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ABSTRACT

Background: The state of excessive bodily fat buildup is known as obesity (Sthoulya). Anti-
obesity drugs in the market might cause adverse effects, for safer and more effective anti-obesity
medications from plant-based sources becomes a top focus. In Ayurveda, Chitraka moola
(Plumbago zeylanica L.) is a commonly used herb, because of its therapeutic effect. Network
pharmacology is an area of drug discovery and development research by creating an opportunity
for the methodical study of conventional treatments. This study highlights key phytochemicals,
targets and signalling pathways of Chitraka for the treatment of obesity. Materials and
Methods: This study assessed through biological databases, GeneCard, HPA databases, PPI
Network Construction, KEGG pathway enrichment analysis, target-Compound-Pathway’Network
Construction and Molecular Docking Analysis. Results: Using the BindingDB and Uniprot
databases, pinpointed 155 target genes with respect to these 28 active phytochemicals, Curated
gene-disease data were extracted from the GeneCard and HPA databases based on the term
obesity it was found that 26 out of the 28 drugs target exactly 137 disease targets linked to
obesity, Using the String database, a PPl network was built. KEGG functional enrichment analysis
to investigate the signalling pathways was carried out using SHINYGO database, Cytoscape was
used to build the interaction relationship between 15 significantly enriched KEGG pathways, 137
intersecting targets and 26 core active ingredients, Molecular Docking visualises the binding
pose with the highest docking score. Conclusion: This study emphasizes crucial mechanism,
target and bioactive of Chitraka against obesity, indicating a strong pharmacological foundation
for additional clinical research.
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INTRODUCTION

Obesity is a medical illness marked by the dysfunction of the
body's weight regulation mechanisms, resulting in an excessive
buildup of fat tissue and presenting considerable health hazards.!"
All ages can be affected by obesity; in 2016, about 13% of people
worldwide were overweight.”! As a major and growing public
health concern, obesity poses an increasing risk of developing
into a chronic illness in the future. The anti-obesity drugs that are
now in the market include orlistat, rimonabant and sibutramine;
these drugs might cause adverse effects, including dyspepsia,
flatulence, diarrhoea, and fecal incontinence.”! Weight-loss
surgery is performed on individuals who are extremely obese
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when pharmacological approaches fail to manage their weight.
Postoperative fatalities, wound infection, ulceration, intestinal
blockage, vitamin deficiencies, and other problems are possible
outcomes of weight loss surgery.! As a result, creating new, safer,
and more effective anti-obesity medications from plant-based
sources becomes a top focus.

In Ayurveda, Chitraka moola (Plumbago zeylanica L.) is a
commonly used herb, particularly because of its lekhaniya
karma, ushna tikshna guna, and katu rasa.”! Additionally, it is a
key component of Trimad, a polyherbal Ayurvedic preparation
that is advised for the treatment of obesity.l”) According to
research updates, Chitraka has a broad range of pharmacological
properties, such as anti-inflammatory, antioxidant, anti-obesity,
and antihyperlipidemic effects.”! Research on Chitraka has so far
concentrated on a wide variety of metabolic problems without
pinpointing the precise mechanism of action for any one of
those conditions. Thus, research on Chitraka’s active ingredients
and mechanisms of action against obesity ought to establish
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its pharmacological relevance in reducing obesity. Network
pharmacology is an approach for incorporating bioinformatics
with pharmacology. Data integration and computer analysis can
comprehensively elucidate the association between medications
and diseases and examine the mechanism of pharmacological
action.”! Using computational pharmacology and molecular
docking techniques, this study aims to assess and estimate the key
phytochemicals, targets and signalling pathways of Chitraka for
the treatment of obesity. It also provides a scientific foundation
for future drug development and clinical use.

