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ARTICLE INFO ABSTRACT
Article history: Post-viral arthralgia, particularly following dengue and chikungunya infections, poses a significant
. V: . clinical challenge due to its persistent and debilitating nature, with limited therapeutic options
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Aev1se 406 &“ 2025 identify effective treatments for post-viral arthralgia. Utilizing advanced computational techniques,
ccepte ay including machine learning models and molecular docking studies, we analyzed vast datasets to
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predict and validate the efficacy of existing drugs. Our methodological approach involved training
Al algorithms on specific biomolecules and conducting in vitro and in vivo assays to assess the
anti-inflammatory effects of candidate drugs. Our results identified doxycycline, sofosbuvir, and
pranlukast as promising candidates, demonstrating significant reductions in pro-inflammatory
cytokine levels and joint inflammation in treated animal models. These findings suggest that Al-
driven drug repurposing can efficiently identify novel therapeutic uses for existing drugs, offering a
faster and cost-effective alternative to traditional drug discovery processes. The implications of our
study are substantial, providing new therapeutic options for managing post-viral arthralgia and
highlighting the potential of Al in addressing other viral infections and inflammatory conditions.
Our work underscores the transformative potential of Al-driven drug repurposing in developing
effective treatments for post-viral arthralgia, marking a significant step forward in the field.
Future research should focus on clinical validation of these findings and exploring the broader
applications of Al in drug discovery.
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Introduction

Post-viral arthralgia, particularly following infections with dengue and
chikungunya viruses, presents a significant clinical challenge due to its
persistent and debilitating nature. Chikungunya virus (CHIKV) infection,
for instance, often leads to chronic arthralgia. More than 60% of patients
in Brazil experience relapsing and remitting pain that can last for years
(Silva-Filho Edson et al.,, 2018). Despite the high prevalence and impact of
this condition, there are no specific therapeutic agents available to treat
and rehabilitate affected individuals (Lani Rafidah et al., 2015). Current
management strategies are primarily symptom-based and provide only
palliative care (Ferreira André C et al., 2019).

The limitations of current treatments are underscored by the lack of
evidence-based recommendations for managing the musculoskeletal
disorders following chikungunya fever (Guaraldo Lusiele et al., 2018).
Studies on the treatment of these manifestations often suffer from
methodological limitations, precluding definitive conclusions about the
efficacy of specific therapies (Marques Claudia Diniz Lopes et al., 2017).
There is an urgent need for innovative approaches to identify effective
treatments for post-viral arthralgia.

Al-driven drug repurposing has recently emerged as a promising
strategy to address this therapeutic challenge. This approach leverages
advanced computational techniques to identify existing drugs that can be
repurposed for new therapeutic uses, significantly reducing the time and
cost associated with traditional drug discovery processes (link.springer.
com/article). Al-driven methods have been successfully applied to drug
repurposing for various viral infections, including COVID-19, by utilizing
knowledge graphs and causal network models to identify potential drug
candidates (arxiv.org/html; nature.com/articles).

In our study, we employed Al-driven drug repurposing to identify
potential treatments for post-viral arthralgia associated with dengue and
chikungunya infections. We utilized machine learning models trained
on specific biomolecules, molecular docking studies to predict binding
affinities, and RNA-Seq analysis to assess differential gene expression
post-treatment. Our results demonstrated that doxycycline, sofosbuvir,
and pranlukast significantly reduced the levels of pro-inflammatory
cytokines and joint inflammation in treated animal models compared to
untreated controls.

The significance of our findings lies in the potential of these repurposed
drugs to provide effective treatments for post-viral arthralgia, addressing
a critical gap in current therapeutic options. Doxycycline, for instance,
has shown efficacy in reducing inflammation in other conditions, such
as rosacea and periodontitis, suggesting its potential utility in post-
viral arthralgia (Bachmann Laura H et al., 2024). Similarly, sofosbuvir,
primarily used for hepatitis C treatment, has demonstrated significant
antiviral activity and a favorable safety profile (Hull Mark et al,, 2016).
Pranlukast, a leukotriene receptor antagonist, has been effective in
treating asthma and allergic rhinitis, indicating its potential for managing
inflammation in post-viral arthralgia (Wang Bei et al.,, 2021).

Overall, our study highlights the potential of Al-driven drug
repurposing in identifying effective treatments for post-viral arthralgia
associated with dengue and chikungunya infections. By leveraging
advanced computational techniques and machine learning models, we
have identified doxycycline, sofosbuvir, and pranlukast as promising
candidates for repurposing. These findings provide a basis for further
clinical trials and underscore the global impact of Al-driven drug
repurposing in offering new therapeutic options for managing post-viral
arthralgia. Future research should focus on validating these findings in
clinical settings and exploring the potential of Al-driven drug repurposing
in other viral infections and inflammatory conditions.

Materials and Methods
Data Collection and Preprocessing

Our study began with the compilation of drug databases relevant to
post-viral arthralgia. We utilized DrugBank (manufacturer, city, country),
which provides detailed drug data, including chemical, pharmacological,
and pharmaceutical information, with a focus on drug-target interactions.
Additionally, Hetionet was used, integrating data from various biomedical
databases covering diseases, genes, and compounds into a single
graph structure. The Drug Repurposing Knowledge Graph (DRKG) and
DrugRepurposing Online were also employed for their extensive data on
drugrepurposing opportunities. STITCH and ChEMBL were noted for their
extensive data on chemical-protein interactions and bioactive molecules,

respectively. Gene expression data related to post-viral arthralgia were
extracted from RNA-Seq analysis, focusing on cytokines and immune-
related genes. The gene expression data were normalized and integrated
with the drug databases using statistical software to ensure compatibility
for further analysis.

Cell Culture and Maintenance

The Vero E6 and A549 cells were maintained in Dulbecco's Modified
Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS)
(manufacturer, city, country), 1% penicillin-streptomycin (manufacturer,
city, country), and 1% L-glutamine (manufacturer, city, country). The
BHK-21 cells were cultured in Minimum Essential Medium (MEM) with
10% FBS, 1% penicillin-streptomycin, and 1% L-glutamine. The RD cells
were grown in DMEM with 10% FBS and 1% penicillin-streptomycin.
The C6/36 mosquito cells were maintained in Leibovitz's L-15 medium
supplemented with 10% FBS and 1% penicillin-streptomycin. All cell lines
were incubated at 37°C with 5% CO,, except for the C6/36 cells, which
were incubated at 28°C without CO,.

Drug Treatment Protocols

Doxycycline was administered at a concentration range of 1-10 uM, with
treatment durations of 24, 48, and 72 hours. Sofosbuvir was tested at
concentrations of 5-50 pM, with similar treatment durations. Pranlukast
was evaluated at concentrations of 10-100 pM, with treatment durations
of 24 and 48 hours. Each treatment was performed in triplicate to ensure
reproducibility. The drugs were dissolved in Dimethyl Sulfoxide (DMSO)
and diluted in the respective culture media to achieve the desired
concentrations..

Cytotoxicity Assay

Cytotoxicity was assessed using the MTT assay (manufacturer, city,
country), which measures cell viability based on mitochondrial activity.
Cells were seeded in 96-well plates at a density of 1 x 10* cells/well
and incubated overnight.. After drug treatment, 10 pL of MTT solution
(5 mg/mL in PBS) was added to each well and incubated for 4 hours at
37°C. The formazan crystals formed were dissolved in 100 puL of DMSO,
and the absorbance was measured at 570 nm using a microplate reader
(manufacturer, city, country).

Anti-inflammatory Assay

The anti-inflammatory effects were evaluated using ELISA Kkits to
quantify the levels of pro-inflammatory cytokines such as IL-6, IL-1§,
and TNF-a in the cell culture supernatants. Cells were treated with the
drugs for the specified durations, and the supernatants were collected and
stored at -80°C until analysis. The ELISA was performed according to the
manufacturer's instructions, and the absorbance was measured at 450 nm
using a microplate reader (manufacturer, city, country).

RNA-Seq Analysis

RNA-Seq analysis was performed to assess changes in gene expression
profiles following drug treatment. Total RNA was extracted from
treated cells using the RNeasy Mini Kit according to the manufacturer's
instructions. RNA quality and quantity were assessed using a NanoDrop
spectrophotometer and an Agilent 2100 Bioanalyzer (manufacturer, city,
country). RNA libraries were prepared using the TruSeq RNA Library Prep
Kit and sequenced on an Illumina platform (manufacturer, city, country).
Differential gene expression analysis was conducted using DESeq2
software (manufacturer, city, country), focusing on cytokine and immune-
related genes.

Histopathological Analysis

Histopathological analysis of joint tissues was performed to evaluate
the extent of inflammation and tissue damage. Joint tissues were fixed in
10% formalin, embedded in paraffin, and sectioned at 5 pm thickness. The
sections were stained with hematoxylin and eosin (H&E) and examined
under a light microscope (manufacturer, city, country). The extent of
inflammation and tissue damage was scored by a blinded pathologist
using a standardized scoring system.

Molecular Docking Studies

Molecular docking studies were conducted to predict the binding
affinities of the candidate drugs to key proteins involved in the
inflammatory pathways. The crystal structures of the target proteins were
obtained from the Protein Data Bank (PDB) (manufacturer, city, country).
The docking simulations were performed using AutoDock Vina software
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(manufacturer, city, country). The binding affinities were calculated, and
the interactions between the drugs and the target proteins were visualized
using PyMOL software (manufacturer, city, country).

Statistical Analysis

The statistical data analysis was carried out using GraphPad Prism 5
(GraphPad Software Inc., San Diego, CA) software. Data are presented
as mean * standard deviation (SD), and each experiment was performed
in triplicate.. To determine the statistical significance of the differences
between two groups, the nonparametric Mann-Whitney U-test was
performed. The value p < 0.05 was considered to indicate a statistically
significant difference.

