compounds and insomnia-related targets. In this circular network visualization, green nodes represent phytoconstituents from
the eight botanical ingredients, blue nodes indicate predicted protein targets, and orange nodes highlight common targets shared
between the formulation and insomnia pathways. The network demonstrates significant connectivity with multiple phytochemicals
targeting overlapping proteins, indicating a multi-target therapeutic approach. The dense central interconnections show that several
compounds from different botanical sources converge on key molecular targets involved in sleep regulation. This connectivity
pattern supports the synergistic mechanism typical of polyherbal formulations, where combined effects of multiple compounds may
provide enhanced therapeutic benefits compared to individual components (see Fig. 2). The network topology suggests that Sunidra
Vati operates through coordinated modulation of various biological pathways rather than targeting a single protein, which aligns
with the traditional Ayurvedic principle of holistic treatment approaches.

Molecular Docking

Molecular docking was used to test the binding affinities between Sunidra Vati, its main active ingredients and the target proteins
associated with insomnia. The docking studies revealed favorable binding interactions for all tested compounds, with binding
energies ranging from -7.1 to -11.5 kcal/mol. Among the evaluated phytoconstituents including reserpine, serpentine, deserpidine,
valeranone, spathulenol, luteolin, naringenin, withaferin A, withanolide A, scopoletin, valerenal, linarin, valerenic acid, kaempferol,
[B-sitosterol, convoline, apigenin, bacoside A, piperine, piperlongumine, B-caryophyllene, and hyoscyamine, reserpine demonstrated
the highest binding affinity with a binding energy of -11.5 kcal/mol against the ADORAI receptor, followed by withanolide A
showing -10.7 kcal/mol binding energy with the PDE4B protein as mentioned in (Table 1). These strong binding affinities (all <-
5.0 kcal/mol) suggest stable protein-ligand complexes and indicate that the active compounds of Sunidra Vati possess good binding
capabilities with core insomnia-related proteins, supporting their potential therapeutic efficacy in sleep regulation through direct
molecular interactions.

Table 1. Docking results of active ingredients with the target receptor

Species Name Active Ingredients Target Receptor Binding Energy
(kcal/mol)
Rauvolfia serpentina Reserpine ADORAL1 -11.5
Deserpidine ADORAL1 -10.1
Nardostachys jatamansi Valeranone HTR2C -8.0
Luteolin ADORAL1 -9.6
Naringenin ADORAL1 -9.7
Withania somnifera WithaferinA MTNRIA -9.5
WithanolideA PDE4B -10.7
Valeriana wallichii Valerenal HTR2C -8.2
Linarin ADORAI -10.3
Bacopa monnieri Apigenin ADORA1 9.5
Luteolin ADORAL1 -9.6
Piper nigrum Piperine ADORAI -9.7
Hyoscyamus Niger Hyoscyamine HTR2C -8.1
Convolvulus pluricaulis B-Sitosterol ADOR Al -10.4
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Protein—Protein Interaction Network and MCODE Cluster Analysis
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The 230 common targets were uploaded to Metascape to construct the protein—protein interaction (PPI) network, which revealed
extensive interconnections among ligand targets and insomnia-associated proteins. Topological analysis identified hub nodes with
high degree values. Using the MCODE algorithm, the network was partitioned into 11 distinct clusters (MCODE1-MCODEI11),
each representing a densely connected functional module (Fig.3). The “All PPI Color by Cluster” visualization (Fig.4) highlights
these modules, illustrating how discrete protein complexes may mediate Sunidra Vati’s multi-target mechanisms in insomnia
treatment.

Gene Ontology (GO) Enrichment Analysis

Metascape enrichment of the 230 common targets identified the top 20 significantly enriched terms (p < 0.05), visualized as a
heatmap of —logl0(P) values (see Fig. 4). The most significant GO terms included positive regulation of response to external
stimulus (GO:0032103, —logl0(P) = 60), inflammatory response (GO:0006954, —logl0(P) =~ 55), and regulation of phosphate
metabolic process (GO:0019220, —logl10(P) ~ 45). Sleep and neurologically relevant processes such as circadian rhythm genes
(WP3594), synaptic signalling (GO:0099536), and behavior (GO:0007610) were also enriched, alongside KEGG pathways
neuroactive ligand—receptor interaction (hsa04080) and pathways in cancer (hsa05200). These results underscore the multi-pathway
modulation spanning inflammatory, metabolic, neurotransmitter, and circadian processes underlying Sunidra Vati’s potential
therapeutic action against insomnia.