MATERIALS AND METHODS

Collection of Chitraka phytochemicals and
associated disease targets from biological databases

Using the terms "Plumbago zeylanica" and part use root, two
databases - Dr Duke's Phytochemical and Ethnobotanical
Databases” and IMPPAT 2.0 (Indian Medicinal Plants,
Phytochemistry, and Therapeutics 2.0)!""" were searched for
phytochemicals in Chitraka. The two main criteria for screening
the phytochemicals that were obtained were oral bioavailability
and drug likeness. Initially, information on the canonical smiles
of each phytochemical using the PubChem database!'!! was
availed. Next, the prediction of several ADME variables using
the SwissADME databasel'" was performed. BindingDB,!"*! a
similarity-based online service, was used to determine the target
of Chitraka phytochemicals with a similarity score of >0.85.
After obtaining the disease targets linked to each phytochemical
pertaining to Chitraka root, the UniProtKB database!™! was
utilised to standardise the target names.

Collection of Obesity-Related Target Genes from
GeneCard and the Human

Protein Atlas (HPA) databases

The Human Protein Atlas"® and GeneCards!'® database portals
were used to gather information regarding therapeutic targets
linked to obesity. To find targets, the word "obesity" was employed.
The Venny 2.1.0 tool” was chosen for filtering the overlapping
disease targets from Chitraka and Obesity.

Protein-Protein Interaction (PPI) Network
Construction

Using STRING version 11.0,!"¥ a PPI network was constructed in
order to comprehend an association comprising interconnecting
target genes for key phytochemicals in Chitraka. In order to
validate reliability, the species we chose was "Homo sapiens," and
medium confidence was set up at 0.50 FDR.

KEGG pathway enrichment analysis

Following the selection of Homo sapiens as the species, the
potential targets of Chitraka's action on obesity were entered into
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the ShinyGO database,™ and KEGG analysis was carried out.
After that, the results were filtered based on FDR. A list of the top
fifteen pathways was selected and outlined.

‘Target-Compound-Pathway’ Network Construction

Following the export and processing of data related to active
phytochemicals, enriched pathways, and intersected targets,
the Target-Compound-Pathway network of Chitraka was
constructed using Cytoscape 3.7.2.2%) The network analyser was
used to perform the topological assessment. To ascertain the
function and connection between the active phytochemicals and
the overlapped targets of obesity, the network was analysed in
terms of degree strength.

Molecular Docking Analysis

The RSCB PDB™! and Pubchem databases were used to obtain
the crystal structures of the top five compounds and the three
most prominent target proteins, respectively. To fix the protein
structures, polar linkages were inserted and water molecules were
removed using the Biovia DS program. PyRx software® was used
to automatically identify binding sites, and the docking approach
was used to predict the binding relationship of top target proteins
and ligands. The program Biovia Discovery Studio has been used
to illustrate the interaction with the best docking scores in both
two and three dimensions.

RESULTS

Collection of Chitraka phytochemicals and
associated disease targets from biological databases

158 phytochemicals were compiled in Chitraka as a result of a
phytochemical search throughout the databases (IMMPAT and
Dr Duke's Phytochemical and Ethnobotanical Databases). After
screening the phytochemicals for toxicity and ADME using
the SwissADME and PubChem databases, 28 phytochemicals
were chosen based on their oral absorption, bioavailability and
Lipinski violation. Using the BindingDB and Uniprot databases,
we gathered and pinpointed 155 target genes in total with respect
to these 28 active phytochemicals.

Collection of Obesity-Related Target Genes from
Gene Card and The Human Protein Atlas (HPA)
databases

Curated gene-disease data were extracted from the GeneCard
and HPA databases based on the term "obesity." After thorough
screening and removal of duplicate genes, 11468 genes associated
with obesity were found. To further obtain the overlapping gene,
the genes of obesity and the phytochemical-related genes in
Chitraka (155) were intersected with the aid of the Venny 2.1.0
tool. The final result was 137 intersection genes. It was found that
26 out of the 28 drugs target exactly 137 disease targets linked to
obesity.
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Protein-Protein Interaction (PPI) Network
Construction

Using the String database, a PPI network was built. After
importing 137 common targets related to Chitraka and obesity
into the String platform. The PPI network shown in Figure 1 was
developed with a medium level of confidence set at 0.50.

