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1. INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune
disease with a prevalence of around 0.5- 1% globally is
characterized by inflammation, gradual destruction of
joint, degradation of cartilage causing disability and
affecting the quality of life. The cytokines, immune cells
and signalling pathways plays an important role in the
pathogenesis of RA. The key molecular targets involved
in the disease are IL-6, TNF, NF-kB, IL-1B, JAK/STAT
(STAT3, JAK1, JAK3), MAPKs (MAPK14, MAPK14), PI3K-
Akt signalling proteins.

[1] The currently available

treatment methodologies include corticosteroids,
NSAIDs and antirheumatic drugs such as methotrexate
have been effective in managing and reducing the
progression of the disease. However, these
interventions are associated with severe complications
like bleeding of the gastrointestinal tract, cardiovascular
diseases and hepatotoxicity. Therefore, a safer and
effective alternative natural drug without complication
is the need of the hour.

In Ayurveda, Datura metel L. is used in diseases like
Shotha (inflammation), Kandu (itching), Bahya Krimi
(external worms), Udara Krimi (intestinal worms), and
Jwara (fever). As a drug mentioned in E1 drug of D&C
Act 1940, Ayurveda follows proper purification and
dosage of Datura during its administration to avoid
toxicity in clinical practice. Datura is a potent drug by its
Vyavayi (fast spreading) and Vikasi (dispersing)
qualities. The drug possesses therapeutic activity as well
as some adverse effect due to the presence of potent
alkaloids. [2] The drug is useful in muscle spasm, Pain

and inflammation. [3, 4]

Network pharmacology is a recently emerging branch
that helps us to understand about the mechanism of
action of various drugs in diseases. [5] Even though
Datura is widely used in Ayurveda as an anti-
inflammatory drug, there is dearth of information
related to the mechanism of its action. So, a network
pharmacology-based Molecular docking study was

planned to validate and wunderstand the anti-
inflammatory activity of Datura metel. We hypothesized
that certain phytochemical compounds are having anti-
inflammatory activity which works in Rheumatoid
activity. The hypothesis will be tested by using a
network pharmacology approach along with molecular
docking. It may demonstrate the activity of important
inflammatory mediators and signaling pathways,
including the signaling cascades of MAPK, TNF, NF-kB,
and IL-17.

2. MATERIAL AND METHODS

In silico approaches in the drug discovery:

Drug likeness characters of active biomolecules from
Datura metel were predicted using Molsoft online
server.

Lipinski made set of rules for drugs likely to penetrate
CNS if:

e Molecular weight <500 g/mol

® logpss

e Hydrogen bond donor <5

e Hydrogen bond acceptor <10

Retrieval of phytocompounds and their intended
targets

The databases like Dr. Duke's, IMPPAT database v2.0

(accessed June 2025) and literature research were
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utilized to obtain the information related to

phytocompounds of Datura metel. The structural
information of these phytocompounds were obtained
from PubChem and other open — source libraries. [6]
Phytocompounds probable protein targets

The targets with a similarity of more than 0.1% were
identified using Swiss Target Prediction database by
using canonical SMILES of each compound. The
Therapeutic Target Database (TTD) was used to analyse
the presence of proteins linked to RA in the current
identified targets. [7]

Disease targets retrieval

The TTD and Gene Card Database (accessed June 2025)
provided information about the genes related to RA.
The Venny 2.0 was utilized to analyze the common
targets between disease and phytocompound
targets.[8]

Pathway enrichment and network building

STRING database v10.5 was used to perform Protein—
protein interaction (PPl) analysis. The minimum
required interaction confidence score was 0.7 (high
confidence). Active interaction sources included curated
databases, experiments, co-expression, and text mining.
Isolated nodes were hidden to enhance network
robustness. The pathway analysis was performed by
using the KEGG pathway database. The key signalling
pathways related to the pathophysiology of RA was
identified through literature search. [9,10]

Network analysis

Cytoscape version 3.7.2 was utilized to construct a
network of phytocompounds of Datura metel,

associated signaling pathways and predicted Protein

targets. The topological parameter “edge count”

(degree centrality) was used during the construction of
network to examine the number of connections or

interactions associated with each node. The

customization of the size, shape and colour of nodes

and edges were done to differentiate between
phytocompounds, target proteins, and signaling
pathways. Based on the degree of connectivity

phytocompounds, protein targets and signalling
pathways were given distinct shape and size. The edges
were styled to improve clarity and to reflect interaction
types.