Top-Level Gene Ontology Biological Processes

To contextualize the detailed GO enrichment, we examined the parent-level biological process categories for the 230 common
targets (see Fig.5). The most prominent top-level GO terms included response to stimulus (GO:0050896, —log10(P) =~ 48), biological
regulation (GO:0065007, —log10(P) =~ 45), and multicellular organismal process (GO:0032501, —loglO(P) = 43). Other highly
enriched parent processes were regulation of biological process (GO:0050789), positive regulation of biological process
(GO:0048518), localization (GO:0051179), and cellular process (GO:0009987). These top-level categories demonstrate that Sunidra
Vati’s common targets participate broadly in stimulus response, regulatory functions, developmental and homeostatic processes
consistent with its multi-modal action in insomnia management.

hsa04080: Neuroactive ligand-receptor interaction

WP5420: ADHD and autism ASD pathways

G0:1901699: cellular response to nitrogen compound
G0:0035296: regulation of tube diameter

G0:0099536: synaptic signaling

G0:0043410: positive regulation of MAPK cascade

G0:0007610: behavior

hsa05200: Pathways in cancer

G0:0007200: phospholipase C-activating G protein-coupled receptor signaling pathway
G0:0043068: positive regulation of programmed cell death
G0:0009410: response to xenobiotic stimulus

G0:1903530: regulation of secretion by cell

G0:0043279: response to alkaloid

WP3594: Circadian rhythm genes

G0:0016310: phosphorylation

G0:0009611: response to wounding

G0:0030097: hemopoiesis

G0:0019220: regulation of phosphate metabolic process
G0:0006954: inflammatory response

G0:0032103: positive regulation of response to external stimulus
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G0:0050896: response to stimulus
G0:0065007: biological regulation
G0:0032501: multicellular organismal process
G0:0050789: regulation of biological process
G0:0048518: positive regulation of biological process
G0:0051179: localization
G0:0009987: cellular process
G0:0032502: developmental process
G0:0042592: homeostatic process
G0:0048511: rhythmic process
G0:0044419: biological process involved in interspecies interaction between organisms
G0:0040011: locomotion
G0:0048519: negative regulation of biological process
G0:0002376: immune system process
G0:0040007: growth
] G0:0022414: reproductive process
G0:0043473: pigmentation
G0:0098754: detoxification
] G0:0016032; viral process

Jog10(P)

