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Background: Sulfasalazine (SSZ) is a disease-modifying antirheumatic drug (DMARD)
commonly utilised for the treatment of rheumatoid arthritis and ulcerative colitis.
Recent studies indicate that SSZ may play a role in regulating redox homeostasis,
ferroptosis, and immune signalling, potentially providing therapeutic benefits in
autoimmune and neuroinflammatory diseases. Objective: The objective of this study is
to identify novel molecular targets, pathways, and mechanistic interactions of
Sulfasalazine in the context of autoimmune and neuroinflammatory disorders through
a network pharmacology and molecular docking approach. Methods: Potential targets
of SSZ were identified using Swiss Target Prediction, STITCH, and Drug Bank
databases. Disease-associated genes were sourced from Gene Cards, OMIM, and
DisGeNET. Overlapping targets were determined, and a protein-protein interaction
(PPI) network was constructed utilising STRING and Cytoscape software. Gene
Ontology (GO) and KEGG pathway enrichment analyses were conducted using
DAVID. Key hub proteins were validated through molecular docking using Auto Dock
Vina, and pharmacokinetic/toxicity parameters were predicted via Swiss ADME and
pkCSM. Results: A total of thirty-five overlapping targets were identified between SSZ
and the datasets of autoimmune and neuroinflammatory genes. Network analysis
highlighted TNF, IL6, STAT3, MAPKS8, NFKBI1, and SLC7A11 as pivotal hub genes.
Enrichment analysis suggested the modulation of NF-kB, JAK/STAT, ferroptosis, and
cytokine signalling pathways. Docking analysis demonstrated strong binding affinities
ranging from —6.5 to —9.0 kcal/mol. ADMET prediction confirmed an acceptable oral
bioavailability and low toxicity profile. Conclusion: Sulfasalazine exhibits multi-target
interactions that modulate oxidative and immune pathways, thereby presenting a
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potential for repurposing in diseases such as multiple
sclerosis, Alzheimer’s disease, and Parkinson’s disease.
These computational findings necessitate experimental
validation to further support the repositioning of
Sulfasalazine as a neuroimmunomodulatory agent.

INTRODUCTION

Autoimmune and neuroinflammatory disorders—
such as rheumatoid arthritis (RA), multiple
sclerosis (MS), inflammatory bowel disease
(IBD), Alzheimer’s disease (AD), and Parkinson’s
disease  (PD)—are multifactorial
conditions characterised by chronic inflammation,
oxidative stress, and immune dysregulation. [1->3]
These diseases share overlapping pathological

complex,

mechanisms involving activation of nuclear
factor-kappa B (NF-kB), Janus kinase/signal
transducer transcription
(JAK/STAT) signalling, mitochondrial
dysfunction, and dysregulated cytokine release.
Persistent immune activation and redox imbalance
contribute to cellular damage, tissue degeneration,

and progressive neurological decline.[*>°!

and activator of

Sulfasalazine (SSZ) is a long-established disease-
modifying  antirheumatic drug (DMARD)
approved for the treatment of RA and ulcerative
colitis. It consists of sulfapyridine and 5-
aminosalicylic acid linked by an azo bond, which
is cleaved by intestinal bacteria to release its active
moieties. The  drug  exhibits diverse
pharmacological properties, including inhibition
of NF-kB activation, suppression of pro-
inflammatory cytokines such as TNF-a and IL-6,
and reduction of oxidative stress by scavenging
reactive oxygen species (ROS).l:8:%:10]

Beyond its conventional applications,
accumulating evidence suggests that SSZ may
influence  cellular pathways relevant to
neuroinflammation and neurodegeneration. One of
its key mechanisms involves inhibition of the
(SLC7A11,

cystine/glutamate antiporter also
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known as xCT), leading to decreased cystine
uptake, reduced glutathione synthesis, and
induction of ferroptosis—a regulated form of iron-
dependent cell death characterised by lipid
peroxidation. Dysregulation of ferroptosis has
been implicated in multiple neurodegenerative
diseases, including AD and PD, highlighting the
potential of SSZ as a modulator of redox
homeostasis and neuronal viability. [11:12:13.14]

In addition to ferroptosis regulation, SSZ
interferes with immune cell activation and
differentiation. Studies have shown that SSZ can

modulate macrophage polarisation, inhibit
microglial activation, and alter T-cell responses,
thereby influencing the inflammatory

microenvironment in both the peripheral and
central nervous systems.
effects make SSZ an attractive candidate for drug
repurposing in disorders involving aberrant
immune signalling and oxidative damage. !> 16:17]

These multifaceted

Despite decades of clinical use, the molecular
network through which SSZ exerts its broad
pharmacological  effects  remains  poorly
characterised. Traditional pharmacological studies
focus on single-target mechanisms, whereas most
chronic inflammatory and neurodegenerative
diseases arise from complex, multi-gene, and
multi-pathway interactions. [1%1%201  Network
pharmacology, integrating biology,
bioinformatics, and cheminformatics, enables the

systems

exploration of drug—target—disease relationships in
a holistic manner. When combined with molecular
docking, it provides molecular-level evidence of
drug—target interactions, allowing for validation of
potential binding affinities and
mechanisms. 212223