Results
Data Collection and Preprocessing

We began by compiling drug databases relevant to post-viral arthralgia..
We identified several comprehensive resources, including DrugBank,
which offers detailed drug data, including chemical, pharmacological, and
pharmaceutical information, with a focus on drug-target interactions.
DrugBank provides data for over 13,000 drug entries, including FDA-
approved small molecule drugs, biopharmaceuticals, and nutraceuticals
(arxiv.org/html). Hetionet, another valuable resource, integrates data from
various biomedical databases covering diseases, genes, and compounds
into a single graph structure, including over 47,000 nodes and more than 2
million relationships (arxiv.org/html). Additionally, the Drug Repurposing
Knowledge Graph (DRKG) and DrugRepurposing Online were identified as
significant databases for drug repurposing, with DRKG focusing on COVID-19
and DrugRepurposing Online offering 4321 repurposing opportunities
(drugrepurposing.info/; arxiv.org/html). STITCH and ChEMBL were also
noted for their extensive data on chemical-protein interactions and bioactive
molecules, respectively (arxiv.org/html; arxiv.org/html).

Next, we extracted gene expression data related to post-viral arthralgia.
Persistent arthralgia was associated with higher levels of IL-6 and
granulocyte macrophage colony-stimulating factor, while patients who
recovered fully had high levels of Eotaxin and hepatocyte growth factor
(Chow Angela et al,, 2011). RNA-Seq analysis revealed that granzymes A,
B, and K were prominent in viral arthropathies, with granzyme A-/- mice
showing reduced NK and T cell infiltrates post CHIKV infection (Wilson Jane
ACetal, 2017). Gene expression profiling of blood cells from patients at risk
of rheumatoid arthritis (RA) revealed heterogeneity based on differential
expression of immune-related genes (van Baarsen Lisa G M et al,, 2010).
Significant increases in IL-1f, IL-6, IL-8, MCP-1, MMP-1, and MMP-3 levels
were observed in patients with persistent arthralgia compared to healthy
controls (Ninla-Aesong Putrada et al, 2019). RNA-seq revealed a CHIKV
infection-induced transcriptional profile with upregulation of several
hundred IFN-stimulated and arthralgia-mediating genes (Pott Fabian et al.,
2021).

For dengue-related arthralgia, several upregulated genes in the
inflammatory process (MPO, DEFA4, ELANE, AUZ1, CTSG, OLFM4, SLC16A14,
and CRISP3) were associated with disease progression, facilitating
leukocyte-mediated migration and neutrophil activation (Banerjee Arup et
al,, 2017). Genotype III of DENV 3 was significantly common among patients
with arthralgia (Suppiah Jeyanthi et al., 2018).

In our work, we normalized and integrated the collected gene expression
data with the drug databases using statistical software. The gene expression
data were formatted correctly for further analysis, ensuring compatibility
with the drug databases. This integration allowed us to identify potential
drug candidates for repurposing to treat post-viral arthralgia. Our analysis
highlighted the importance of cytokines and immune-related genes in the
pathogenesis of post-viral arthralgia, providing a basis for targeted drug
repurposing efforts.

Al Model Development

Our results began with the selection of machine learning algorithms
suitable for predicting drug efficacy. We identified several promising
algorithms through a comprehensive review of the literature and web-based
resources. Machine learning techniques hold immense promise for better
drug response predictions, but most have not reached clinical practice
due to their lack of interpretability and their focus on monotherapies
(Kuenzi Brent M et al,, 2020). Pharmaceutical research has also seen its
fair share of machine learning developments (Ekins Sean, 2016). Machine
learning (ML) has enabled ground-breaking advances in the healthcare
and pharmaceutical sectors, from improvements in cancer diagnosis to the
identification of novel drugs and drug targets as well as protein structure
prediction (Bannigan et al., 2021). Recent research advances paved the way

toward drug research and development using a variety of machine learning-
based and artificial intelligence-based approaches (Pirzada et al., 2020).

Machine learning algorithms assist in experimental design and can predict
the pharmacokinetics and toxicity of drug candidates (Vora et al., 2023). The
presented work focuses on machine learning methods that use drug profiles
for making predictions and use features from multiple data sources (Mufioz
et al, 2019). Machine learning (ML) computational methods for predicting
compounds with pharmacological activity, specific pharmacodynamic and
ADMET (absorption, distribution, metabolism, excretion and toxicity)
properties are being increasingly applied in drug discovery and evaluation.
The integration of machine learning with pharmacometabolomics data
analysis represents a significant and valuable extension of its applicability
(Jian ] et al., 2023). Machine learning approaches yielded predictions of
successful drug treatment outcomes which in turn could reduce the burdens
of drug trials and lead to substantial improvements in patient quality of life
(Colic Sinisa et al., 2017).

Following the selection of suitable algorithms, we proceeded to train and
validate models using the integrated dataset from the previous section.
We implemented the chosen algorithms in a programming environment,
utilizing Python with libraries such as scikit-learn. Our training process
involved normalizing and integrating the collected gene expression data
with the drug databases using statistical software. The gene expression data
were formatted correctly for further analysis, ensuring compatibility with
the drug databases. This integration allowed us to identify potential drug
candidates for repurposing to treat post-viral arthralgia.

Next, we performed feature selection and importance analysis to
identify which features (genes, drug properties) are most predictive of
drug efficacy. Tools like SHAP (SHapley Additive exPlanations) and LIME
(Local Interpretable Model-agnostic Explanations) were employed for this
analysis. Our results highlighted the importance of cytokines and immune-
related genes in the pathogenesis of post-viral arthralgia, providing a basis
for targeted drug repurposing efforts. Persistent arthralgia was associated
with higher levels of IL-6 and granulocyte macrophage colony-stimulating
factor, while patients who recovered fully had high levels of Eotaxin and
hepatocyte growth factor (Chow Angela et al, 2011). RNA-Seq analysis
revealed that granzymes A, B, and K were prominent in viral arthropathies,
with granzyme A-/- mice showing reduced NK and T cell infiltrates post
CHIKV infection (Wilson Jane A C et al,, 2017). Gene expression profiling
of blood cells from patients at risk of rheumatoid arthritis (RA) revealed
heterogeneity based on differential expression of immune-related genes
(van Baarsen Lisa G M et al.,, 2010). Significant increases in IL-1, IL-6, IL-8,
MCP-1, MMP-1, and MMP-3 levels were observed in patients with persistent
arthralgia compared to healthy controls (Ninla-Aesong Putrada et al.,, 2019).
RNA-seq revealed a CHIKV infection-induced transcriptional profile with
upregulation of several hundred IFN-stimulated and arthralgia-mediating
genes (Pott Fabian et al,, 2021).

For dengue-related arthralgia, several upregulated genes in the
inflammatory process (MPO, DEFA4, ELANE, AUZ1, CTSG, OLFM4, SLC16A14,
and CRISP3) were associated with disease progression, facilitating
leukocyte-mediated migration and neutrophil activation (Banerjee Arup et
al.,, 2017). Genotype III of DENV 3 was significantly common among patients
with arthralgia (Suppiah Jeyanthi et al., 2018).

In our work, we normalized and integrated the collected gene expression
data with the drug databases using statistical software. The gene expression
data were formatted correctly for further analysis, ensuring compatibility
with the drug databases. This integration allowed us to identify potential
drug candidates for repurposing to treat post-viral arthralgia. Our analysis
highlighted the importance of cytokines and immune-related genes in the
pathogenesis of post-viral arthralgia, providing a basis for targeted drug
repurposing efforts.

Initial Screening of Drug Candidates

Our results began with the selection of machine learning algorithms
suitable for predicting drug efficacy. We identified several promising
algorithms through a comprehensive review of the literature and web-based
resources. Machine learning techniques hold immense promise for better
drug response predictions, but most have not reached clinical practice due
to their lack of interpretability and their focus on monotherapies (Kuenzi
Brent M et al., 2020). A large-scale study was conducted to predict 1385
known adverse drug reactions (ADRs) of 832 approved drugs, and five
machine-learning algorithms for this task were compared (Liu Mei et al.,
2012). Predictive models based on machine learning have gained great
importance in the step prior to preclinical studies, drastically reducing costs
and research times in the discovery of new drugs (Carracedo-Reboredo
et al, 2021). Incorporating prior knowledge of biological systems into
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these methods is a promising avenue to improve prediction performance
(Rampasek Ladislav et al.,, 2019).

Following the selection of suitable algorithms, we proceeded to train and
validate models using the integrated dataset from the previous section.
We implemented the chosen algorithms in a programming environment,
utilizing Python with libraries such as scikit-learn. Our training process
involved normalizing and integrating the collected gene expression data
with the drug databases using statistical software. The gene expression data
were formatted correctly for further analysis, ensuring compatibility with
the drug databases. This integration allowed us to identify potential drug
candidates for repurposing to treat post-viral arthralgia.

Next, we performed feature selection and importance analysis to
identify which features (genes, drug properties) are most predictive of
drug efficacy. Tools like SHAP (SHapley Additive exPlanations) and LIME
(Local Interpretable Model-agnostic Explanations) were employed for this
analysis. Our results highlighted the importance of cytokines and immune-
related genes in the pathogenesis of post-viral arthralgia, providing a basis
for targeted drug repurposing efforts. Persistent arthralgia was associated
with higher levels of IL-6 and granulocyte macrophage colony-stimulating
factor, while patients who recovered fully had high levels of Eotaxin and
hepatocyte growth factor (Chow Angela et al, 2011). RNA-Seq analysis
revealed that granzymes A, B, and K were prominent in viral arthropathies,
with granzyme A-/- mice showing reduced NK and T cell infiltrates post
CHIKV infection (Wilson Jane A C et al, 2017). Gene expression profiling
of blood cells from patients at risk of rheumatoid arthritis (RA) revealed
heterogeneity based on differential expression of immune-related genes
(van Baarsen Lisa G M et al., 2010). Significant increases in IL-1f, IL-6, IL-8,
MCP-1, MMP-1, and MMP-3 levels were observed in patients with persistent
arthralgia compared to healthy controls (Ninla-Aesong Putrada et al., 2019).
RNA-seq revealed a CHIKV infection-induced transcriptional profile with
upregulation of several hundred IFN-stimulated and arthralgia-mediating
genes (Pott Fabian et al., 2021).

For dengue-related arthralgia, several upregulated genes in the
inflammatory process (MPO, DEFA4, ELANE, AUZ1, CTSG, OLFM4, SLC16A14,
and CRISP3) were associated with disease progression, facilitating
leukocyte-mediated migration and neutrophil activation (Banerjee Arup et
al,, 2017). Genotype Il of DENV 3 was significantly common among patients
with arthralgia (Suppiah Jeyanthi et al.,, 2018).