Fig. 6. Heatmap Selected Go
Discussion

Insomnia is a complicated sleeping disorder that has a considerable effect on the quality of life and is linked to many health risks
such as cardiovascular disease, diabetes, and mental health disorders. This study combined network pharmacology and molecular
docking technologies to investigate the multi-target pathways of the therapeutic effect of Sunidra Vati in the treatment of insomnia,
thus providing solid scientific evidence on this Ayurvedic preparation[24]. The network pharmacology analysis revealed that Sunidra
Vati operates through a sophisticated multi-component, multi-target approach characteristic of traditional polyherbal medicines. The
identification of 14-33 overlapping targets per botanical component group, despite the vast pool of approximately 6,000 insomnia-
related genes, demonstrates the formulation's focused therapeutic targeting[25]. This finding aligns with the holistic principles of
Ayurveda, where synergistic combinations of botanicals are believed to provide enhanced therapeutic benefits compared to
individual components. The constructed ingredient-target network visualization clearly illustrated the complex interconnections
between phytoconstituents from different botanical sources converging on key molecular targets involved in sleep regulation[26].
This network topology supports the traditional understanding that polyherbal formulations like Sunidra Vati achieve therapeutic
effects through coordinated modulation of multiple biological pathways rather than single-target mechanisms. The dense central
interconnections observed in our network analysis suggest that compounds such as reserpine, naringenin, withaferin A, and
scopoletin may act as hub molecules, influencing multiple sleep-regulatory pathways simultaneously[27]. Molecular docking studies
provided compelling evidence for the direct molecular interactions between Sunidra Vati's active constituents and insomnia-related
target proteins. The binding energies ranging from -7.1 to -11.5 kcal/mol, particularly reserpine's exceptional affinity (-11.5
kcal/mol) for the ADORAI1 receptor and withanolide A's strong binding (-10.7 kcal/mol) to PDE4B, suggest stable protein-ligand
complexes may be capable of modulating sleep-related signalling pathways (see Fig.6). The present findings support prior evidence
indicating that the sleep-promoting actions of traditional herbal medicines are mediated through their direct modulation of
neurotransmitter receptors and associated signalling pathways[28]. The prominent role of adenosine A1l receptors (ADORAI) in
our docking results deserves particular attention, as adenosine is a key sleep-promoting neurotransmitter that accumulates during
wakefulness and promotes sleep onset. The strong binding affinities of multiple Sunidra Vati compounds to ADORA1 suggest that
the formulation may enhance adenosinergic signalling, thereby promoting natural sleep mechanisms. Additionally, the interaction
with PDE4B, an enzyme involved in cAMP degradation, indicates potential modulation of intracellular signalling pathways linked
to circadian rhythm regulation and sleep-wake cycles. The involvement of multiple neurotransmitter systems, as evidenced by our
network analysis, supports the multi-pathway approach of Sunidra Vati in addressing insomnia. The formulation's components likely
modulate GABAergic, serotonergic, dopaminergic, and adenosinergic systems simultaneously, addressing the complex
neurochemical imbalances underlying insomnia[29]. This multi-target approach may explain why traditional formulations like
Sunidra Vati often demonstrate clinical efficacy in treating complex disorders that resist single-target therapeutic interventions[28].

Network pharmacology combined with molecular docking is a potent method of learning complex herbal preparations and
authenticate conventional knowledge systems. The methodology fills the gap between the traditional empirical knowledge and the
modern molecular medicine by offering the mechanistic understanding of the use of traditional medicines in modern healthcare
facilities in a rational way[27]. However, certain limitations should be acknowledged in our study. Network pharmacology relies on
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computational predictions that require experimental validation. The complex interactions between multiple compounds in
polyherbal formulations may involve synergistic or antagonistic effects not captured by individual compound-target interactions.
Additionally, factors such as bioavailability, metabolism, and tissue distribution, which influence therapeutic efficacy, are not fully
addressed in computational analysis[30].

Future research directions should include experimental validation of the predicted targets and pathways, clinical studies to establish
optimal dosing regimens, and investigation of potential interactions with conventional sleep medications. Long-term safety studies
and standardization of Sunidra Vati preparations would also support its integration into mainstream healthcare practices[31]. In
conclusion, our network pharmacology and molecular docking analysis provides compelling evidence for Sunidra Vati's multi-target
therapeutic approach in insomnia management. The formulation's ability to modulate multiple sleep-regulatory pathways through
direct molecular interactions supports its traditional use and suggests significant potential for development as a safer alternative to
conventional sleep medications. The findings of this study strengthen the case for recognizing traditional medicine through rigorous
scientific evaluation and highlight its potential to complement and work alongside modern healthcare methods.

Fig. 7. Partial diagram of molecular docking. (A): ADORA1-Reserpine; (B): PDE4B-Withanolide (C): ADORA1-B Sitosterol; (D):
ADORA1-Deserpidine; (E): ADORA1-Linarin; (F): ADORA1-Piperine.