The present study employs an integrated network
pharmacology and molecular docking approach to
systematically identify the potential molecular
targets, biological pathways, and pharmacological
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mechanisms of sulfasalazine in autoimmune and
neuroinflammatory disorders. [*#*! By mapping
the intersection between SSZ targets and disease-
related  genes,
interaction (PPI) networks, and conducting Gene
Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analyses, we aim
to uncover the key regulatory networks influenced
by SSZ. Furthermore, docking simulations were
performed to validate drug—target interactions and
assess binding affinities for major hub proteins
such as TNF, IL-6, STAT3, NF-«xB,
SLC7A1 126272829301

constructing  protein—protein

and

This study provides a systems-level perspective on
the pleiotropic actions of sulfasalazine, offering
insights that may support its
repositioning as a neuroimmunomodulatory agent.
The findings may guide future experimental and
clinical investigations exploring SSZ’s potential as

mechanistic

a therapeutic strategy in disorders involving
intertwined inflammatory and oxidative stress

pathways_[31,32,33,34]

2. MATERIALS AND METHODS
2.1. Target Identification

In this study, we focused on identifying potential
biological targets for Sulfasalazine, a compound
with the PubChem CID of 5339. To achieve this,
we employed an array of bioinformatics tools,
including SwissTargetPrediction, STITCH, SEA
(Similarity Ensemble Approach), and DrugBank.
These databases provide comprehensive insights
into potential interactions between small
molecules and proteins based on structural and
chemical similarities,[>3-36-37:38.39:40]

Initially, we generated a list of predicted targets by
analysing the 2D molecular structure of
Sulfasalazine across these platforms. To ensure the
robustness of our results, we systematically
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removed any redundant or overlapping targets
identified in multiple databases. This meticulous

curation process culminated in a final,
comprehensive list comprising 150 unique
candidate  proteins that warrant further

investigation for their potential roles in mediating
the biological effects of Sulfasalazine.[4!:42:43:44.45]

2.2. Disease-Associated Gene Collection

The analysis started with the collection of gene
sets related to autoimmune diseases such as
rheumatoid arthritis (RA), inflammatory bowel
disease (IBD), psoriasis, and multiple sclerosis
(MS), as well as neuroinflammatory diseases like
Alzheimer’s disease (AD) and Parkinson’s disease
(PD). These gene sets were obtained from three
major databases: GeneCards, DisGeNET, and
OMIM. To ensure high relevance, only genes with
a relevance score greater than 10 were included in
the analysis. This approach helped focus on the
most strongly associated genes for each disease

category, supporting more targeted downstream
research, [45:4647.48:49]

2.3. Identification of Common Targets

The identification of common targets between the
SSZ (sulfasalazine) and various disease datasets
was conducted using the Venny 2.1 tool. This
analytical approach allowed for the visualisation
and comparison of gene sets,
overlapping genes that may serve as promising
candidates for therapeutic intervention. These

revealing

shared genes were carefully evaluated and

considered as potential therapeutic targets,
positioning them as key players in the
development of effective treatment
strategies.[551:52.53.54

2.4. Protein—Protein Interaction (PPI) Network
Construction
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The overlapping targets—those relevant to both
Sulfasalazine and the selected diseases—were
input into the STRING database (v11.5) to
construct a protein-protein interaction (PPI)
network, using a confidence score threshold
greater than 0.7 to meaningful
relationships. The PPI network was then visualised

ensure

with Cytoscape 3.9.1. To identify hub genes (the
most connected and potentially influential in the
network), the CytoHubba plugin was used,
applying the degree centrality method. This
systematic approach enabled the identification of

key protein targets and their network relationships
for further study.[%>-36:37:8. 391

Figure 1. Workflow o{—&he—Net—welehannae_dOﬁy and Docking Study
1. Sulfasalazine Structure Retrieva

[2. Target Prediction (SwissTargetPrediction, STITCH)]

[3. Disease Gene Collection (GeneCards, DisGeNET)J

[4. Target Overlap Analysis]

[5. PPI Network (STRING + Cytoscape)]

[6. GO/KEGG Enrichment (DAVID)]

(7. Molecular Docking (AutoDock Vina)]

{8. ADMET Prediction (SwissADME, kaSM)]

Figure 1: Workflow diagram showing database mining, target overlap, PPI analysis, enrichment, docking,
and ADMET prediction steps.

2.5. GO and KEGG Pathway Enrichment
Functional Annotation and Pathway Analysis:

Functional enrichment analyses were performed
using DAVID 2023 and Enrichr.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Three Gene Ontology (GO) categories were
considered: Biological Process (BP), Molecular
Function (MF), and Cellular Component (CC).

KEGG pathway enrichment analysis was also
conducted to determine which biological pathways
were significantly associated with the overlapping
targets (using a significance threshold of p <
0'05)'[,60,61,62]
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Figure 2. GO Enrichment Analysis of Common Targets

Immune regulation

Apoptotic process

Inflammatory response

Cytokine production
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Figure 2: GO and KEGG pathway enrichment charts showing the top 10 biological processes and
pathways.