KEGG pathway enrichment analysis.

KEGG functional enrichment analysis to investigate the
signalling pathways was carried out using SHINYGO database.
The involved possible KEGG pathways are displayed in Figure 2.

‘Target- Compound-Pathway’ Network Construction

Cytoscape 3.7.2 software was used to build the interaction
relationship between 15 significantly enriched KEGG pathways,
137 intersecting targets, and 26 core active ingredients which is
shown in Figure 3.

Molecular Docking analysis

Molecular docking was used to investigate putative binding
mechanisms and the validity of the networks between the
three hub targets and the six bioactive phytochemicals. Six
key phytochemicals - Altechromone A, beta-Sitosterol, beta-
Asarone, Vanillic Acid, Isozeylanone, and Lupeol - according
to binding energies > 5, most likely showed a strong interaction
with the three major targets that were identified which is enlisted

WPOH2

in Table 1. Figure 4 visualises the binding pose with the highest
docking score.

DISCUSSION

Plumbago  zeylanica, also known as Chitraka, is a
pharmacologically significant plant that has Ushna, Tikshna,
Katu, and Srotoshodhaka properties that disrupt pathogenesis
and help manage Santarpanottha Vikara like Sthoulya by clearing

Ama, Kapha, and Meda.!??!

Patients on a low-calorie diet regimen were given capsules
containing 500 mg of Plumbago zeylanica L. and 1 g of haridra
powder four times a day, respectively, as part of an earlier
clinical investigation. When compared to haridra, the patient's
weight may have decreased with the indicated intervention
of Plumbago zeylanica L. and haridra powder.””! Even though
Chitraka is frequently used in clinical settings, little is known
about how it functions molecularly to treat obesity. Therefore,
network pharmacology and molecular docking experiments
were conducted to gain a better understanding of the molecular
processes of Chitraka in obesity. The network analysis indicates
thatisozeylanone, luteol, vanillicacid, beta-sitosterol, beta-asarone
and altechromone a are among the active phytochemicals in
Chitraka that may help reduce obesity.

Docking simulation, which showed binding energies below -5.0
kcal/mol, further supported this finding. Previous studies have
shown the significance of these bioactives for the treatment of
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Figure 1: PPl network obtained from STRING database.
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Figure 3:'Target- Compound-Pathway’ Network of Chitraka against obesity.

obesity. According to a prior study, ERK phosphorylation is
inhibited by lupeol, interfering with inflammatory signaling
and hypertrophy of adipocytes. When ERK activity is reduced,
lipid droplet size and inflammatory cytokine production
are reduced. Lupeol reduces adipocyte hypertrophy and
associated inflammation, providing a promising approach to
the prevention and treatment of obesity.?* B-sitosterol may have
antiobesogenic effects by encouraging fatty acid B-oxidation and
lipolysis in adipose tissues, which are mediated by peroxisome
Proliferator-Activated Receptor a (PPAR-a). -sitosterol
may help reduce inflammation associated with obesity and
insulin resistance by blocking inflammatory pathways.?”! The
phosphorylation of ERK1/2, which has been found to regulate
the early stages of adipogenesis, was decreased by P-asarone
treatment.

These results suggest that B-asarone possesses anti-adipogenic
qualities, in part via suppressing the expression of adipogenic
transcription factors.” Therefore, these phytochemicals might
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be the main substances that Chitraka uses to prevent obesity.
Research indicates that an increase in body fat mass is linked
to alterations in adipose tissue BCL2 expression, including a
decrease in BCL2 levels. This implies that BCL2 might have a role
in the processes of cell death that take place alongside obesity and
the emergence of insulin resistance.” The CYP19A1 gene, which
produces the aromatase enzyme, is essential for the manufacture
of oestrogen and can affect the distribution and control of body
fat, which may affect the risk of obesity, particularly in women.®"!
According to a different study, there is a substantial relationship
between CYP19A1 gene polymorphisms and plasma barium and
both are linked to central obesity."*"

TST, a crucial enzyme with a possible function in metabolic
regulation, especially in adipocytes, has been connected with
elevated adiposity and insulin resistance in the context of obesity
along with metabolic health.”? Research indicates that TST
regulates the mitochondrial function of adipocytes and that its
expression is negatively connected with fat mass and positively with
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Figure 4: Binding interaction's visual depiction with the most significant docking scores (A: TST-Isozeylanone, B: CYP19A1-Isozeylanone, C:
BCL2-Isozeylanone).