Docking methodology:

The targets from top 10 hub genes and the chemicals
that had the highest degree layout were made to dock.
By downloading the 3D structures of the ligand and the
targets from PubChem and RCS PDB respectively, the
targets were taken further into Autodock tool 1.5.7 for
adding the hydrogen bond and kollmann charges and
removing the hetero atoms and water molecules. Later
the targets that are uploaded into PyRx software where
it is made to dock with the 3d structures of the
phytochemicals. [11] Later the docking is visualized with
the Discovery Biovia studio for 2D and 3D structures and
the binding affinity of each target towards ligand is
tabulated and the highest binding affinity between the
ligand — target is also noted.

3. RESULTS

In silico pharmacology

Mining of and their

phytoconstituents target

prediction
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A thorough literature review and data mining from
open-source phytochemical databases identified 14
phytocompounds in Datura metel. The Swiss Target
Prediction program was used to anticipate the targets of
these phytochemicals. The result explained that 79
possible  protein targets may act with the
phytochemicals present in Datura metel. This screening
acts as the foundation for network studies to prove
Datura metel's potential in the treatment of RA.
Drug-Likeness and Druggability Assessment

Lipinski's Rule of Five was used to examine the drug-
likeness features like molecular weight, hydrogen bond
acceptors (HBA), hydrogen bond donors (HBD), and

lipophilicity (log P). It is used to determine the

the
[12]

pharmacokinetic fitness of phytocompounds

present in Datura metel. The majority of
compounds present within acceptable limits for oral
bioavailability and druggability. They showed a drug-
likeness scores ranging from -1.18 to 1.39 (Table 1).
Datura can be chosen for development of a new drug
due to the good drug-likeness scores of Atropine and
Hyoscyamine present in it.

Gene enrichment and network analysis

The GSEA (gene set enrichment analysis) revealed that a
total of 27 out of 110 protein targets (Figure 1) were

linked directly to 12 biochemical processes involved in

the pathophysiology of RA.

Table no.1: Rule of five Drug likeness score of phytocompounds & Druggability.

Lipinski Rule of Five
Compounds

Molecular weight (g/mol) HBA HBD | LogP | Drug likeness score
S.No | Acceptable Values <500 <5 <5 <10 Oto2
1 5a-pregnane3f 288.5 3 1 2.68 0.29
2 Apohyoscine 2.68 3 1 2.68 0.29
3 Atropine 289.4 4 1 1.38 1.39
4 Cuscohygrine 224.34 3 0 0.52 -1.18

Daturadiol 442.38 2 2 7.18 -0.04

6 Deoxywithastramonolide 470.6 6 2 3.95 0.12
8 Hyoscyamine 289.4 4 1 1.38 1.29
9 Scopalamine 303.35 5 1 1.15 0.68
10 Tigloidine 223.16 3 0 1.88 -0.18
11 Tigloyloxytropane 223.16 3 0 2.13 -0.61
12 Tri-terpene 172.15 2 2 1.47 -0.60
13 Tropine 141.12 2 1 0.83 -1.07
14 Withanolides 504.27 8 5 1.25 0.55
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The study showed that most of the phytoconstituents
interacted with the targets were alkaloids which might
be responsible for the anti- inflammatory activity of the
drug. Among the various pathways, the MAPK pathway
with its five genes (PTGS2, TNF, IRAK4, MAPK12,
MAPK14) plays a vital role in mediating inflammatory

responses in RA.

The TRP channels pathway, IL-17 signaling pathway, NF-
kappa B signaling pathway, Th17 cell differentiation,
PI3K-Akt signaling pathway and TNF signaling pathway
(Table 2; Figure 2) were the notable pathways related to
RA pathogenesis. The above said pathways are
responsible for the inflammation and joint destruction
in RA which the

might be influenced by

phytocompounds present in Datura.

Table no.2: Pathways modulated by proteins of Rheumatoid Arthritis.

KEGG ID | Pathway name Gene count| FDR Genes set within the pathway
MAPK12, MAPK14, IL27RA, STAT3, STAT6, IFNGR1, IL6R,
hsa04659 | Th17 cell differentiation 12 1.66E-18
IL6ST, IL6, TYK2, JAK3, JAK1
IL27RA, PIK3CA, STAT3,CSF2,STAT6,IFNGR1,IL6R,IL6ST,IL6
hsa04630 | JAK-STAT signaling pathway 12 1.66E-16
,TYK2, JAK3,JAK1
hsa04060 | Cytokine-cytokine receptor interaction| 8 3.45E-08 | 1L37,IL27RA,CSF2,IFNGR1,IL6R,IL6ST,IL6, TNF
hsa04657 | IL-17 signaling pathway 6 3.46E-08 | MAPK12, MAPK14, CSF2, PTGS2, IL6, TNF
hsa04066 | HIF-1 signaling pathway 6 5.92E-08 | PIK3CA, STAT3, NOS2, IFNGR1, IL6R, IL6
hsa04064 | NF-kappa B signaling pathway 4 6.33E-05 | PTGS2, SYK, TNF, IRAK4
hsa04010 | MAPK signaling pathway 2 0.0072 PIK3CA, TNF
hsa04668 | TNF signaling pathway 7 2.88E-09 | MAPK12, MAPK14, PIK3CA, CSF2, PTGS2, IL6, TNF