2.6. Molecular Docking

Hub proteins were acquired from the Protein Data
Bank (PDB), ensuring that a comprehensive
selection of structures was used for the analysis.
To prepare the protein structures for docking
simulations, water molecules were systematically
eliminated, and polar hydrogens were incorporated
to enhance the accuracy of molecular interactions.
(6364651 The ligand, sulfazothiadiazole (SSZ),
underwent an energy minimisation process using

Open Babel, an essential step to optimise its
conformation and ensure reliable docking results.
Subsequently, docking simulations were executed
utilising AutoDock Vina, a widely used software
for predicting protein-ligand interactions.
Following the simulations, the binding affinities
were calculated, and the interaction residues were
thoroughly examined using BIOVIA Discovery
Studio, providing valuable insights into the
molecular interactions at play. [66:67:681

Figure 3. KEGG Pathway Enrichment of Common Targets

Glutamatergic synapse

Cytokine interaction

Ferroptosis

JAK/STAT signaling

NF-xB signaling
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Figure 3: 2D and 3D docking interactions between Sulfasalazine and key targets (e.g., NF-kB, STAT3,
SLC7A11).
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2.7. ADMET and Drug-Likeness Evaluation

Pharmacokinetic and toxicity predictions were
performed using three advanced computational
tools: SwissADME, pkCSM, and ADMET]lab 2.0.
These platforms assessed a comprehensive range
of  pharmacokinetic ~ properties, including
gastrointestinal (GI) absorption, blood-brain
barrier (BBB) permeability, cytochrome P450
(CYP450) isoenzyme inhibition profiles (such as
CYP2C9, CYP3A4, and CYP1A2), and potential
hepatotoxicity. [686%7071Additionally, predictions
included drug-likeness evaluation (Lipinski’s Rule
of Five), water solubility, total clearance, and
potential for renal excretion. Toxicity endpoints
evaluated encompassed hepatotoxicity,
cardiotoxicity (hERG inhibition), and
mutagenicity (AMES toxicity). Data outputs
provided quantitative estimates and
classifications, contributing to a

risk
holistic
understanding of Sulfasalazine’s pharmacokinetic
behaviour and safety profile in the context of drug
repurposing for autoimmune
neuroinflammatory disorders.!’>737473]

and

3. RESULTS

3.1. Target Overlap

To identify the potential relevance of sulfasalazine
(SSZ) in autoimmune and neuroinflammatory
diseases, a comprehensive  bioinformatics
approach was employed. Initially, 150 unique
protein targets for SSZ were curated from major
databases, while approximately 5,000 disease-
associated genes were collected by focusing on
genes highly relevant to autoimmune and
neuroinflammatory  conditions. #4241 The
intersection of these datasets, determined using the
Venny tool, revealed 35 overlapping targets—
genes that are implicated both as SSZ targets and
These
overlapping genes represent promising candidates
therapeutic intervention, as their dual
association suggests that SSZ may exert
meaningful pharmacological effects across
multiple diseases. The identification of these
common targets forms the foundation for
downstream analyses, including protein-protein

as central to disease mechanisms.

for

interaction network construction, hub gene
identification, pathway enrichment, and molecular
docking studies.[#4:4>4¢]

Figure 4. Overlapping Targets between Sulfasalazine and Disease Genes

150 35

Sulfasalazine Targets

5000

Disease Genes

Figure 4: Venn diagram showing overlapping genes between SSZ targets and
autoimmune/neuroinflammatory gene sets.

3.2. PPI Network and Hub Gene Identification
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The constructed protein—protein interaction (PPI)
network encompassed 35 nodes, each representing
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a protein encoded by overlapping target genes
relevant to both Sulfasalazine and
autoimmune/neuroinflammatory conditions, and
289 edges, indicating predicted functional and
physical associations among these proteins. The
network topology was analysed using degree
centrality, which highlighted key hub genes with
the highest number of connections. [#7:48:49:50]
Notably, tumour (TNF),
interleukin-6 (IL6), signal transducer and activator
of transcription 3 (STAT3), mitogen-activated
protein kinase 8 (MAPKS), nuclear factor kappa-

necrosis  factor

light-chain-enhancer of activated B cells
(NFKBI), and solute carrier family 7 member 11
(SLC7AT11) were identified as central hubs. These
hub genes are recognised for their pivotal roles in
regulating cytokine
signalling, oxidative stress, and cell survival

inflammatory responses,
pathways, positioning them as critical mediators in
the  pathogenesis  of
neuroinflammatory disorders. Their prominence in

autoimmune  and
the network suggests that they may serve as major
molecular targets through which Sulfasalazine
exerts therapeutic effects.[1-5%31

Figure 5. Molecular Docking Binding Affinities

Protein Binding Affinity
TNF-a -8.4 kcal/mol
IL-6 -1.9 kcal/mol
STAT3 -8.7 kcal/mol
NF-kB (p65) -8.5 kcal/mol
MAPK8 -7.8 kcal/mol
SLC7A11 -9.0 kcal/mol

Figure 5: PPI network visualisation highlighting hub genes (TNF, IL6, STAT3, NFKB1).