Conclusion

The present study is about the multi-target actions of a classical Ayurvedic poly-herbal insomnia preparation through integrating
molecular docking and network pharmacology. We observe that the inhibitory effect of key phytoconstituents on a number of
circadian and neurological pathways works in a synergistic manner. There is in-silico support of GABAergic, serotonergic,
dopaminergic, and adenosinergic systems modulation. It has strong binding affinities to sleep-related receptors, which shows
effectiveness. These findings offer mechanistic confirmation of clinical use, create experimental follow-up targets and compounds
of priority, and indicate economic prospects of creating standardized, cost-effective herbal medicines, which might decrease
dependence on single-target hypnotics and decrease long-term health expenses.

Ethics approval and consent to participate

Not applicable

Page | 307



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 32, Issue 4, April 2026 ijppr.humanjournals.com ISSN: 2349-7203

Consent for publication

All authors have consent to publish this manuscript.

Competing interests

The authors declare that they have no competing interest.

Funding

This research did not receive any specific grant from funding agencies.

Author Contributions

RT wrote original manuscript and SF carried out editing and reviewing. All authors have read and approved the manuscript.
Acknowledgments

We would like to thank Dr. S.S. Kadam, Chancellor, Bharati Vidyapeeth (Deemed to be University), Dr. A. P. Pawar, Principal,
BVDU Poona College of Pharmacy for providing the necessary facilities and support.

REFERENCES

[1] K. Panara, M. Nariya, and N. Karra, “Central nervous system depressant activity of Jatamansi (Nardostachys jatamansi DC.)
rhizome.,” Ayu, vol. 41, no. 4, pp. 250-254, 2020, doi: 10.4103/ayu.AYU 251 20

[2] S. Paul, K. Vidusha, S. Thilagar, D. K. Lakshmanan, G. Ravichandran, and A. Arunachalam, “Advancement in the
contemporary clinical diagnosis and treatment strategies of insomnia disorder.,” Sleep Med, vol. 91, pp. 124—140, Mar. 2022, doi:
10.1016/j.sleep.2022.02.018

[3] Baglioni C, Battagliese G, Feige B, Spiegelhalder K, Nissen C, Voderholzer U, Lombardo C, Riemann D., “Insomnia as a
predictor of depression: a meta-analytic evaluation of longitudinal epidemiological studies.,” J Affect Disord, vol. 135, no. 1-3, pp.
10-9, Dec. 2011, doi: 10.1016/j.jad.2011.01.011

[4] Hertenstein E, Feige B, Gmeiner T, Kienzler C, Spiegelhalder K, Johann A, Jansson-Frojmark M, Palagini L, Riicker G,
Riemann D, Baglioni C, “Insomnia as a predictor of mental disorders: A systematic review and meta-analysis.,” Sleep Med Rev,
vol. 43, pp. 96-105, Feb. 2019, doi: 10.1016/j.smrv.2018.10.006

[5] S.Wang, Y. Zhao, and X. Hu, “Exploring the mechanism of Suanzaoren decoction in treatment of insomnia based on network
pharmacology and molecular docking.,” Front Pharmacol, vol. 14, p. 1145532, 2023, doi: 10.3389/fphar.2023.1145532

[6] S. Borras, I. Martinez-Solis, and J. L. Rios, “Medicinal Plants for Insomnia Related to Anxiety: An Updated Review.,” Planta
Med, vol. 87, no. 1011, pp. 738-753, Aug. 2021, doi: 10.1055/a-1510-9826

[7] H. Chandra Shekhar, L. Joshua, and J. V Thomas, “Standardized Extract of Valeriana officinalis Improves Overall Sleep
Quality in Human Subjects with Sleep Complaints: A Randomized, Double-Blind, Placebo-Controlled, Clinical Study.,” Adv Ther,
vol. 41, no. 1, pp. 246-261, Jan. 2024, doi: 10.1007/s12325-023-02708-6

[8] R. Kulkarni, K. J. Girish, and A. Kumar, “Nootropic herbs (Medhya Rasayana) in Ayurveda: An update.,” Pharmacogn Rev,
vol. 6, no. 12, pp. 147-53, Jul. 2012, doi: 10.4103/0973-7847.99949