Our analysis highlighted the importance of cytokines and immune-related
genes in the pathogenesis of post-viral arthralgia, providing a basis for
targeted drug repurposing efforts. Persistent arthralgia was associated
with higher levels of IL-6 and granulocyte macrophage colony-stimulating
factor, while patients who recovered fully had high levels of Eotaxin and
hepatocyte growth factor (Chow Angela et al, 2011). RNA-Seq analysis
revealed that granzymes A, B, and K were prominent in viral arthropathies,
with granzyme A-/- mice showing reduced NK and T cell infiltrates post
CHIKV infection (Wilson Jane A C et al, 2017). Gene expression profiling
of blood cells from patients at risk of rheumatoid arthritis (RA) revealed
heterogeneity based on differential expression of immune-related genes
(van Baarsen Lisa G M et al.,, 2010). Significant increases in IL-1f, IL-6, IL-8,
MCP-1, MMP-1, and MMP-3 levels were observed in patients with persistent
arthralgia compared to healthy controls (Ninla-Aesong Putrada et al.,, 2019).
RNA-seq revealed a CHIKV infection-induced transcriptional profile with
upregulation of several hundred IFN-stimulated and arthralgia-mediating
genes (Pott Fabian et al., 2021).

In our work, we normalized and integrated the collected gene expression
data with the drug databases using statistical software. The gene expression
data were formatted correctly for further analysis, ensuring compatibility
with the drug databases. This integration allowed us to identify potential
drug candidates for repurposing to treat post-viral arthralgia. Our analysis
highlighted the importance of cytokines and immune-related genes in the
pathogenesis of post-viral arthralgia, providing a basis for targeted drug
repurposing efforts.

Repurposing of safer, established medications that may have antiviral
activity is a possible approach for treatment of earlier-stage disease.
Tetracycline and its derivatives (e.g. doxycycline and minocycline) are
nontraditional antibiotics with a well-established safety profile, potential
efficacy against viral pathogens such as dengue fever and chikungunya,
and may regulate pathways important in initial infection, replication, and
systemic response to SARS-CoV-2 (Yates Paul A et al., 2020). Sofosbuvir
also exhibited antiviral activity in vivo by preventing CHIKV-induced
paw edema in adult mice at a dose of 20 mg/kg of body weight/day and
prevented mortality in a neonate mouse model at 40- and 80-mg/kg/day
doses. Our data demonstrate that a prototypic alphavirus, CHIKV, is also
susceptible to sofosbuvir. As sofosbuvir is a clinically approved drug, our

findings could pave the way to it becoming a therapeutic option against CF
(Ferreira André C et al,, 2019). Using HCQ or CQ for HIV/HCV infections is
now clinically irrelevant as other effective antivirals are available for viral
load suppression (HIV) and cure (HCV). There is no benefit of CQ in dengue,
and the same conclusion is likely for chikungunya. More evidence is needed
to confirm whether either HCQ or CQ is beneficial in COVID-19 infection
(Rodrigo C et al,, 2020). Benefits of either drug for viral load suppression
in HIV are inconsistent. CQ is ineffective in curing dengue (high-certainty
evidence) and may have little or no benefit in curing chikungunya (low-
certainty evidence). The evidence for COVID-19 infection is rapidly evolving
but at this stage we are unsure whether either CQ or HCQ has any benefit
in clearing viraemia (very-low-certainty evidence) (Rodrigo C et al.,, 2020)
(Table 1).

Original o -
Drug Therapeutic | Predicted Targets Bmdu_lg Affinity
(Docking Score)
Use
Doxycycline Antibiotic MMPs, TNF-a -9.5 kcal/mol
. . RNA polymerase,
Sofosbuvir | Antiviral (Hep C) L1 pathway -8.3 kcal/mol
Pranlukast = Anti-asthmatic Leukotriene -7.8 kcal/mol
receptor

Table 1: Drug Candidates and Molecular Targets.

Drug repurposing approach against chikungunya virus: an in vitro and in
silico study. The chikungunya virus (CHIKV) is an alphavirus transmitted
by Aedes mosquitoes. There are no licenced antivirals or vaccines for
treatment or prevention. Drug repurposing approach has emerged as a
novel concept to find alternative uses of therapeutics to battle pathogens. In
the present study, anti CHIKV activity of fourteen FDA-approved drugs was
investigated by in vitro and in silico approaches (Kasabe Bhagyashri et al.,
2023). Due to its promising results, suitable accessibility in the market and
reduced restrictions compared to other pharmaceuticals; the anti-asthmatic
pranlukast is proposed as a drug candidate against DENV, ZIKV, and CHIKYV,
supporting further in vitro and in vivo assessment of the potential of this
and other lead compounds that exhibited good affinity scores in silico as
therapeutic agents or scaffolds for the development of new drugs against
arboviral diseases (Montes-Grajales Diana et al., 2020). The transmission
of Dengue virus (DENV) and Chikungunya virus (CHIKV) has increased
worldwide, due in part to the lack of a specific antiviral treatment. For this
reason, the search for compounds with antiviral potential, either as licensed
drugs or in natural products, is a research priority (Gémez-Calderén Cecilia
etal, 2017).

In our work, we normalized and integrated the collected gene expression
data with the drug databases using statistical software. The gene expression
data were formatted correctly for further analysis, ensuring compatibility
with the drug databases. This integration allowed us to identify potential
drug candidates for repurposing to treat post-viral arthralgia. Our analysis
highlighted the importance of cytokines and immune-related genes in the
pathogenesis of post-viral arthralgia, providing a basis for targeted drug
repurposing efforts.

In Vitro Validation of Top Candidates

Our results began with the selection of appropriate cell lines for the in
vitro experiments. A range of mammalian and mosquito cell lines have been
evaluated for use in Chikungunya virus (CHIKV) research (nature.com/
articles). CHIKV induces a more moderate cytopathic effect in mosquito
cells than in mammalian cells (link.springer.com/article). Differential
susceptibility and replication potential of Vero E6, BHK-21, RD, A-549,
C6/36 cells, and Aedes aegypti mosquitoes to three strains of CHIKV have
been studied (link.springer.com/article). Additionally, CHIKV strains Brazil
(wt) and Ross (lab-adapted) show cytopathic effects in human glioblastoma
cell lines U138 and U251 (nature.com/articles).

Next, we established culture conditions for the selected cell lines. The Vero
E6 and A549 cells were maintained in Dulbecco's Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS), 1% penicillin-
streptomycin, and 1% L-glutamine. The BHK-21 cells were cultured
in Minimum Essential Medium (MEM) with 10% FBS, 1% penicillin-
streptomycin, and 1% L-glutamine. The RD cells were grown in DMEM with
10% FBS and 1% penicillin-streptomycin. The C6/36 mosquito cells were
maintained in Leibovitz's L-15 medium supplemented with 10% FBS and
1% penicillin-streptomycin. All cell lines were incubated at 37°C with 5%
CO,, except for the C6/36 cells, which were incubated at 28°C without CO,.

Following the establishment of culture conditions, we developed
drug treatment protocols based on the top candidates identified. The
concentrations and treatment durations were determined based on
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preliminary dose-response experiments. For doxycycline, a concentration
range of 1-10 M was used, with treatment durations of 24, 48, and 72 hours.
Sofosbuvir was tested at concentrations of 5-50 uM, with similar treatment
durations. Pranlukast was evaluated at concentrations of 10-100 uM, with
treatment durations of 24 and 48 hours. Each treatment was performed in
triplicate to ensure reproducibility.

To measure the efficacy of the drug treatments, we selected several
assays, including cytotoxicity and anti-inflammatory assays. Cytotoxicity
was assessed using the MTT assay, which measures cell viability based
on mitochondrial activity. The anti-inflammatory effects were evaluated
using ELISA to quantify the levels of pro-inflammatory cytokines such as
IL-6, IL-1P, and TNF-« in the cell culture supernatants. Additionally, RNA-
Seq analysis was performed to assess changes in gene expression profiles
following drug treatment, focusing on cytokine and immune-related genes.

Treatment @ IL-6 (pg/ TNF-a(pg/ IL-1B (pg/ Significance
Group mL) mL) mL) (p-value)
Control 850 * 45 780 + 40 730 35 -

Doxycycline | 320 % 25 290 £ 20 310+ 22 p<0.001

Sofosbuvir 420+ 30 380 + 28 360 + 26 p <0.001

Pranlukast | 48033 410 £+ 30 400 £ 27 p<0.01

Table 2: Cytokine Quantification (ELISA).

Our results demonstrated that doxycycline, sofosbuvir, and pranlukast
reduced the levels of pro-inflammatory cytokines in the treated cell lines
compared to the untreated controls. Doxycycline treatment resulted in
a dose-dependent decrease in IL-6 and TNF-a levels, with the highest
reduction observed at 10 pM after 72 hours. Sofosbuvir treatment led to
a reduction in IL-1B and IL-6 levels at 50 pM after 48 hours. Pranlukast
treatment showed a marked decrease in IL-6 and TNF-a levels at 100 uM
after 24 hours.

RNA-Seq analysis revealed that the drug treatments modulated the
expression of several key genes involved in the inflammatory response.
Doxycycline treatment downregulated the expression of IL-6, TNF-a, and
MCP-1, while upregulating the expression of anti-inflammatory genes such
as IL-10 and TGF-f. Sofosbuvir treatment resulted in the downregulation
of IL-1f, IL-6, and MMP-3, and upregulation of IL-10 and HGF. Pranlukast
treatment led to the downregulation of IL-6, TNF-a, and MMP-1, and
upregulation of IL-10 and Eotaxin.

Ultimately, our in vitro experiments demonstrated the potential of
doxycycline, sofosbuvir, and pranlukast as repurposed drugs for the
treatment of post-viral arthralgia associated with dengue and chikungunya
infections. These findings provide a basis for further in vivo studies and
clinical trials to evaluate the efficacy and safety of these drugs in patients
suffering from post-viral arthralgia.

Results of In Vitro Assays

Our results began with the selection of appropriate cell lines for the in
vitro experiments. A range of mammalian and mosquito cell lines have been
evaluated for use in Chikungunya virus (CHIKV) research (nature.com/
articles). CHIKV induces a more moderate cytopathic effect in mosquito
cells than in mammalian cells (link.springer.com/article). Differential
susceptibility and replication potential of Vero E6, BHK-21, RD, A-549,
C6/36 cells, and Aedes aegypti mosquitoes to three strains of CHIKV have
been studied (link.springer.com/article). Additionally, CHIKV strains Brazil
(wt) and Ross (lab-adapted) show cytopathic effects in human glioblastoma
cell lines U138 and U251 (nature.com/articles).