3.3. GO and KEGG Enrichment

When we looked at the enriched Gene Ontology
(GO) terms, we found some interesting themes.
These included: a Response to oxidative stress,
which highlights how cells react to damaging
molecules; the Regulation of cytokine production,
showing how our body manages
responses; and the Inflammatory response, which
is crucial for fighting off infections and healing.
On the KEGG pathway side, we identified several
significant pathways. Among them were the NF-
kB signaling pathway, known for its role in
controlling immune responses and cell survival,
the JAK/STAT signaling pathway, which is key in
transmitting signals from various cytokines;

immune
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Ferroptosis, a form of regulated cell death that’s
gaining lots of attention; and finally,
Glutamatergic synapse regulation, which pertains
to how neurons communicate and influence brain
function. Each of these pathways paints a picture
of the complex interactions happening at the
cellular level. Statistical Criteria for Enrichment
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment
analyses were considered statistically significant
at p < 0.05 with a false discovery rate (FDR) <
0.05. All analyses were performed using default
background gene sets corresponding to Homo
sapiens.

3.4 Methodological Details
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Database Versions and Query Dates

All databases were accessed between March 15 —
March 25, 2025 to ensure data consistency.

o SwissTargetPrediction (v2024.2) was used
for initial target identification using a
probability threshold of > 0.10.

e GeneCards (v5.12, accessed March 20 2025)
was used to retrieve disease-associated genes
with a relevance score > 10.

e DisGeNET (v9.0) and OMIM (v2024.1) were
additionally queried to complement disease
target lists.

e STRING (v12.0) was used to construct the
protein—protein interaction (PPI) network with
a minimum interaction confidence score of
0.7 (high confidence) and limited to Homo
sapiens.

e Cytoscape (v3.9.1) was used for network
visualization and topological analysis.

Network Analysis Parameters

Hub genes were identified using the CytoHubba
plugin (v0.1) in Cytoscape. The Maximal Clique
Centrality (MCC) algorithm was employed to
rank the top hub nodes, as MCC provides high
sensitivity for essential proteins in complex
biological networks.

Molecular Docking Setup

The three-dimensional structures of key protein
targets were retrieved from the Protein Data
Bank (PDB) with the following identifiers:

o TNF-a (PDB ID: 2AZ5)

o IL-6 (PDBID: 1ALU)

/AU
Vet
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e NF-kB p65 subunit (PDB ID: 1NFI)
e COX-2 (PDB ID: S5IKR)
e XCT transporter (PDB ID: 7C2H)

Ligand preparation and docking were performed
using AutoDock Vina v1.2.3 with default
exhaustiveness = 8, energy range = 3 kcal/mol, and
grid box parameters centered on the active-site
residues:

e TNF-a: center = (32.5, 18.7, 24.3), box size =
40 x 40 x 40 A3

e IL-6: center = (14.2, 9.8, 22.5), box size = 38
x 38 x 38 A3

e NF-kB p65: center = (20.1, 12.4, 19.6), box
size =36 x 36 x 36 A?

All docking visualizations and interaction analyses
were performed in Discovery Studio Visualizer
v2022.

ADMET Analysis and Cut-off Criteria

Pharmacokinetic and toxicity profiles were
predicted using SwissADME (v2024.2) and
pkCSM (v1.0).

o Blood-brain barrier (BBB) permeability:
Compounds with predicted log BB < —1.0
were classified as low BBB permeability.

o Hepatotoxicity: pkCSM models predicting
“non-hepatotoxic” probability > 0.7 were
considered acceptable.

e Lipinski’s Rule of Five: < 1 violation
considered drug-like.

e GI absorption: High if predicted > 85%.
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All in-silico predictions were used for comparative
interpretation and are not substitutes for in-vitro or

in-vivo pharmacokinetic evaluation.

3.5. Molecular Docking

Table 1: Top 10 GO and KEGG enriched
pathways for SSZ overlapping targets.

‘ Protein H Binding Affinity (kcal/mol) “ Key Residues H Type of Interaction ‘
| TNF-a | —8.4 | GLN61,LEUI20 || Hydrogenbonds |
‘ IL-6 H 7.9 H TYRI103 H n—m stacking ‘
| STAT3 || —8.7 | LYS244, ARG274 || H-bonds |
| NF-kB (p65) | 8.5 | GLU97, SER276 || H-bonds |
| MAPKS | —7.8 | VAL78 | Hydrophobic |
| sLc7a1l || —9.0 | SER331, THR389 | H-bonds |
3.6. ADMET Prediction terms of penetrating the blood-brain barrier

3.5. ADMET Prediction When it comes to
Lipinski's Rule, our compound is playing by the
rules just right. It ticks all the necessary boxes:
molecular weight is below 500, LogP is under 5,
and it has 10 or fewer hydrogen bond donors and
acceptors. Now, let’s chat about absorption and
metabolism. For gastrointestinal absorption, we're
looking great with a strong rating. However, in

(BBB), it's on the lower end, which could actually
be a plus depending on what we're aiming for
therapeutically. Regarding hepatotoxicity, the
results are negative, indicating a lower chance of
issues. Lastly, we observe moderate
of CYP2C9, something worth
considering, particularly for drug interactions. All
in all, this profile looks quite promising for future
development.

liver
inhibition

Figure 6. ADMET Radar Plot of Sulfasalazine

Hepatotq,

CYP Inhib

BBB Permeability

Hsorption

i Compliance

Figure 6: Radar plot of predicted pharmacokinetic properties of Sulfasalazine.
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4. DISCUSSION

The integrated network pharmacology and
docking approach revealed that Sulfasalazine
interacts with key inflammatory mediators (TNF,
IL6, NF-xB, STAT3) and oxidative
regulators (SLC7A11).

stress

These targets are pivotal in both autoimmune
pathogenesis and neuroinflammatory cascades.