Larger nodes and higher number of edges show that
phytocompounds, proteins, and pathways are closely
coupled, reflecting considerable network modulation
and centrality. Smaller nodes and fewer edges, on the
other hand, depict components that interact and
modulate less.

Docking results:

In molecular docking study, the selected phytochemicals
were Scopolamine, Hyoscyamine and Tigloidine and

targets were STAT3, TNF and IL-6. The result of

molecular docking study showed that Scopolamine had
highest docking score with -7.6 kcal/mol binding affinity
towards STAT3. The lowest docking score was of -5.3
kcal/mol for tigloidine towards TNF. All the
phytochemicals had highest docking score towards
STAT3. The docking between the top 3 phytochemicals
and the targets that are done based on the degree
layout in the topological analysis (Table 3). The action of
STAT3 target towards scopolamine and IL6 towards

Hyoscyamine are visualized in the study (Figure 3).
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Figure no: 01: Protein-Protein interaction of Rheumatoid arthritis.
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Figure no: 02: Network analysis of interaction between Phytocompounds, proteins and pathways.

Table no.3: Binding affinity of Phytochemicals and targets in Molecular docking

Binding Affinity (kcal/mol)
Phytochemicals
TNF STAT3 IL6
Scopolamine -5.9 -7.6 -6.2
Hyoscyamine -6.2 -7.5 -6.4
Tigloidine -5.3 -7.2 -5.7
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Figure no: 03: Visualization of STAT3 target towards scopolamine and IL6 towards Hyoscyamine

4. DISCUSSION

The main characteristic feature of Rheumatoid arthritis
is cartilage deterioration, Chronic synovitis and bone
loss. The pathophysiology of RA has the following steps;
stimulation of inflammatory kinase, dysregulated
cytokine signaling, and transcription factors that
activate systemic immune stimulation and synovial
inflammation. This study examined all the
phytoconstituents present in Datura metel by using
network pharmacology techniques. It studies about the
interaction of the phytoconstituents with the protein
targets of Rheumatoid arthritis

12 significant pathways are found by the Gene
enrichment analysis in which MAPK signaling pathway is
considered as the main hub. A thorough study on the
compound — target — pathway network reveled five
related genes i.e.; MAPK12, MAPK14, TNF, IRAK4 and
PTGS2. The serine/threonine protein kinases also known
as p38 MAPKs, which include MAPK14 (p38a) and
MAPK12 is activated by Inflammatory cytokines and

environmental stressors. The synovial membranes of RA

patients are having a high concentration of these
kinases. It is supposed to mediate the transcription of
pro-inflammatory genes. In chronic inflammation, these
kinases represent attractive molecular targets for small-
molecule inhibitors. [13, 14] The effective strategy to
reduce immune cell infiltration and synovial hyperplasia
is to block MAPK14 as it is essential for stress response,
cell differentiation, and apoptosis. The phytocompounds
of Datura metel may inhibit important pro-inflammatory
pathways that are essential to RA pathogenesis by their
ability to interact with MAPKs. The network analysis
identified that the phytochemical components of
Datura metel are having an action on TNF, IL-6, and
STAT3 which are considered as the key targets. A major
inflammatory  cytokine  TNF,  causes  synovial
inflammation, cartilage degradation, and Treg cell
dysfunction by dephosphorylating FOXP3 and increasing
the phosphatase activity. This process reduces
immunological tolerance, which aggravates the
condition. The Atropine and Hyoscyamine acts as TNF-

modulating agents is supported by their interaction with
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TNF. IL-6 has a role in acute-phase protein synthesis, B-

cell differentiation and Th17 cell growth. The
overexpression of IL-6 causes the Systemic symptoms
and joint inflammation. The cytokines like IL -6 also
stimulates STAT3, a transcription factor, which regulates
a multitude of immune-related genes and facilitates the
activation and survival of pathogenic T cells. Based on
the analysis of network done on IL-6/STAT3 axis, Datura
may decrease the inflammation in RA by suppressing
these key nodes.