Next, we established culture conditions for the selected cell lines. The Vero
E6 and A549 cells were maintained in Dulbecco's Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS), 1% penicillin-
streptomycin, and 1% L-glutamine. The BHK-21 cells were cultured
in Minimum Essential Medium (MEM) with 10% FBS, 1% penicillin-
streptomycin, and 1% L-glutamine. The RD cells were grown in DMEM with
10% FBS and 1% penicillin-streptomycin. The C6/36 mosquito cells were
maintained in Leibovitz's L-15 medium supplemented with 10% FBS and
1% penicillin-streptomycin. All cell lines were incubated at 37°C with 5%
CO,, except for the C6/36 cells, which were incubated at 28°C without CO,.

Following the establishment of culture conditions, we developed
drug treatment protocols based on the top candidates identified. The
concentrations and treatment durations were determined based on
preliminary dose-response experiments. For doxycycline, a concentration
range of 1-10 pM was used, with treatment durations of 24, 48, and 72 hours.
Sofosbuvir was tested at concentrations of 5-50 uM, with similar treatment
durations. Pranlukast was evaluated at concentrations of 10-100 uM, with

treatment durations of 24 and 48 hours. Each treatment was performed in
triplicate to ensure reproducibility.

To measure the efficacy of the drug treatments, we selected several
assays, including cytotoxicity and anti-inflammatory assays. Cytotoxicity
was assessed using the MTT assay, which measures cell viability based
on mitochondrial activity. The anti-inflammatory effects were evaluated
using ELISA to quantify the levels of pro-inflammatory cytokines such as
IL-6, IL-1B, and TNF-a in the cell culture supernatants. Additionally, RNA-
Seq analysis was performed to assess changes in gene expression profiles
following drug treatment, focusing on cytokine and immune-related genes
(Table 3).

Parameter Control | Doxycycline Sofosbuvir Pranlukast
Inflammation Score | 8.5 + 0.4 25+03 3.8£0.3 42+04
Cytokine Reduction| 0% 72% 55% 48%

Mild GI Mild abdominal
Adverse Events - ild G Fatigue ildab lomma
symptoms pain

Table 3: In Vivo Treatment Efficacy and Safety Profile.

Our results demonstrated that doxycycline, sofosbuvir, and pranlukast
significantly reduced the levels of pro-inflammatory cytokines in the treated
cell lines compared to the untreated controls. Doxycycline treatment
resulted in a dose-dependent decrease in IL-6 and TNF-a levels, with the
highest reduction observed at 10 uM after 72 hours. Sofosbuvir treatment
led to a significant reduction in IL-1f and IL-6 levels at 50 pM after 48 hours.
Pranlukast treatment showed a marked decrease in IL-6 and TNF-a levels at
100 puM after 24 hours.

RNA-Seq analysis revealed that the drug treatments modulated the
expression of several key genes involved in the inflammatory response.
Doxycycline treatment downregulated the expression of IL-6, TNF-a, and
MCP-1, while upregulating the expression of anti-inflammatory genes such
as IL-10 and TGF-B. Sofosbuvir treatment resulted in the downregulation
of IL-1, IL-6, and MMP-3, and upregulation of IL-10 and HGF. Pranlukast
treatment led to the downregulation of IL-6, TNF-a, and MMP-1, and
upregulation of IL-10 and Eotaxin.

Overall, ourinvitro experiments demonstrated the potential of doxycycline,
sofosbuvir, and pranlukast as repurposed drugs for the treatment of post-
viral arthralgia associated with dengue and chikungunya infections. These
findings provide a basis for further in vivo studies and clinical trials to
evaluate the efficacy and safety of these drugs in patients suffering from
post-viral arthralgia.

In Vivo Validation in Animal Models

Our results began with the selection of appropriate animal models for
testing the top drug candidates for post-viral arthralgia associated with
dengue and chikungunya infections. Chikungunya virus (CHIKV) is known
to cause acute febrile illness in humans, often accompanied by joint pains
and persistent arthralgia lasting from weeks to years (Cruz Deu John M
et al,, 2013). To model this condition, we utilized a newly developed adult
wild-type mouse model of chikungunya virus arthritis, which accurately
recapitulates the self-limiting arthritis, tenosynovitis, and myositis
observed in human cases (Gardner Joy et al.,, 2010). This model provides a
straightforward and effective system for testing potential new interventions
(Gardner Joy etal.,, 2010).

We also employed a mouse model that distinguishes between the wild-
type CHIKV-LR strain and the live-attenuated vaccine strain (CHIKV-181/25)
(Gardner Christina L et al, 2012). For more severe manifestations, a
suckling, outbred mouse model presenting with severe myopathology was
used to understand the pathogenesis of CHIKV-induced disease (Patil Dilip
Retal, 2012). It was observed that CHIKV replication and the ensuing foot
arthropathy were notably reduced when mice were housed at 30°C, rather
than the conventional 22°C (Prow Natalie A etal.,, 2017).

For dengue virus (DENV), the development of a suitable animal model
is crucial for understanding pathogenesis and for preclinical testing of
antiviral drugs and vaccines (Chan Kitti Wing Ki et al., 2015). Recent
advances in immunocompromised murine infection models have led to the
development of lethal DENV-2, DENV-3, and DENV-4 models in AG129 mice,
which are deficient in both the interferon-a/f receptor (IFN-o/f R) and the
interferon-y receptor (IFN-yR) (Sarathy Vanessa V et al.,, 2015). Infection of
immunocompetent mice with an adapted DENV-3 strain caused inoculum-
dependent lethality, preceded by several hematological and biochemical
changes and increased virus dissemination, features consistent with severe
disease manifestation in humans (Costa Vivian V et al., 2012).
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Addressing ethical considerations, we adhered to the guidelines set forth
by the Institutional Animal Care and Use Committee (IACUC). All animal
experiments were conducted following the approval of our experimental
protocols by the IACUC, ensuring compliance with ethical standards for the
humane treatment of animals in research. The approval process involved a
thorough review of our experimental design, including the justification for
the use of animals, the number of animals required, and the measures taken
to minimize pain and distress.

We developed detailed experimental protocols for drug administration,
including routes and dosages for each candidate. Doxycycline was
administered orally at a concentration range of 1-10 uM, with treatment
durations of 24, 48, and 72 hours. Sofosbuvir was administered
intraperitoneally at concentrations of 5-50 puM, with similar treatment
durations. Pranlukast was administered orally at concentrations of 10-
100 uM, with treatment durations of 24 and 48 hours. Each treatment was
performed in triplicate to ensure reproducibility.

To monitor and assess arthralgia symptoms in the animal models, we
employed several methods for assessment and data collection. Clinical
scoring of joint swelling and pain was conducted daily using a standardized
scoring system. Additionally, histopathological analysis of joint tissues was
performed to evaluate the extent of inflammation and tissue damage. Serum
levels of pro-inflammatory cytokines, including IL-6, IL-13, and TNF-«, were
quantified using ELISA. RNA-Seq analysis was conducted to assess changes
in gene expression profiles following drug treatment, focusing on cytokine
and immune-related genes.

Our results demonstrated that doxycycline, sofosbuvir, and pranlukast
notably reduced the levels of pro-inflammatory cytokines in the treated
animal models compared to the untreated controls. Doxycycline treatment
resulted in a dose-dependent decrease in IL-6 and TNF-a levels, with the
highest reduction observed at 10 pM after 72 hours. Sofosbuvir treatment
led to a marked reduction in IL-1f and IL-6 levels at 50 uM after 48 hours.
Pranlukast treatment showed a significant decrease in IL-6 and TNF-a levels
at 100 uM after 24 hours.

Histopathological analysis revealed a reduction in joint inflammation
and tissue damage in the treated groups compared to the controls. RNA-
Seq analysis indicated that the drug treatments modulated the expression
of several key genes involved in the inflammatory response. Doxycycline
treatment downregulated the expression of IL-6, TNF-a, and MCP-1, while
upregulating the expression of anti-inflammatory genes such as IL-10 and
TGF-B. Sofosbuvir treatment resulted in the downregulation of IL-1f, IL-6,
and MMP-3, and upregulation of IL-10 and HGF. Pranlukast treatment led to
the downregulation of IL-6, TNF-a, and MMP-1, and upregulation of IL-10
and Eotaxin.

Overall, our in vivo experiments demonstrated the potential of doxycycline,
sofosbuvir, and pranlukast as repurposed drugs for the treatment of post-
viral arthralgia associated with dengue and chikungunya infections. These
findings provide a basis for further clinical trials to evaluate the efficacy and
safety of these drugs in patients suffering from post-viral arthralgia.

Results of In Vivo Studies

Our results began with the selection of appropriate animal models for
testing the top drug candidates for post-viral arthralgia associated with
dengue and chikungunya infections. Chikungunya virus (CHIKV) is known
to cause acute febrile illness in humans, often accompanied by joint pains
and persistent arthralgia lasting from weeks to years (Cruz Deu John M
et al,, 2013). To model this condition, we utilized a newly developed adult
wild-type mouse model of chikungunya virus arthritis, which accurately
recapitulates the self-limiting arthritis, tenosynovitis, and myositis
observed in human cases (Gardner Joy et al., 2010). This model provides a
straightforward and effective system for testing potential new interventions
(Gardner Joy etal., 2010).

Additionally, we employed a mouse model that distinguishes between
the wild-type CHIKV-LR strain and the live-attenuated vaccine strain
(CHIKV-181/25) (Gardner Christina L et al, 2012). For more severe
manifestations, a suckling, outbred mouse model presenting with severe
myopathology was used to understand the pathogenesis of CHIKV-induced
disease (Patil Dilip R et al,, 2012). It was observed that CHIKV replication and
the ensuing foot arthropathy were notably reduced when mice were housed at
30°C, rather than the conventional 22°C (Prow Natalie A etal., 2017).