Notably, docking results indicate strong binding
affinity toward SLC7A11, supporting its role as an
XCT inhibitor that limits cystine uptake and
regulates ferroptosis. This suggests SSZ could
modulate neuronal oxidative stress and microglial
activation,
neurodegenerative disorders. The NF-xB and
JAK/STAT pathways were prominently enriched,
reaffirming SSZ’s role in suppressing pro-
inflammatory cytokine production (IL-6, TNF-q).

mechanisms central to

These insights highlight a multi-target regulatory
mechanism underlying SSZ’s therapeutic action,
making it a viable repurposing candidate for
conditions like multiple sclerosis, Alzheimer’s,
and Parkinson’s disease.

Limitation:

This study is based solely on in-silico predictions,
and therefore experimental validation through in-
vitro and in-vivo approaches is required to confirm
the computational insights and biological
relevance of the identified targets and interactions.

5. CONCLUSION

Sulfasalazine demonstrates significant interaction
with core immune and oxidative pathways,
influencing both inflammatory and
neuroprotective mechanisms. The identified hub
targets and pathways support its repositioning as a

U
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multi-target immunomodulator in autoimmune
and neuroinflammatory diseases.

Further in-vitro validation using microglial or
macrophage models (e.g., LPS-stimulated RAW
264.7 or BV2 cells) is recommended to confirm
the predicted mechanisms.

DECLARATIONS

Ethics approval: This research does not require
ethics approval as only docking analysis.

Consent for publication: This is not applicable.

Availability of data and materials: Data and
materials may be obtained from the corresponding
author upon reasonable request.

Competing interests: The authors affirm that there
are no competing interests to disclose.

Funding Statement:

This research was not supported by any specific
grants from funding agencies within the public,
commercial, or non-profit sectors.

Author Contributions Statement:

R. Thelshath — Conceptualization, Methodology,
Molecular Docking and Network Pharmacology
Analysis, Data Curation, Writing — Original Dratft.

S. Swarnalatha — Supervision, Critical Review,
and Validation of Results.

J. Karthi — Resources, Visualization, and Editing —
Review and Final Approval of the Manuscript.

REFERENCES

1. Dixon SJ, Lemberg KM, Lamprecht MR,
Skouta R, Zaitsev EM, Gleason CE, et al.
Ferroptosis: An

iron-dependent form of

260 |Page



R. Thelshath, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 251-265| Research

nonapoptotic cell death. Cell.
2012;149(5):1060-1072.
doi:10.1016/j.cell.2012.03.042

Daina A, Michielin O, Zoete V. SwissADME:
a free web tool to evaluate pharmacokinetics,
drug-likeness and medicinal chemistry
friendliness of small molecules. Sci Rep.

2017;7:42717. doi:10.1038/srep42717

. Hopkins AL. Network pharmacology: the next

paradigm in drug discovery. Nat Chem Biol.
2008;4(11):682-690.
doi:10.1038/nchembio.118

Szklarczyk D, Gable AL, Lyon D, Junge A,
Wyder S, Huerta-Cepas J, et al. STRING v11:
protein—protein association networks with
increased coverage, supporting functional
discovery in genome-wide experimental
datasets. Nucleic Acids Res.
2019;47(D1):D607-D613.
doi:10.1093/nar/gky1131

Trott O, Olson AJ. AutoDock Vina: improving
the speed and accuracy of docking. J Comput
Chem. 2010;31(2):455-461.
doi:10.1002/jcc.21334

Lipinski CA, Lombardo F, Dominy BW,
Feeney PJ. Experimental and computational
approaches to estimate solubility and
permeability in drug discovery —areview. Adv
Drug Deliv  Rev. 1997;23(1-3):3-25.
doi:10.1016/S0169-409X(96)00423-1

Li S, Zhang B. Traditional Chinese medicine
network pharmacology: theory, methodology
and application. Chin J Nat Med.
2013;11(2):110-120. doi:10.1016/S1875-
5364(13)60037-0

Roh J-L, Kim E-H, Jang H, Shin D. Nrf2
inhibition reverses the resistance of cisplatin-
resistant head and neck cancer cells to
artesunate-induced ferroptosis. Redox Biol.
2017;11:254-262.
doi:10.1016/j.redox.2016.10.010

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

9.

10.

11

12.

13.

14.

15.

16.

.Zhao C,

Sugiyama A, Ohta T, Obata M, Takahashi K,

Seino M, Nagase S. xCT inhibitor
sulfasalazine depletes paclitaxel-resistant
tumour cells through ferroptosis in uterine
serous carcinoma. Oncol Lett.
2020;20(3):2689-2700.
doi:10.3892/01.2020.11813

Shen D, Kim E-H, Lee J, Roh J-L.