Table 1: Key Chitraka bioactive compounds' docking score against important obesity targets.

Bioactives Binding Affinity

TST CYP19A1 BCL2

(8agf) (3s79) (2vm6)
Isozeylanone -8 -10.3 -7.9
Lupeol -7.5 -7.8 -8
Vanillic Acid -5.5 -6 -5.7
Beta-Sitosterol -7.6 -8.1 -7.5
Beta-Asarone -54 -5.9 -5.5
Altechromone A -6.4 -6.4 -6.1
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adipose insulin sensitivity.** In obesity, Arachidonic Acid (AA), a
polyunsaturated fatty acid, is metabolized by the Cyclooxygenase
(COX), Lipoxygenase (LOX) and Cytochrome P450 (CYP)
pathways. This results in the production of eicosanoids that affect
inflammation and other processes, potentially making obesity
related disorders worse.*" Nitrogen metabolism, which deals
with how the body processes nitrogen-containing substances like
amino acids, is disturbed in obesity.

This can result in problems like elevated ammonia production
and decreased urea cycle activity, which can aggravate metabolic
problems and fatty liver disease.*”! Given the role that nitrogen
metabolism plays in obesity and associated disorders such as
fatty liver disease, restoring nitrogen balance and focusing on
the gut-liver axis may be effective treatment strategies.”® The
findings of this investigation offer a solid theoretical foundation
for the investigation of anti- by identifying particular signaling
pathways and associated target proteins. Additionally, using
molecular docking, the mechanism of action of Chitraka's
main phytochemicals against obesity was further investigated.
However, there are many drowbacks with this study. First, the
quality of the currently available databases limited the reliability
of our similarity-based approach to investigating probable targets
of bioactive compounds and target prediction methods only cover
a few hundred to thousands of targets, which could introduce
biases into the enrichment analysis. Furthermore, pre-clinical
and clinical trials are the sole ways to determine safety and
efficacy evaluations, which are still required.

CONCLUSION

Through ‘Targets-compounds-Pathway’ network, the study found
that the Chitraka phytochemicals contributed to synergistic
impacts (multi-pathway, multi-target) to reduce obesity. Key
molecules of Chitraka acting on obesity were confirmed by a
molecular docking test that demonstrated strong binding affinity
of numerous important compounds, such as isozeyalanone, luteol
and f-sitosterol, on important targets TST, CYP19A1 and BCL2.
Overall, we clarified a crucial mechanism, target, and bioactive
of Chitraka against obesity, indicating a strong pharmacological
foundation for additional clinical research.
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SUMMARY

In Ayurveda, Chitraka moola (Plumbago zeylanica L.) is a
commonly used herb in Obesity (Sthoulya) particularly because
of its lekhaniya karma, ushna tikshna guna and katu rasa.
Additionally, it is a key component of Trimad, a polyherbal
Ayurvedic preparation that is advised for the treatment of obesity.
Research on Chitraka's active ingredients and mechanisms of
action against obesity ought to establish its pharmacological
relevance in reducing obesity. Network pharmacology is an
approach for incorporating bioinformatics with pharmacology.
Through “Targets-compounds-Pathway’ network, the study found
that the Chitraka phytochemicals contributed to synergistic
impacts (multi-pathway, multi-target) to reduce obesity. Overall,
we clarified a crucial mechanism, target, and bioactive of Chitraka
against obesity, indicating a strong pharmacological foundation
for additional clinical research.
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