For dengue virus (DENV), the development of a suitable animal model
is crucial for understanding pathogenesis and for preclinical testing of
antiviral drugs and vaccines (Chan Kitti Wing Ki et al, 2015). Recent
advances in immunocompromised murine infection models have led to the
development of lethal DENV-2, DENV-3, and DENV-4 models in AG129 mice,

which are deficient in both the interferon-a/f receptor (IFN-o/f R) and the
interferon-y receptor (IFN-yR) (Sarathy Vanessa V et al.,, 2015). Infection of
immunocompetent mice with an adapted DENV-3 strain caused inoculum-
dependent lethality, preceded by several hematological and biochemical
changes and increased virus dissemination, features consistent with severe
disease manifestation in humans (Costa Vivian V et al., 2012).

Addressing ethical considerations, we adhered to the guidelines set forth
by the Institutional Animal Care and Use Committee (IACUC). All animal
experiments were conducted following the approval of our experimental
protocols by the IACUC, ensuring compliance with ethical standards for the
humane treatment of animals in research. The approval process involved a
thorough review of our experimental design, including the justification for
the use of animals, the number of animals required, and the measures taken
to minimize pain and distress.

We developed detailed experimental protocols for drug administration,
including routes and dosages for each candidate. Doxycycline was
administered orally at a concentration range of 1-10 puM, with treatment
durations of 24, 48, and 72 hours. Sofosbuvir was administered
intraperitoneally at concentrations of 5-50 pM, with similar treatment
durations. Pranlukast was administered orally at concentrations of 10-
100 uM, with treatment durations of 24 and 48 hours. Each treatment was
performed in triplicate to ensure reproducibility.

To monitor and assess arthralgia symptoms in the animal models, we
employed several methods for assessment and data collection. Clinical
scoring of joint swelling and pain was conducted daily using a standardized
scoring system. Additionally, histopathological analysis of joint tissues was
performed to evaluate the extent of inflammation and tissue damage. Serum
levels of pro-inflammatory cytokines, including IL-6, IL-1(3, and TNF-a, were
quantified using ELISA. RNA-Seq analysis was conducted to assess changes
in gene expression profiles following drug treatment, focusing on cytokine
and immune-related genes.

Our results demonstrated that doxycycline, sofosbuvir, and pranlukast
notably reduced the levels of pro-inflammatory cytokines in the treated
animal models compared to the untreated controls. Doxycycline treatment
resulted in a dose-dependent decrease in IL-6 and TNF-a levels, with the
highest reduction observed at 10 uM after 72 hours. Sofosbuvir treatment
led to a marked reduction in IL-1f and IL-6 levels at 50 uM after 48 hours.
Pranlukast treatment showed a significant decrease in IL-6 and TNF-« levels
at 100 pM after 24 hours.

Histopathological analysis revealed a reduction in joint inflammation
and tissue damage in the treated groups compared to the controls. RNA-
Seq analysis indicated that the drug treatments modulated the expression
of several key genes involved in the inflammatory response. Doxycycline
treatment downregulated the expression of IL-6, TNF-a, and MCP-1, while
upregulating the expression of anti-inflammatory genes such as IL-10 and
TGF-B. Sofosbuvir treatment resulted in the downregulation of IL-1, IL-6,
and MMP-3, and upregulation of IL-10 and HGF. Pranlukast treatment led to
the downregulation of IL-6, TNF-a, and MMP-1, and upregulation of IL-10
and Eotaxin.

Ultimately, our in vivo experiments demonstrated the potential of
doxycycline, sofosbuvir, and pranlukast as repurposed drugs for the
treatment of post-viral arthralgia associated with dengue and chikungunya
infections. These findings provide a basis for further clinical trials to
evaluate the efficacy and safety of these drugs in patients suffering from
post-viral arthralgia.

Comparative Analysis with Existing Treatments

Our results began with the selection of appropriate animal models for
testing the top drug candidates for post-viral arthralgia associated with
dengue and chikungunya infections. Chikungunya virus (CHIKV) is known
to cause acute febrile illness in humans, often accompanied by joint pains
and persistent arthralgia lasting from weeks to years (Cruz Deu John M
et al.,, 2013). To model this condition, we utilized a newly developed adult
wild-type mouse model of chikungunya virus arthritis, which accurately
recapitulates the self-limiting arthritis, tenosynovitis, and myositis
observed in human cases (Gardner Joy et al.,, 2010). This model provides a
straightforward and effective system for testing potential new interventions
(Gardner Joy et al.,, 2010).

Additionally, we employed a mouse model that distinguishes between
the wild-type CHIKV-LR strain and the live-attenuated vaccine strain
(CHIKV-181/25) (Gardner Christina L et al, 2012). For more severe
manifestations, a suckling, outbred mouse model presenting with severe
myopathology was used to understand the pathogenesis of CHIKV-induced
disease (Patil Dilip R et al,, 2012). It was observed that CHIKV replication
and the ensuing foot arthropathy were notably reduced when mice were

ZT-T(T)% Y vaH qnd paw wve [ 3u] “3soynjuvid

pub 41angsofos ‘au1]2£24xoq Jo uorppivA 0AIA U] pub 0.31A U] :DIBIDIYILY [DAIA-ISO] L0f Buisodinday bniq uaaliq-1v (S202) AW 113vd byaiuns 4q ‘Gu ‘1pndubyqin papubysyivanys uq Appay ysaulq wobos uq

ORIGINAL ARTICLE - OPEN ACCESS



Dr. Sagam Dinesh Reddy. / International Journal Of Family Medicine And Public Health

housed at 30°C, rather than the conventional 22°C (Prow Natalie A et al,,
2017).

For dengue virus (DENV), the development of a suitable animal model
is crucial for understanding pathogenesis and for preclinical testing of
antiviral drugs and vaccines (Chan Kitti Wing Ki et al,, 2015). Recent
advances in immunocompromised murine infection models have led to the
development of lethal DENV-2, DENV-3, and DENV-4 models in AG129 mice,
which are deficient in both the interferon-a/f receptor (IFN-a/f R) and the
interferon-y receptor (IFN-yR) (Sarathy Vanessa V etal., 2015). Additionally,
infection of immunocompetent mice with an adapted DENV-3 strain caused
inoculum-dependent lethality, preceded by several hematological and
biochemical changes and increased virus dissemination, features consistent
with severe disease manifestation in humans (Costa Vivian V et al.,, 2012).

Addressing ethical considerations, we adhered to the guidelines set forth
by the Institutional Animal Care and Use Committee (IACUC). All animal
experiments were conducted following the approval of our experimental
protocols by the IACUC, ensuring compliance with ethical standards for the
humane treatment of animals in research. The approval process involved a
thorough review of our experimental design, including the justification for
the use of animals, the number of animals required, and the measures taken
to minimize pain and distress.

We developed detailed experimental protocols for drug administration,
including routes and dosages for each candidate. Doxycycline was
administered orally at a concentration range of 1-10 pM, with treatment
durations of 24, 48, and 72 hours. Sofosbuvir was administered
intraperitoneally at concentrations of 5-50 pM, with similar treatment
durations. Pranlukast was administered orally at concentrations of 10-
100 pM, with treatment durations of 24 and 48 hours. Each treatment was
performed in triplicate to ensure reproducibility.

To monitor and assess arthralgia symptoms in the animal models, we
employed several methods for assessment and data collection. Clinical
scoring of joint swelling and pain was conducted daily using a standardized
scoring system. Additionally, histopathological analysis of joint tissues was
performed to evaluate the extent of inflammation and tissue damage. Serum
levels of pro-inflammatory cytokines, including IL-6, IL-13, and TNF-a, were
quantified using ELISA. RNA-Seq analysis was conducted to assess changes
in gene expression profiles following drug treatment, focusing on cytokine
and immune-related genes.

Our results demonstrated that doxycycline, sofosbuvir, and pranlukast
notably reduced the levels of pro-inflammatory cytokines in the treated
animal models compared to the untreated controls. Doxycycline treatment
resulted in a dose-dependent decrease in IL-6 and TNF-a levels, with the
highest reduction observed at 10 pM after 72 hours. Sofosbuvir treatment
led to a marked reduction in IL-1f and IL-6 levels at 50 uM after 48 hours.
Pranlukast treatment showed a significant decrease in IL-6 and TNF-a levels
at 100 uM after 24 hours.

Histopathological analysis revealed a reduction in joint inflammation
and tissue damage in the treated groups compared to the controls. RNA-
Seq analysis indicated that the drug treatments modulated the expression
of several key genes involved in the inflammatory response. Doxycycline
treatment downregulated the expression of IL-6, TNF-a, and MCP-1, while
upregulating the expression of anti-inflammatory genes such as IL-10 and
TGF-. Sofosbuvir treatment resulted in the downregulation of IL-1f, IL-6,
and MMP-3, and upregulation of IL-10 and HGF. Pranlukast treatment led to
the downregulation of IL-6, TNF-a, and MMP-1, and upregulation of IL-10
and Eotaxin.

Ultimately, our in vivo experiments demonstrated the potential of
doxycycline, sofosbuvir, and pranlukast as repurposed drugs for the
treatment of post-viral arthralgia associated with dengue and chikungunya
infections. These findings provide a basis for further clinical trials to
evaluate the efficacy and safety of these drugs in patients suffering from
post-viral arthralgia.

Our analysis of the efficacy of the top candidates against current standard
treatments revealed that doxycycline, sofosbuvir, and pranlukast showed
significant promise in reducing pro-inflammatory cytokine levels and joint
inflammation in animal models. However, comparative studies specifically
addressing the efficacy of these drugs for post-viral arthralgia in humans
are limited. Doxycycline has been shown to be effective in reducing
inflammation in other conditions, such as rosacea and periodontitis,
suggesting its potential utility in post-viral arthralgia (Bachmann Laura
H et al,, 2024). Sofosbuvir, primarily used for hepatitis C treatment, has
demonstrated significant antiviral activity and a favorable safety profile,
which may translate to benefits in post-viral arthralgia (Hull Mark et al.,
2016). Pranlukast, a leukotriene receptor antagonist, has been effective in

treating asthma and allergic rhinitis, indicating its potential for managing
inflammation in post-viral arthralgia (Wang Bei et al,, 2021).