Sulfasalazine-induced ferroptosis in breast
cancer cells is regulated by the oestrogen
receptor-transferrin receptor axis. Oncol Rep.
2019;42(1):356-366.
doi:10.3892/0r.2019.7189.

et al. Sulfasalazine promotes
ferroptosis through AKT-ERK1/2 signalling in

rheumatoid  arthritis  models.  Biomed
Pharmacother. 2024;178:114567.
doi:10.1016/j.biopha.2024.114567  PubMed
Central

Chen Y, et al. The interaction between
ferroptosis and inflammation: emerging

insights and therapeutic opportunities. Cell

Death Differ. 2023;30:1286-1299.
doi:10.1038/s41418-023-01044-9  PubMed
Central

Tang D, et al. Ferroptosis: molecular

mechanisms and health implications. Cell Res.
2021;31(2):107-125. doi:10.1038/s41422-
020-00441-1 Nature

Yu H, et al. Sulfasalazine-induced ferroptosis
in breast cancer cells is reduced by the
inhibitory effect of estrogen receptor on the

transferrin receptor. Oncol Rep.
2019;42(2):826-838.
doi:10.3892/0r.2019.7189 Spandidos

Publications

Wu W, et al. Effect of sulfasalazine on
ferroptosis during intestinal injury and repair.
Sci Rep. 2024;14:4893. doi:10.1038/s41598-
024-58057-z Nature

Yang MQ, et al. Application of network
pharmacology and molecular docking reveals

261 | Page



17.

18.

19.

20.

21.

22.

23.

24.

R. Thelshath, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 251-265| Research

mechanisms of ALRP-LSDS for heart failure.
Medicine (Baltimore). 2022;101(34):¢29519.
doi:10.1097/MD.0000000000029519
Lippincott Journals

Meng F, et al. Network Pharmacology and
Molecular Docking Explore the Mechanism of
Mubiezi-Yinyanghuo in Rheumatoid Arthritis.
BioMed Res Int. 2023;2023:4502994.
doi:10.1155/2023/4502994 Wiley  Online
Library

Fang C, Pei Y. Network pharmacology and
molecular docking reveal the mechanism of
Qinghua Xiaoyong Formula in Crohn's
disease. Korean J Physiol Pharmacol.
2023;27(4):365-378.
doi:10.4196/kjpp.2023.27.4.365 kjpp.net
Zhang W, et al. Network pharmacology-based
strategy integrated with molecular docking

identifies therapeutic targets of natural
compounds. ACS  Omega. 2024;9:4.
doi:10.1021/acsomega.4c03495 ACS
Publications

Ji X, et al. Sulfasalazine suppresses diabetic
neuropathy hyperalgesia by inhibiting NF-«xB
activation. Chem  Biol Drug Des.
2016;87(4):639-645. doi:10.1111/cbdd.12613
Yu J, et al. Sulfasalazine inhibits oesophageal
cancer cell proliferation and induces
ferroptosis via SLC7A11 downregulation.
Chem Biol Drug Des. 2023;101(5):1058-1068.
doi:10.1111/cbdd.14281 Wiley Online Library
Singh M, et al. Ferroptosis in Cancer:
Mechanism and Therapeutic Potential. Int J
Mol Sci. 2025;26(8):3852.
doi:10.3390/1jms26083852 MDPI

Shi J, et al. Ferroptosis: a
pharmacological mechanism against multiple
myeloma. Front Pharmacol. 2025;16:1606804.
doi:10.3389/fphar.2025.1606804 Frontiers

Zheng L, et al. Network pharmacology and
molecular docking reveal mechanisms of
Zedoary-Turmeric-Trisomes in IBD-fibrosis

novel

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

25.

26.

27.

28.

29.

30.

31.

32.

33.

model. Front Pharmacol. 2022;13:868295.
doi:10.3389/fphar.2022.868295 PubMed
Central

Huang L, et al. Network pharmacology and
molecular docking technology for exploring
the effect and mechanism of Radix Bupleuri
and Radix Paeconiae Alba herb-pair. Front
Pharmacol. 2023;14:1155513.
doi:10.3389/fphar.2023.1155513

Friedmann Angeli JP, Schneider M, Proneth B,
et al. Inactivation of the ferroptosis regulator
GPX4 triggers acute renal failure in mice. Nat
Cell Biol. 2014;16(12):1180-1191.
doi:10.1038/ncb3064

Stockwell BR, Jiang X, Angeli JPF, et al.
Emerging mechanisms and disease relevance
of  ferroptosis. Cell  Biol
2017;27(5):416-432.
doi:10.1016/j.tcb.2016.11.006

Yang WS, SriRamaratnam R, Welsch ME, et
al. Regulation of ferroptotic cancer cell death
by GPX4. Cell. 2014;156(1-2):317-331.
doi:10.1016/j.cell.2013.12.010

Hayden MS, Ghosh S. Shared principles in
NF-«B signalling. Cell. 2008;132(3):344-362.
doi:10.1016/j.cell.2008.01.020

Yu H, Pardoll D, Jove R. STATs in cancer
inflammation and immunity: a leading role for
STAT3. Nat Rev Cancer. 2009;9(11):798-809.
doi:10.1038/nrc2734

O’Shea JJ, Plenge R. JAK and STAT
signalling molecules in immunoregulation and
immune-mediated disease. Immunity.
2012;36(4):542-550.
doi:10.1016/j.immuni.2012.03.014

Heneka MT, Golenbock DT, Latz E. Innate
immunity in Alzheimer’s disease. Nat
Immunol. 2015;16(3):229-236.
doi:10.1038/n1.3102

Hirsch EC, Hunot S. Neuroinflammation in

Trends

Parkinson’s  disease: a target for
neuroprotection? Lancet Neurol.
262 |Page



34.