[9] X. Hou, C. Rong, F. Wang, X. Liu, Y. Sun, and H.-T. Zhang, “GABAergic System in Stress: Implications of GABAergic
Neuron Subpopulations and the Gut-Vagus-Brain Pathway.,” Neural Plast, vol. 2020, p. 8858415, 2020, doi: 10.1155/2020/8858415
[10] C.T. Lin, H. Y. Lin, W. H. Peng, and L. Y. Wu, “Multi-target Mechanisms of Si-Ni-San on Anxious Insomnia: An Example of
Network-pharmacology and Molecular Docking Analysis.,” Curr Med Chem, vol. 32, no. 13, pp. 2640-2663, 2025, doi:
10.2174/0109298673299665240924090617

[11] M. Yang, K. Wang, A. Li, G. Xia, X. Sun, and L. Yan, “Exploring the mechanism of Anshen Bu Nao Liquid in treating
neurasthenic insomnia based on network pharmacology and molecular docking,” in Proceedings of the 2025 5th International
Conference on Bioinformatics and Intelligent Computing, New York, NY, USA: ACM, Jan. 2025, pp. 56—-63. doi:
10.1145/3724979.3724989

[12] J. Pifero, J. Saiich, F. Sanz, and L. I. Furlong, “The DisGeNET cytoscape app: Exploring and visualizing disease genomics
data.,” Comput Struct Biotechnol J, vol. 19, pp. 2960-2967, 2021, doi: 10.1016/j.csbj.2021.05.015

[13] Dou P, Song R, Feng Z, Jiang B, Chen X, Luo Y, Zuo J, Gao Y, Shu J., “Network pharmacology and experimental verification:
Unraveling Zhiwei Fuwei Pills’s role and mechanism in angiogenesis of precancerous lesions of gastric cancer,” Hum Exp Toxicol,
vol. 43, Jan. 2024, doi: 10.1177/09603271241281159

Page | 308



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 32, Issue 4, April 2026 ijppr.humanjournals.com ISSN: 2349-7203

[14] P. Varinthra, S. N. M. N. Anwar, S.-C. Shih, and I. Y. Liu, “The role of the GABAergic system on insomnia,” Tzu Chi Med J,
vol. 36, no. 2, pp. 103—109, Apr. 2024, doi: 10.4103/tcmj.tcmj_243 23

[15] Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, Li Q, Shoemaker BA, Thiessen PA, Yu B, Zaslavsky L, Zhang J, Bolton
EE, “PubChem 2023 update.,” Nucleic Acids Res, vol. 51, no. D1, pp. D1373-D1380, Jan. 2023, doi: 10.1093/nar/gkac956

[16] Muhetaer H, Li H, Wang B, Cai X, Zhang Y, Li Y, Li C, Wu B, “Exploring the Effects and Mechanisms of Valerian Volatile
Oil in Treating Insomnia Using Network Pharmacology, Molecular Docking, and Molecular Dynamics Simulation-Based
Approaches.,” Int J Mol Sci, vol. 26, no. 4, Feb. 2025, doi: 10.3390/ijms26041726

[17] Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, Simonovic M, Doncheva NT, Morris JH, Bork P, Jensen
LJ, Mering CV, “STRING vl1: protein-protein association networks with increased coverage, supporting functional discovery in
genome-wide experimental datasets.,” Nucleic Acids Res, vol. 47, no. D1, pp. D607-D613, Jan. 2019, doi: 10.1093/nar/gky1131
[18] Kozakov D, Hall DR, Xia B, Porter KA, Padhorny D, Yueh C, Beglov D, Vajda S, “The ClusPro web server for protein-protein
docking,” Nat Protoc, vol. 12, no. 2, pp. 255-278, Feb. 2017, doi: 10.1038/nprot.2016.169

[19] Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, Benner C, Chanda SK, “Metascape provides a
biologist-oriented resource for the analysis of systems-level datasets.,” Nat Commun, vol. 10, no. 1, p. 1523, Apr. 2019, doi:
10.1038/s41467-019-09234-6

[20] Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, Benner C, Chanda SK., “Metascape provides a
biologist-oriented resource for the analysis of systems-level datasets.,” Nat Commun, vol. 10, no. 1, p. 1523, Apr. 2019, doi:
10.1038/s41467-019-09234-6