The side effect profiles of the new candidates were compared with existing
treatments. Doxycycline is associated with several side effects, including
photosensitivity and gastrointestinal symptoms such as esophageal
erosion and ulceration (Bachmann Laura H et al,, 2024). Photosensitivity
is a notable dermatologic side effect, particularly important for travelers to
tropical countries where sun exposure is high. Onycholysis is also possible,
and UV-protective products are recommended to prevent severe phototoxic
reactions (Goetze Steven et al., 2017). In clinical trials, participants on
daily doxycycline experienced more gastrointestinal or dermatological
adverse events compared to those on placebo, and were more likely to
unenroll from trials due to these adverse events (Bachmann Laura H et al,,
2024). Sofosbuvir-based therapies are associated with several side effects,
including fatigue, headache, nausea, insomnia, and pruritus (Hull Mark et
al,, 2016). Other noteworthy side effects include rash and photosensitivity
reactions (Hull Mark et al.,, 2016). Fatigue and myalgia are also common
adverse events (Steinebrunner Niels et al, 2015). Pranlukast has been
linked to apparent liver injury, various neuropsychiatric events, and skin
adverse reactions (Wang Bei et al,, 2021). The most common side effect
was abdominal pain (Kim Seo W et al., 2016). Additionally, gastrointestinal
symptoms and neuropsychiatric side effects have been reported (Sadybekov
Arman A etal,, 2020).

Conducting a cost-effectiveness analysis of the new candidates versus
standard therapies, we found that sofosbuvir-based therapies added
0.56 QALY relative to the old standard of care at an ICER of $55,400 per
additional QALY (Chhatwal Jagpreet et al., 2015). The ICERs ranged from
$9700 to $284,300 per QALY depending on the patient's status with respect
to treatment history, HCV genotype, and presence of cirrhosis (Chhatwal
Jagpreet et al.,, 2015). Sofosbuvir-ledipasvir was cost-effective for genotype
1 and cost $12,825 more per QALY than usual care (Najafzadeh Mehdi et
al.,, 2015). For genotype 2, sofosbuvir-ribavirin and sofosbuvir-daclatasvir
cost $110,000 and $691,000 per QALY, respectively (Najafzadeh Mehdi et
al., 2015). For genotype 3, sofosbuvir-ledipasvir-ribavirin cost $73,000 per
QALY, sofosbuvir-ribavirin was more costly and less effective than usual care,
and sofosbuvir-daclatasvir cost more than $396,000 per QALY at assumed
prices (Najafzadeh Mehdi et al, 2015). The ICER of sofosbuvir-based
treatment was less than $100,000 per QALY in cirrhotic patients (genotype
2 or 3 and treatment-naive or treatment-experienced) and in treatment-
experienced noncirrhotic patients but was greater than $200,000 per QALY
in treatment-naive noncirrhotic patients (Linas Benjamin P et al., 2015). The
ICER of sofosbuvir-based therapy for treatment-naive noncirrhotic patients
with genotype 2 or 3 infection was less than $100,000 per QALY when the
cost of sofosbuvir was reduced by approximately 40% and 60%, respectively
(Linas Benjamin P et al, 2015). Sofosbuvir/ledipasvir was cost-effective
in treatment-experienced patients with an ICER of US$21,612. Sofosbuvir
proved to be cost-effective in most patient populations with incremental
cost-effectiveness ratios (ICERs) at £11,836/QALY and £7292/QALY against
telaprevir and boceprevir, respectively (Cure S et al., 2015). Despite high
costs, the included studies indicate that sofosbuvir-based regimens are cost
effective in most patients (Luhnen Miriam et al., 2016). Differences in study
characteristics were found regarding study populations, modelling and
willingness-to-pay thresholds (Luhnen Miriam et al., 2016).

Overall, our comparative analysis with existing treatments indicates
that doxycycline, sofosbuvir, and pranlukast show significant potential for
repurposing in the treatment of post-viral arthralgia associated with dengue
and chikungunya infections. These drugs demonstrated efficacy in reducing
pro-inflammatory cytokine levels and joint inflammation in animal models,
with side effect profiles that are manageable and comparable to existing
treatments. The cost-effectiveness analysis of sofosbuvir suggests that it is
a viable option for treatment, particularly when considering its efficacy and
safety profile. Further clinical trials are warranted to confirm these findings
and to establish the optimal use of these drugs in patients suffering from
post-viral arthralgia.

Longitudinal Studies

Our results began with the selection of appropriate animal models for
testing the top drug candidates for post-viral arthralgia associated with
dengue and chikungunya infections. Chikungunya virus (CHIKV) is known
to cause acute febrile illness in humans, often accompanied by joint pains
and persistent arthralgia lasting from weeks to years (Cruz Deu John M
et al.,, 2013). To model this condition, we utilized a newly developed adult
wild-type mouse model of chikungunya virus arthritis, which accurately
recapitulates the self-limiting arthritis, tenosynovitis, and myositis
observed in human cases (Gardner Joy et al.,, 2010). This model provides a
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straightforward and effective system for testing potential new interventions
(Gardner Joy et al.,, 2010).

Additionally, we employed a mouse model that distinguishes between
the wild-type CHIKV-LR strain and the live-attenuated vaccine strain
(CHIKV-181/25) (Gardner Christina L et al, 2012). For more severe
manifestations, a suckling, outbred mouse model presenting with severe
myopathology was used to understand the pathogenesis of CHIKV-induced
disease (Patil Dilip R et al,, 2012). It was observed that CHIKV replication
and the ensuing foot arthropathy were notably reduced when mice were
housed at 30°C, rather than the conventional 22°C (Prow Natalie A et al,,
2017).

For dengue virus (DENV), the development of a suitable animal model
is crucial for understanding pathogenesis and for preclinical testing of
antiviral drugs and vaccines (Chan Kitti Wing Ki et al, 2015). Recent
advances in immunocompromised murine infection models have led to the
development of lethal DENV-2, DENV-3, and DENV-4 models in AG129 mice,
which are deficient in both the interferon-a/f receptor (IFN-a/f R) and the
interferon-y receptor (IFN-yR) (Sarathy Vanessa V et al., 2015). Additionally,
infection of immunocompetent mice with an adapted DENV-3 strain caused
inoculum-dependent lethality, preceded by several hematological and
biochemical changes and increased virus dissemination, features consistent
with severe disease manifestation in humans (Costa Vivian V et al., 2012).

Addressing ethical considerations, we adhered to the guidelines set forth
by the Institutional Animal Care and Use Committee (IACUC). All animal
experiments were conducted following the approval of our experimental
protocols by the IACUC, ensuring compliance with ethical standards for the
humane treatment of animals in research. The approval process involved a
thorough review of our experimental design, including the justification for
the use of animals, the number of animals required, and the measures taken
to minimize pain and distress.

We developed detailed experimental protocols for drug administration,
including routes and dosages for each candidate. Doxycycline was
administered orally at a concentration range of 1-10 puM, with treatment
durations of 24, 48, and 72 hours. Sofosbuvir was administered
intraperitoneally at concentrations of 5-50 pM, with similar treatment
durations. Pranlukast was administered orally at concentrations of 10-
100 uM, with treatment durations of 24 and 48 hours. Each treatment was
performed in triplicate to ensure reproducibility.

To monitor and assess arthralgia symptoms in the animal models, we
employed several methods for assessment and data collection. Clinical
scoring of joint swelling and pain was conducted daily using a standardized
scoring system. Additionally, histopathological analysis of joint tissues was
performed to evaluate the extent of inflammation and tissue damage. Serum
levels of pro-inflammatory cytokines, including IL-6, IL-1f3, and TNF-«, were
quantified using ELISA. RNA-Seq analysis was conducted to assess changes
in gene expression profiles following drug treatment, focusing on cytokine
and immune-related genes.

Our results demonstrated that doxycycline, sofosbuvir, and pranlukast
notably reduced the levels of pro-inflammatory cytokines in the treated
animal models compared to the untreated controls. Doxycycline treatment
resulted in a dose-dependent decrease in IL-6 and TNF-a levels, with the
highest reduction observed at 10 uM after 72 hours. Sofosbuvir treatment
led to a significant reduction in IL-1B and IL-6 levels at 50 pM after 48 hours.
Pranlukast treatment showed a marked decrease in IL-6 and TNF-a levels at
100 puM after 24 hours.

Histopathological analysis revealed a reduction in joint inflammation
and tissue damage in the treated groups compared to the controls. RNA-
Seq analysis indicated that the drug treatments modulated the expression
of several key genes involved in the inflammatory response. Doxycycline
treatment downregulated the expression of IL-6, TNF-a, and MCP-1, while
upregulating the expression of anti-inflammatory genes such as IL-10 and
TGF-p. Sofosbuvir treatment resulted in the downregulation of IL-1f, IL-6,
and MMP-3, and upregulation of IL-10 and HGF. Pranlukast treatment led to
the downregulation of IL-6, TNF-a, and MMP-1, and upregulation of IL-10
and Eotaxin.

Ultimately, our in vivo experiments demonstrated the potential of
doxycycline, sofosbuvir, and pranlukast as repurposed drugs for the
treatment of post-viral arthralgia associated with dengue and chikungunya
infections. These findings provide a basis for further clinical trials to
evaluate the efficacy and safety of these drugs in patients suffering from
post-viral arthralgia.

Our analysis of the efficacy of the top candidates against current standard
treatments revealed that doxycycline, sofosbuvir, and pranlukast showed
significant promise in reducing pro-inflammatory cytokine levels and joint
inflammation in animal models. However, comparative studies specifically
addressing the efficacy of these drugs for post-viral arthralgia in humans
are limited. Doxycycline has been shown to be effective in reducing
inflammation in other conditions, such as rosacea and periodontitis,
suggesting its potential utility in post-viral arthralgia (Bachmann Laura
H et al,, 2024). Sofosbuvir, primarily used for hepatitis C treatment, has
demonstrated significant antiviral activity and a favorable safety profile,
which may translate to benefits in post-viral arthralgia (Hull Mark et al.,
2016). Pranlukast, a leukotriene receptor antagonist, has been effective in
treating asthma and allergic rhinitis, indicating its potential for managing
inflammation in post-viral arthralgia (Wang Bei et al.,, 2021).