In this network study IL-37 is also targeted which is an
anti-inflammatory cytokine that blocks innate immune
responses. IL 37 is working with SMAD3 to reduce the
level of IL-1B, IL-6, IL-23A and chemokines such as
CXCL13 while keeping anti-inflammatory cytokine levels
stable. Due to this dual regulatory effect of IL-37, the
substances which alter its activity may help to restore
immunological homeostasis. The targets of Datura
metel phytochemicals, such as PTGS2 (COX-2), IRAK4 (a
kinase downstream of IL-1R and TLRs), and PIK3CA (a
catalytic component of PI3K), emphasize their
polypharmacological reach. These proteins are having
an important role in RA-related joint inflammation and
injury because they regulate inflammatory mediators,
production of prostaglandins, and cell survival.

PPARA (Peroxisome Proliferator-Activated Receptor

Alpha), a transcription factor was one of the anticipated

targets which controls inflammation and lipid
metabolism. The anti-inflammatory activity and
metabolic  balancing effects of Datura metel

phytochemical components may get enhanced by the

activation of PPARA, particularly in RA patients with

metabolic comorbidities, by inflammatory cytokine
production and modifying genes implicated in fatty acid
oxidation

According to a drug-likeness evaluation using Lipinski's
Rule of Five (Table 1), the phytocompounds present in
Datura metel like Atropine, hyoscyamine, and
scopolamine are having favourable physicochemical
properties (molecular weight, log P, and hydrogen
bonding potential) that support good oral bioavailability
and pharmacokinetic behaviour. In order to improve
bioavailability, compounds like cuscohygrine and
withanolides may need to be structurally optimized or
have their delivery methods targeted.

These findings were visually reinforced in the network
constructed using Cytoscape (Figure 2), where high-
degree nodes—phytochemicals such as atropine—were
directly linked to multiple key RA-associated proteins
and pathways. A multi-target mechanism is a need in
RA, that may offer a better therapeutic effect due to its
synergistic or additive nature.

In molecular docking study, the stability and strength of
ligand-protein interactions are explained by larger
negative binding affinity values which indicates the
stronger binding potential. Among the three targets,
STAT3 is more susceptible to being modulated by the
Phytochemicals. STAT3 showed the strongest interaction
with all of the phytochemicals that were tested. This
suggests that the phytochemicals of Datura metel may
be strongly interfered with STAT3-mediated signaling
pathways, that are involved in immune dysregulation
and chronic inflammation. Hyoscyamine had the best

binding affinity for TNF (-6.2 kcal/mol), followed by
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Scopolamine (-5.9 kcal/mol) and Tigloidine (-5.3
kcal/mol). Scopolamine had specific affinity for STAT3,
while Hyoscyamine showed consistent binding of all
targets, suggesting a wide range of anti-inflammatory
potential. The result explains the activity of
phytochemicals of Datura metel in the multi-target
therapeutic potential.

The Datura metel's anti-inflammatory potential in RA
could be viewed at the systemic level by combining
network and gene set enrichment analysis along with
molecular docking approach. Concurrent modulation of
metabolic regulation (PPARA), inflammatory signalling
(MAPK, TNF, NF-kB), and cytokine regulation (IL-6, IL-37,
STAT3) points to a complex mechanism that is in line
with modern therapeutic strategies that target many
pathogenic pathways.

Strengths and Limitations

The main strength of this study is a thorough network
pharmacology approach with molecular docking that
integrates phytochemical profiling, target prediction, PPI
analysis, and pathway enrichment. This study provides
the scientific validation of anti-inflammatory property of
Datura metel.

Limitations include dependence on in silico predictions
and potential database bias. ADMET predictions were
limited to drug-likeness parameters and do not fully
represent in vivo pharmacokinetics or toxicity.

5. CONCLUSION

The study describes the anti-inflammatory activity of
Datura in inflammation. The key phytocompounds
present in Datura such as hyoscyamine, fastusic acid,

scopolamine, deoxywithastramonolide and tigloidine

are having an effect on TNF, IL6, COX, MAPK14 through
Rheumatoid arthritis and P38 MAPK signalling pathway.

The molecular docking shows the action of

Scopolamine, Hyoscyamine and Tigloidine towards

STAT3, TNF and IL6. The current study validates the
potential of Datura metel as a Shophahara (anti-

inflammatory and swelling-reducing action) drug

through a network pharmacology and molecular

docking approach.
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