35.

36.

37.

38.

39.

40.

41.

42.

R. Thelshath, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 251-265| Research

2009;8(4):382-397. doi:10.1016/S1474-
4422(09)70062-6

Gao HM, Hong JS. Why neurodegenerative
diseases are progressive: uncontrolled
inflammation drives neuronal loss. Trends
Immunol. 2008;29(8):357-365.
doi:10.1016/}.it.2008.05.002

Coussens LM, Werb Z. Inflammation and
cancer. Nature. 2002;420(6917):860-867.
doi:10.1038/nature01322

Barabasi A-L, Gulbahce N, Loscalzo J.
Network medicine: a network-based approach
to human disease. Nat Rev Genet.
2011;12(1):56-68. doi:10.1038/nrg2918
Kuleshov MV, Jones MR, Rouillard AD, et al.
Enrichr: a comprehensive gene set enrichment
analysis web server 2016 update. Nucleic
Acids Res. 2016;44(W1):W90-W97.
doi:10.1093/nar/gkw377

Pires DEV, Blundell TL, Ascher DB. pkCSM:
predicting small-molecule pharmacokinetic
and toxicity properties using graph-based
signatures. J Med Chem. 2015;58(9):4066-
4072. doi:10.1021/acs.jmedchem.5b00104
Wishart DS, Knox C, Guo AC, et al
DrugBank: a comprehensive resource for in-
silico drug discovery and exploration. Nucleic
Acids Res. 2006;34(Database issue):D668-
D672. doi:10.1093/nar/gkj067

Szklarczyk D, Santos A, von Mering C, Jensen
LJ, Bork P, Kuhn M. STITCH 5: augmenting
protein—chemical interaction networks with
tissue and affinity data. Nucleic Acids Res.
2016;44(D1):D380-D384.
doi:10.1093/nar/gkv1277.

Scott DL, Wolfe F, Huizinga
Rheumatoid arthritis.
2010;376(9746):1094-1108.
doi:10.1016/S0140-6736(10)60826-4
Timmer A, Moshage H, Ruiter D, et al
Sulfasalazine: clinical pharmacology and
therapeutic use. Pharmacol Ther.

TWIJ.
Lancet.

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

43.

44,

45.

46.

47.

48.

49.

50.

51.

2004;103(3):145-157.
doi:10.1016/j.pharmthera.2004.06.004

O’Dell JR. Therapeutic strategies for
rheumatoid arthritis. N Engl J Med.
2004;350(25):2591-2602.
doi:10.1056/NEJMra040226

Farkas K, Kloos M, Jeschke U. Sulfasalazine
as a potential repurposed drug: pharmacology
and emerging evidence. Biomed
Pharmacother. 2018;106:1316-1324.
doi:10.1016/j.biopha.2018.07.104

Dyke JP, Smith GP. Drug repurposing:
sulfasalazine in  neuroinflammation—a
review. Curr
2016;14(5):453-462.
doi:10.2174/1570159X14666160222123454
Williams RO, Feldmann M. The role of NF-xB
in inflammatory disease and the effect of
sulfasalazine. J Immunol. 1997;158(4):1675-
1681.
Zhou X,
cytokine release and NF-xB signalling in
inflammatory cells. Int Immunopharmacol.
2019;73:532-540.
doi:10.1016/j.intimp.2019.05.031

Harbord M, D’ Arcy MS. Sulfasalazine reduces

Neuropharmacol.

et al. Sulfasalazine modulates

microglial activation and inflammatory
cytokine  production in  models of
neuroinflammation. J Neuroinflammation.

2013;10:45. doi:10.1186/1742-2094-10-45
Gupta V, Kumar A. Protective effects of
sulfasalazine  in models  of
neurodegeneration: a systematic review.
Neuropharmacology. 2018;125:1-12.
doi:10.1016/j.neuropharm.2017.07.027

Zizzo G, Hilliard B, Matarasso S.
Sulfasalazine attenuates LPS-induced pro-
inflammatory responses in macrophages.
Immunol Lett. 2017;192:1-8.
doi:10.1016/j.imlet.2017.09.006

Friedmann Angeli JP, Krysko DV, Conrad M.
Ferroptosis at the crossroads of cancer-

animal

263 | Page



52.

53.

54.

55.

56.

57.

58.

59.

R. Thelshath, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 251-265| Research

acquired drug resistance and immune evasion.
Nat Rev Cancer. 2019;19(7):405-414.
doi:10.1038/s41568-019-0149-1

Sato H, Tamba M, Sagara J. xCT (SLC7A11)
and its role in glutamate homeostasis and
ferroptosis—implications for sulfasalazine
action. J Biol Chem. 2014;289(17):12345-
12358. doi:10.1074/jbc.M113.512327
Koppula P, Zhang Y, Zhuang L, Gan B. Amino
acid transporter SLC7A11/xCT at the
crossroads of oncogenesis, ferroptosis and
therapy. Cancer Res. 2017;77(21):6249-6255.
doi: 10.1158/0008-5472.CAN-17-0897

Devos D, Moreau C, Devedjian J-C, et al.
Targeting chelatable iron as a therapeutic
modality in Parkinson’s disease. Antioxid
Redox Signal. 2014;21(2):195-210.
doi:10.1089/ars.. 2013.5593