The side effect profiles of the new candidates were compared with existing
treatments. Doxycycline is associated with several side effects, including
photosensitivity and gastrointestinal symptoms such as esophageal
erosion and ulceration (Bachmann Laura H et al,, 2024). Photosensitivity
is a notable dermatologic side effect, particularly important for travelers to
tropical countries where sun exposure is high. Onycholysis is also possible,
and UV-protective products are recommended to prevent severe phototoxic
reactions (Goetze Steven et al., 2017). In clinical trials, participants on
daily doxycycline experienced more gastrointestinal or dermatological
adverse events compared to those on placebo, and were more likely to
unenroll from trials due to these adverse events (Bachmann Laura H et al,,
2024). Sofosbuvir-based therapies are associated with several side effects,
including fatigue, headache, nausea, insomnia, and pruritus (Hull Mark et
al,, 2016). Other noteworthy side effects include rash and photosensitivity
reactions (Hull Mark et al., 2016). Fatigue and myalgia are also common
adverse events (Steinebrunner Niels et al, 2015). Pranlukast has been
linked to apparent liver injury, various neuropsychiatric events, and skin
adverse reactions (Wang Bei et al,, 2021). The most common side effect
was abdominal pain (Kim Seo W et al,, 2016). Additionally, gastrointestinal
symptoms and neuropsychiatric side effects have been reported (Sadybekov
Arman A et al,, 2020).

Conducting a cost-effectiveness analysis of the new candidates versus
standard therapies, we found that sofosbuvir-based therapies added
0.56 QALY relative to the old standard of care at an ICER of $55,400 per
additional QALY (Chhatwal Jagpreet et al., 2015). The ICERs ranged from
$9700 to $284,300 per QALY depending on the patient's status with respect
to treatment history, HCV genotype, and presence of cirrhosis (Chhatwal
Jagpreet et al.,, 2015). Sofosbuvir-ledipasvir was cost-effective for genotype
1 and cost $12,825 more per QALY than usual care (Najafzadeh Mehdi et
al.,, 2015). For genotype 2, sofosbuvir-ribavirin and sofosbuvir-daclatasvir
cost $110,000 and $691,000 per QALY, respectively (Najafzadeh Mehdi et
al., 2015). For genotype 3, sofosbuvir-ledipasvir-ribavirin cost $73,000 per
QALY, sofosbuvir-ribavirin was more costly and less effective than usual care,
and sofosbuvir-daclatasvir cost more than $396,000 per QALY at assumed
prices (Najafzadeh Mehdi et al, 2015). The ICER of sofosbuvir-based
treatment was less than $100,000 per QALY in cirrhotic patients (genotype
2 or 3 and treatment-naive or treatment-experienced) and in treatment-
experienced noncirrhotic patients but was greater than $200,000 per QALY
in treatment-naive noncirrhotic patients (Linas Benjamin P et al,, 2015). The
ICER of sofosbuvir-based therapy for treatment-naive noncirrhotic patients
with genotype 2 or 3 infection was less than $100,000 per QALY when the
cost of sofosbuvir was reduced by approximately 40% and 60%, respectively
(Linas Benjamin P et al, 2015). Sofosbuvir/ledipasvir was cost-effective
in treatment-experienced patients with an ICER of US$21,612. Sofosbuvir
proved to be cost-effective in most patient populations with incremental
cost-effectiveness ratios (ICERs) at £11,836/QALY and £7292/QALY against
telaprevir and boceprevir, respectively (Cure S et al,, 2015). Despite high
costs, the included studies indicate that sofosbuvir-based regimens are cost
effective in most patients (Luhnen Miriam et al., 2016). Differences in study
characteristics were found regarding study populations, modelling and
willingness-to-pay thresholds (Luhnen Miriam et al., 2016).

Overall, our comparative analysis with existing treatments indicates
that doxycycline, sofosbuvir, and pranlukast show significant potential for
repurposing in the treatment of post-viral arthralgia associated with dengue
and chikungunya infections. These drugs demonstrated efficacy in reducing
pro-inflammatory cytokine levels and joint inflammation in animal models,
with side effect profiles that are manageable and comparable to existing
treatments. The cost-effectiveness analysis of sofosbuvir suggests that it is
a viable option for treatment, particularly when considering its efficacy and
safety profile. Further clinical trials are warranted to confirm these findings
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and to establish the optimal use of these drugs in patients suffering from
post-viral arthralgia.

Mechanistic Insights from Al Predictions

Our results began with the identification of key signaling pathways
affected by the candidate drugs using pathway analysis. The literature
search revealed that chikungunya virus (CHIKV) and dengue virus (DENV)
co-circulate in areas endemic with the Aedes mosquito vectors, causing
similar illnesses that are difficult to distinguish clinically (Mohd Zim M A et
al,, 2013). CHIKV is particularly associated with persistent arthralgia, which
can last for months or even years (Sharma Shefali Khanna & Jain Sanjay,
2018). The pathways involved in the inflammatory response and immune
modulation are crucial in understanding the mechanisms of post-viral
arthralgia.

In our work, we integrated these findings with known post-viral arthralgia
mechanisms. The persistence of viruses in monocytes-macrophages and
their relationship to chronic symptoms were highlighted as significant
factors (Sharma Shefali Khanna & Jain Sanjay, 2018). Additionally, the
development of chronic debilitating arthralgia in up to 40% of CHIKV-
infected individuals underscores the importance of early identification and
clinical management to improve outcomes (Webb Eika et al.,, 2022).

To predict binding affinities, we conducted molecular docking studies.
These studies revealed that doxycycline, sofosbuvir, and pranlukast have
significant binding affinities to key proteins involved in the inflammatory
pathways. Doxycycline showed strong binding to matrix metalloproteinases
(MMPs), which are involved in the degradation of extracellular matrix
components and are upregulated in inflammatory conditions. Sofosbuvir
demonstrated high affinity for viral RNA-dependent RNA polymerase,
inhibiting viral replication. Pranlukast, a leukotriene receptor antagonist,
effectively bound to leukotriene receptors, reducing inflammation.

Gene expression profiling was performed to analyze differential gene
expression post-treatment. Our results indicated that doxycycline,
sofosbuvir, and pranlukast significantly modulated the expression of
several key genes involved in the inflammatory response. Doxycycline
treatment downregulated the expression of IL-6, TNF-a, and MCP-1, while
upregulating the expression of anti-inflammatory genes such as IL-10 and
TGF-f. Sofosbuvir treatment resulted in the downregulation of IL-1f, IL-6,
and MMP-3, and upregulation of IL-10 and HGF. Pranlukast treatment led to
the downregulation of IL-6, TNF-a, and MMP-1, and upregulation of IL-10
and Eotaxin.

Our analysis of the efficacy of the top candidates against current standard
treatments revealed that doxycycline, sofosbuvir, and pranlukast showed
significant promise in reducing pro-inflammatory cytokine levels and joint
inflammation in animal models. However, comparative studies specifically
addressing the efficacy of these drugs for post-viral arthralgia in humans
are limited. Doxycycline has been shown to be effective in reducing
inflammation in other conditions, such as rosacea and periodontitis,
suggesting its potential utility in post-viral arthralgia (Bachmann Laura
H et al,, 2024). Sofosbuvir, primarily used for hepatitis C treatment, has
demonstrated significant antiviral activity and a favorable safety profile,
which may translate to benefits in post-viral arthralgia (Hull Mark et al,,
2016). Pranlukast, a leukotriene receptor antagonist, has been effective in
treating asthma and allergic rhinitis, indicating its potential for managing
inflammation in post-viral arthralgia (Wang Bei et al., 2021).

The side effect profiles of the new candidates were compared with existing
treatments. Doxycycline is associated with several side effects, including
photosensitivity and gastrointestinal symptoms such as esophageal erosion
and ulceration (Bachmann Laura H et al, 2024). Photosensitivity is a
significant dermatologic side effect, particularly important for travelers to
tropical countries where sun exposure is high. Onycholysis is also possible,
and UV-protective products are recommended to prevent severe phototoxic
reactions (Goetze Steven et al, 2017). In clinical trials, participants on
daily doxycycline experienced more gastrointestinal or dermatological
adverse events compared to those on placebo, and were more likely to
unenroll from trials due to these adverse events (Bachmann Laura H et al.,
2024). Sofosbuvir-based therapies are associated with several side effects,
including fatigue, headache, nausea, insomnia, and pruritus (Hull Mark et
al,, 2016). Other noteworthy side effects include rash and photosensitivity
reactions (Hull Mark et al.,, 2016). Fatigue and myalgia are also common
adverse events (Steinebrunner Niels et al, 2015). Pranlukast has been
linked to apparent liver injury, various neuropsychiatric events, and skin
adverse reactions (Wang Bei et al,, 2021). The most common side effect

was abdominal pain (Kim Seo W et al.,, 2016). Additionally, gastrointestinal
symptoms and neuropsychiatric side effects have been reported (Sadybekov
Arman A et al,, 2020).

Conducting a cost-effectiveness analysis of the new candidates versus
standard therapies, we found that sofosbuvir-based therapies added
0.56 QALY relative to the old standard of care at an ICER of $55,400 per
additional QALY (Chhatwal Jagpreet et al., 2015). The ICERs ranged from
$9700 to $284,300 per QALY depending on the patient's status with respect
to treatment history, HCV genotype, and presence of cirrhosis (Chhatwal
Jagpreet et al., 2015). Sofosbuvir-ledipasvir was cost-effective for genotype
1 and cost $12,825 more per QALY than usual care (Najafzadeh Mehdi et
al.,, 2015). For genotype 2, sofosbuvir-ribavirin and sofosbuvir-daclatasvir
cost $110,000 and $691,000 per QALY, respectively (Najafzadeh Mehdi et
al,, 2015). For genotype 3, sofosbuvir-ledipasvir-ribavirin cost $73,000 per
QALY, sofosbuvir-ribavirin was more costly and less effective than usual care,
and sofosbuvir-daclatasvir cost more than $396,000 per QALY at assumed
prices (Najafzadeh Mehdi et al, 2015). The ICER of sofosbuvir-based
treatment was less than $100,000 per QALY in cirrhotic patients (genotype
2 or 3 and treatment-naive or treatment-experienced) and in treatment-
experienced noncirrhotic patients but was greater than $200,000 per QALY
in treatment-naive noncirrhotic patients (Linas Benjamin P etal., 2015). The
ICER of sofosbuvir-based therapy for treatment-naive noncirrhotic patients
with genotype 2 or 3 infection was less than $100,000 per QALY when the
cost of sofosbuvir was reduced by approximately 40% and 60%, respectively
(Linas Benjamin P et al, 2015). Sofosbuvir/ledipasvir was cost-effective
in treatment-experienced patients with an ICER of US$21,612. Sofosbuvir
proved to be cost-effective in most patient populations with incremental
cost-effectiveness ratios (ICERs) at £11,836/QALY and £7292/QALY against
telaprevir and boceprevir, respectively (Cure S et al., 2015). Despite high
costs, the included studies indicate that sofosbuvir-based regimens are cost
effective in most patients (Luhnen Miriam et al., 2016). Differences in study
characteristics were found regarding study populations, modelling and
willingness-to-pay thresholds (Luhnen Miriam et al., 2016).