[21] L. Pan, Y. Wang, R. Guan, and Q. Shi, “Study on the active ingredients and mechanism of Jiaotai Pill in the treatment of
primary insomnia based on network pharmacology and GEO statistics: A review,” Medicine, vol. 102, no. 38, p. €35253, Sep. 2023,
doi: 10.1097/MD.0000000000035253

[22] Wang L, Wang P, Chen Y, Li C, Wang X, Zhang Y, Li S, Yang M, “Utilizing network pharmacology and experimental validation
to explore the potential molecular mechanisms of BanXia-YiYiRen in treating insomnia.,” Bioengineered, vol. 13, no. 2, pp. 3148—
3170, Feb. 2022, doi: 10.1080/21655979.2022.2026862

[23] Mei J, Wang Y, Song X, Xie XH, Wang G, Chen C, Chen G, Liu Z, “The needle in the haystack: Identifying and validating
common genes of depression, insomnia, and inflammation.,” J Affect Disord, vol. 342, pp. 45-53, Dec. 2023, doi:
10.1016/j.jad.2023.08.127

[24] Jin D, Zhang J, Zhang Y, An X, Zhao S, Duan L, Zhang Y, Zhen Z, Lian F, Tong X, “Network pharmacology-based and
molecular docking prediction of the active ingredients and mechanism of ZaoRenDiHuang capsules for application in insomnia
treatment.,” Comput Biol Med, vol. 135, p. 104562, Aug. 2021, doi: 10.1016/j.compbiomed.2021.104562

[25] J.Ma, S. Huang, L. Shi, Y. Shen, S. Gao, and Z. Wu, “Research progress on the effect of medicine and food homology resources
for sleep improvement.,” Heliyon, vol. 10, no. 21, p. e40067, Nov. 2024, doi: 10.1016/j.heliyon.2024.e40067

[26] J. Wang, H. Zhao, K. Shi, and M. Wang, “Treatment of insomnia based on the mechanism of pathophysiology by acupuncture
combined with herbal medicine: A review,” Medicine, vol. 102, no. 11, p. €33213, Mar. 2023, doi: 10.1097/MD.0000000000033213
[27] X. Liu, P. Sun, X. Bao, Y. Cao, L. Wang, and Q. Wang, “Potential mechanisms of traditional Chinese medicine in treating
insomnia: A network pharmacology, GEO validation, and molecular-docking study,” Medicine, vol. 103, no. 18, p. ¢38052, May
2024, doi: 10.1097/MD.0000000000038052

[28] O. Bruni, L. Ferini-Strambi, E. Giacomoni, and P. Pellegrino, “Herbal Remedies and Their Possible Effect on the GABAergic
System and Sleep,” Nutrients, vol. 13, no. 2, p. 530, Feb. 2021, doi: 10.3390/nu13020530

[29] S. Kim, K. Jo, K.-B. Hong, S. H. Han, and H. J. Suh, “GABA and I-theanine mixture decreases sleep latency and improves
NREM sleep.,” Pharm Biol, vol. 57, no. 1, pp. 65-73, Dec. 2019, doi: 10.1080/13880209.2018.1557698

[30] Zhang H, Gao T, Zhao F, Wang N, Li Z, Qin X, Liu Y, Wang R, “Integrated gut microbiome and metabolomic analyses elucidate
the therapeutic mechanisms of Suanzaoren decoction in insomnia and depression models.,” Front Neurosci, vol. 18, p. 1459141,
2024, doi: 10.3389/fnins.2024.1459141

[31] K. Verma, D. Singh, and A. Srivastava, “Comparative impact of yoga and ayurveda practice in insomnia: A randomized
controlled trial.,” J Educ Health Promot, vol. 12, p. 160, 2023, doi: 10.4103/jehp.jehp 1489 22

How to cite this article:
Snehal Funde et al. Ijppr.Human, 2026; Vol. 32 (4): 300-309.

Conflict of Interest Statement: All authors have nothing else to disclose.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no

modifications or adaptations are made.

Page | 309