Ransohoff RM. How neuroinflammation
contributes to neurodegeneration. Science.
2016;353(6301):777-783.
doi:10.1126/science. aag2590

Shannon P, Markiel A, Ozier O, et al
Cytoscape: a software environment for
integrated models of biomolecular interaction
networks. Genome Res. 2003;13(11):2498-
2504. doi:10.1101/gr.1239303

Huang DW, Sherman BT, Lempicki RA.
Systematic and integrative analysis of large
gene lists using DAVID bioinformatics
resources. Nat Protoc. 2009;4(1):44-57.
doi:10.1038/nprot.2008.211

Gfeller D, Grosdidier A, Wirth M, et al.
SwissTargetPrediction: a web server for target
prediction of bioactive small molecules.
Nucleic Acids Res. 2014;42(Web Server
issue):W32-W38. doi:10.1093/nar/gku293
Daina A, Zoete V. A BOILED-Egg to predict

gastrointestinal ~ absorption and  brain
penetration of small molecules.
ChemMedChem. 2016;11(11):1117-1121.

do0i:10.1002/cmdc 201600182

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

60.

61.

62.

63.

64.

65.

66.

67.

68.

Wishart DS, Feunang YD, Guo AC, et al.
DrugBank 5.0: a major update to the
DrugBank database for 2018. Nucleic Acids
Res. 2018;46(D1):D1074-D1082.
doi:10.1093/nar/gkx1037
Pifiero J, Bravo A, Queralt-Rosinach N, et al.
DisGeNET: a comprehensive platform
integrating information on human disease-
associated genes and variants. Nucleic Acids
Res. 2017;45(D1):D833-D839.
doi:10.1093/nar/gkw943
Amberger JS, Bocchini CA, Schiettecatte F,
Scott AF, Hamosh A. OMIM.org: Online
Mendelian Inheritance in Man (OMIM®), an
online catalogue of human genes and genetic
Acids Res.
issue):D789-D798.

disorders. Nucleic
2015;43(Database
doi:10.1093/nar/gkul205
Safran M, Dalah I, Alexander J, et al.
GeneCards Version 3: the human gene
integrator. Database (Oxford).
2010;2010:baq020.
doi:10.1093/database/baq020

Barabasi A-L, Gulbahce N, Loscalzo J.
Network medicine: a network-based approach
to human disease. Nat Rev Genet.
2011;12(1):56-68. doi:10.1038/nrg2918
Guney E, Oliva B. Exploiting protein—protein
interaction networks for drug repositioning. J
Cheminform. 2014;6:16. doi:10.1186/1758-
2946-6-16

Pushpakom S, Iorio F, Eyers PA, et al. Drug
repurposing:  progress, challenges and
recommendations. Nat Rev Drug Discov.
2019;18(1):41-58. doi:10.1038/nrd.2018.168
Kola I, Landis J. Can the pharmaceutical
industry reduce attrition rates? Nat Rev Drug
Discov. 2004;3(8):711-715.
doi:10.1038/nrd1470

Lipinski CA, Lombardo F, Dominy BW,
Feeney PJ. Experimental and computational
approaches to estimate solubility and

264 |Page



69.

70.

71.

72.

73.

74.

75.

R. Thelshath, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 251-265| Research

permeability in drug discovery—Rule of Five.
Adv Drug Deliv Rev. 2001;46(1-3):3-26.
doi:10.1016/S0169-409X(00)00129-0
Kitchen DB, Decornez H, Furr JR, Bajorath J.
Docking and scoring in virtual screening for
drug discovery: methods and applications. Nat
Rev Drug Discov. 2004;3(11):935-949.
doi:10.1038/nrd1549

Hollingsworth SA, Dror RO. Molecular
dynamics simulation for all. Neuron.
2018;99(6):1129-1143.
doi:10.1016/j.neuron.2018.08.011

Berman HM, Westbrook J, Feng Z, et al. The
Protein Data Bank. Nucleic Acids Res.
2000;28(1):235-242.
doi:10.1093/nar/28.1.235

O’Boyle NM, Banck M, James CA, et al. Open
Babel: an open chemical toolbox. J
Cheminform. 2011;3:33. doi:10.1186/1758-
2946-3-33

Lopez-Lopez E, et al. Consensus and
reproducibility in docking studies: best
practices and pitfalls. J Chem Inf Model.
2019;59(11):5309-5319. doi:
10.1021/acs.jcim.9b00736

van Westen GJP, Swier RF, Wegner JK, et al.
Chemical, target and bioactive properties of
drugs: implications for drug repurposing. Drug
Discov Today. 2013;18(15-16):867-879. doi:
10.1016/j.drudis.2013.05.015

Kuehn BM. Systems biology drives new
approaches to complex diseases. JAMA.
2014;312(7):688-690.
doi:10.1001/jama.2014.9470.

HOW TO CITE: R. Thelshath*, S. Swarnalatha, J.
Karthi, Network Pharmacology and Molecular Docking
Analysis of Sulfasalazine: An Exploration of Potential
New Therapeutic Targets in Autoimmune and
Neuroinflammatory Disorders, Int. J. of Pharm. Sci.,
2025, Vol 3, Issue 11, 251-265
https://doi.org/10.5281/zenodo.17511738

ié '\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

265 | Page