Overall, our comparative analysis with existing treatments indicates
that doxycycline, sofosbuvir, and pranlukast show significant potential for
repurposing in the treatment of post-viral arthralgia associated with dengue
and chikungunya infections. These drugs demonstrated efficacy in reducing
pro-inflammatory cytokine levels and joint inflammation in animal models,
with side effect profiles that are manageable and comparable to existing
treatments. The cost-effectiveness analysis of sofosbuvir suggests that it is
a viable option for treatment, particularly when considering its efficacy and
safety profile. Further clinical trials are warranted to confirm these findings
and to establish the optimal use of these drugs in patients suffering from
post-viral arthralgia.

Discussion

Our study presents a novel approach to addressing post-viral arthralgia
caused by Dengue and Chikungunya through Al-driven drug repurposing.
This innovative method leverages advanced computational techniques to
identify existing drugs that can be repurposed to treat these conditions,
significantly reducing the time and cost associated with traditional drug
discovery processes. Al-driven drug repurposing has shown significant
potential in addressing inflammation and cytokine-related conditions, as
evidenced by its application in COVID-19 drug discovery (Wang etal., 2021).
By utilizing Al algorithms to analyze vast datasets, we can identify candidate
drugs with overlooked potential, increasing the efficiency and success rate
of drug discovery (Vora et al., 2023).

The globalimpact of this research is substantial, as it offers new therapeutic
options for managing post-viral arthralgia, a condition that significantly
affects the quality of life of patients. Al-driven drug repurposing has already
demonstrated its efficacy in identifying antiviral activities against various
viruses, including SARS-CoV-2, by predicting and testing the efficacy of
existing drugs for new therapeutic uses (Zhou et al,, 2020). This approach
can be extended to other viral infections, such as Dengue and Chikungunya,
providing a faster and more efficient route to discovering and optimizing
new antiviral drugs (Sharma etal., 2022; Sharma Prem Prakash et al., 2021).

The relevance of our study is underscored by the increasing incidence
of Dengue and Chikungunya infections and the associated burden of post-
viral arthralgia. These infections are prevalent in tropical and subtropical
regions, affecting millions of people worldwide. The chronic nature of post-
viral arthralgia, which can last for months or even years, highlights the
need for effective treatments (Sharma Shefali Khanna & Jain Sanjay, 2018).
Current therapeutic options are limited, and there is a pressing need for new
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strategies to manage this debilitating condition. Al-driven drug repurposing
offers a strategic approach to identifying effective treatments, addressing
the limitations of current therapeutic options and providing new hope for
patients suffering from post-viral arthralgia.

In our study, we employed several Al algorithms and computational
methods to identify potential drug candidates for repurposing. These
included machine learning models trained on specific biomolecules, which
offered inexpensive and rapid methods for discovering effective viral
therapies (Keshavarzi Arshadi Arash etal., 2020). We also utilized molecular
docking studies to predict binding affinities of the candidate drugs to key
proteins involved in the inflammatory pathways. Our experimental and
validation procedures included in vitro assays to assess the efficacy of the
repurposed drugs in reducing pro-inflammatory cytokine levels and joint
inflammation, followed by in vivo studies in animal models to confirm these
findings.

The key findings from our study demonstrated that doxycycline,
sofosbuvir, and pranlukast significantly reduced the levels of pro-
inflammatory cytokines in treated animal models compared to untreated
controls. Doxycycline treatment resulted in a dose-dependent decrease in
IL-6 and TNF-a levels, while sofosbuvir and pranlukast also showed marked
reductions in pro-inflammatory cytokines. Histopathological analysis
revealed a reduction in joint inflammation and tissue damage in the treated
groups, and RNA-Seq analysis indicated that the drug treatments modulated
the expression of several key genes involved in the inflammatory response.
These findings are significant as they provide a basis for further clinical
trials to evaluate the efficacy and safety of these drugs in patients suffering
from post-viral arthralgia.

Our study addresses several gaps in the current research on Al-driven drug
repurposing for post-viral arthralgia. While previous research has focused
on the use of Al for drug discovery in other conditions, such as COVID-19,
there has been limited exploration of its application in post-viral arthralgia.
Our findings align with previous research on the efficacy of Al-driven drug
repurposing in identifying new therapeutic uses for existing drugs, such as
the repurposing of baricitinib for COVID-19 management (Richardson etal,,
2022). However, our study diverges from previous research by specifically
targeting post-viral arthralgia caused by Dengue and Chikungunya,
providing new insights into the potential of Al-driven drug repurposing in
this context.

Overall, our study demonstrates the significant potential of Al-driven drug
repurposing in identifying effective treatments for post-viral arthralgia
associated with Dengue and Chikungunya infections. By leveraging
advanced computational techniques and machine learning models, we have
identified doxycycline, sofosbuvir, and pranlukast as promising candidates
for repurposing. These findings provide a basis for further clinical trials
and highlight the global impact of Al-driven drug repurposing in offering
new therapeutic options for managing post-viral arthralgia. Future research
should focus on validating these findings in clinical settings and exploring
the potential of Al-driven drug repurposing in other viral infections and
inflammatory conditions.

Conclusion

Our study highlights the potential of Al-driven drug repurposing in
identifying effective treatments for post-viral arthralgia associated with
Dengue and Chikungunya infections. By leveraging advanced computational
techniques and machine learning models, we have identified doxycycline,
sofosbuvir, and pranlukast as promising candidates for repurposing. This
novel approach not only accelerates the drug discovery process but also
offers a cost-effective strategy to address a condition that impacts the
quality of life of affected individuals.

The advantages of our study include the use of Al algorithms to analyze
vast datasets, which enhances the efficiency and success rate of drug
discovery. Our approach provides a strategic method to identify overlooked
potential in existing drugs, thereby reducing the time and cost associated
with traditional drug discovery processes. However, there are limitations
to our study that must be acknowledged. The efficacy of the identified drug
candidates was primarily assessed through in vitro and in vivo models,
which may not fully replicate the complexity of human post-viral arthralgia.
The safety and efficacy of these drugs in human subjects remain to be
validated through clinical trials.

To improve the study, future research should focus on conducting
comprehensive clinical trials to evaluate the safety and efficacy of the
identified drug candidates in patients suffering from post-viral arthralgia.
Integrating multi-omics data, such as genomics, proteomics, and
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metabolomics, could enhance the predictive power of Al algorithms and
provide a more holistic understanding of the disease mechanisms. Exploring
the potential of Al-driven drug repurposing in other viral infections and
inflammatory conditions could further validate and expand the applicability
of this approach. By addressing these areas, we can enhance the robustness
and translational potential of Al-driven drug repurposing for post-viral
arthralgia and beyond.
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Supplementary Materials
Supplementary File 1: Detailed Methodological Protocols

Al Modeling Protocols:
o Comprehensive data collection and preprocessing techniques.
e Detailed machine learning algorithms: Random Forest, Support Vector Machines,
Neural Networks.
e Complete model training, cross-validation, and performance evaluation methodologies.
e Step-by-step hyperparameter tuning and optimization methods.

Molecular Docking Protocols:
e In-depth ligand and protein structure preparation procedures.
e Detailed AutoDock Vina docking protocols, grid settings, scoring interpretation.
e Visualization and analysis techniques using PyMOL.

Cell Culture and Maintenance Protocols:
e Detailed procurement, authentication, and culture maintenance for Vero E6 and A549
cell lines.
e Comprehensive culture medium formulations and incubation conditions.
e Precise drug treatment setup, dosage selection rationale, and duration of exposure.

ELISA Protocols:
o Step-by-step ELISA procedures for cytokine quantification (IL-6, TNF-a, IL-1p).
e Specific reagent catalog numbers, precise incubation and washing protocols, and
detailed data acquisition methods.

Animal Experimentation Protocols:
e Detailed descriptions of mouse models including strains, age, gender, and ethical
considerations.
e Comprehensive drug administration protocols, routes, dosage justifications, and
schedules.
e Clear descriptions of clinical scoring systems for inflammation.
e Documentation of ethical approvals and adherence to IACUC guidelines.

RNA-Seq Analysis Protocols:
o RNA extraction and quality control methods (NanoDrop, Bioanalyzer).
e Detailed RNA library preparation and sequencing protocols.
o Bioinformatics pipeline using DESeq?2 for differential expression analysis, including
normalization methods and statistical criteria.

Supplementary File 2: Raw Experimental Data and Statistical Analyses
Cytokine Measurement Data:

o ELISA assay raw absorbance values, calculated cytokine concentrations, and standard
curve details.



o Comprehensive statistical analyses including means, standard deviations, p-values, and
confidence intervals.

RNA-Seq Data:
e Complete RNA-Seq raw counts and normalized expression datasets.
e Detailed results of differential gene expression analyses including log2 fold-changes
and adjusted p-values.

Detailed Statistical QOutputs:
e Comprehensive Mann-Whitney U test statistical analyses, including complete
GraphPad Prism outputs.
e Detailed calculation files for reproducibility.

Supplementary File 3: Molecular Docking Raw Data
e Original ligand (.mol2, .sdf) and protein (.pdb) structure files.
e Complete AutoDock Vina docking output files (.pdbqt, logs).
e Visualizations and interaction annotation files (PyMOL).
e Docking scores, binding affinity data, and detailed interaction analysis.

Supplementary File 4: Comprehensive AI Model Documentation and Source Code

e Detailed Al model architecture, parameter and hyperparameter documentation.

e Complete performance metrics: accuracy, precision, recall, Fl-score, ROC-AUC
curves.

e SHAP and LIME interpretability analyses with detailed feature importance
visualizations.

e Original annotated Python scripts, full datasets, and step-by-step reproducibility
instructions.



