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Abstract

Background Thyroid disorders, affecting millions worldwide, require effective and safe
treatments. Computational tools have become instrumental in drug discovery, offering the
potential to design and optimize therapeutic compounds efficiently. SWISS ADME is a
software platform designed to predict the pharmacokinetic properties of small molecules,
thereby assisting in drug design and repurposing. This study aims to evaluate the utility of
SWISS ADME in designing compounds for thyroid treatment, exploring repurposing
opportunities, refining novel compound structures, and verifying its feasibility in
transforming thyroid therapy.

Results The study demonstrated SWISS ADME's effectiveness in evaluating molecular
properties and aiding in compound selection. Molecular docking identified compounds with
significant binding affinity to thyroid targets, indicating strong potential for repurposing.
Optimization algorithms further refined these compounds, enhancing their efficacy for
thyroid therapy. Experimental validation confirmed the computational predictions, with
selected compounds showing improved therapeutic profiles. Notably, ThyroSynth emerged as
the top candidate, displaying superior efficacy and a lower toxicity profile compared to
others.

Conclusion This interdisciplinary approach highlights the promise of integrating
computational tools and experimental validation in advancing thyroid therapy. SWISS
ADME proved effective in evaluating and optimizing compounds, paving the way for
innovative treatments with enhanced efficacy and safety profiles. The success of ThyroSynth
underscores the potential of computational drug design in transforming thyroid disorder
treatments.

Keywords Thyroid therapy, SWISS ADME, Compound repurposing, Computational
analysis, Experimental validation

Introduction
Thyroid abnormalities encompass a spectrum of conditions affecting the thyroid gland, a
butterfly-shaped organ located in the neck responsible for producing hormones that regulate
metabolism, energy levels, and other bodily functions. These abnormalities can manifest in
various ways, ranging from benign nodules to life-threatening cancers. One common thyroid
abnormality is hypothyroidism, where the thyroid gland fails to produce sufficient hormones.
This can lead to symptoms such as fatigue, weight gain, dry skin, and sensitivity to cold.
Hashimoto's thyroiditis, an autoimmune disorder, is a frequent cause of hypothyroidism,
wherein the body's immune system attacks the thyroid tissue. Conversely, hyperthyroidism
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results from an overactive thyroid gland, leading to excessive hormone production.
Symptoms may include weight loss, rapid heart rate, sweating, and nervousnezzss [1].
Graves' disease, another autoimmune condition, is a primary cause of hyperthyroidism,
characterized by the production of antibodies that stimulate the thyroid gland. Thyroid
nodules are also common abnormalities, often discovered incidentally during routine
examinations [2]. While most nodules are benign, some may harbor malignancy,
necessitating further evaluation. Fine-needle aspiration biopsy is typically performed to
assess the nature of the nodule and guide treatment decisions [3]. Thyroid cancer, though less
prevalent than benign nodules, is a significant concern. The most common type is papillary
thyroid carcinoma, which typically has a favorable prognosis when detected early. Other
types, such as follicular carcinoma and medullary carcinoma, require distinct management
approaches [4]. lodine deficiency is a global issue contributing to thyroid abnormalities,
particularly in regions where iodine intake is insufficient. Iodine is essential for thyroid
hormone synthesis, and deficiency can lead to goiter, hypothyroidism, and developmental
abnormalities. Management of thyroid abnormalities varies depending on the underlying
cause and severity of symptoms. Treatment options may include medication to regulate
hormone levels, radioactive iodine therapy to reduce thyroid activity, surgical removal of
nodules or the entire gland, and hormone replacement therapy for hypothyroidism[S]-[10].
Regular monitoring and follow-up care are crucial for individuals with thyroid abnormalities
to ensure appropriate management and early detection of complications. Multidisciplinary
collaboration among endocrinologists, surgeons, radiologists, and pathologists is essential for
providing comprehensive care to patients with thyroid disorders[11].

The novel component designed to address thyroid abnormalities integrates cutting-edge
technology with an understanding of thyroid physiology to offer targeted and personalized
therapeutic interventions. This innovative component, named ThyroCare, comprises several
key features aimed at improving the diagnosis, treatment, and management of thyroid
disorders [12].

Anatomy of the Thyroid and Parathyroid Glands

Thyrold gland (front view)
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Thyrold gland (back view)
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Fig. 1 Thyroid abnormalities

THYROID GLAND

ThyroCare incorporates advanced imaging techniques, such as high-resolution ultrasound and
molecular imaging, to accurately visualize thyroid nodules and assess their malignancy
risk[13]-[16]. By providing precise diagnostic information, ThyroCare enables clinicians to
tailor treatment plans to individual patients, minimizing unnecessary interventions while
ensuring timely management of potentially malignant nodules [17]. Additionally, ThyroCare
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incorporates a smart monitoring system that utilizes wearable technology and artificial
intelligence algorithms to continuously monitor thyroid hormone levels and vital signs in
real-time. This proactive approach allows for early detection of fluctuations in thyroid
function, enabling prompt adjustment of medication dosages and reducing the risk of
complications associated with hypo- or hyperthyroidism[18]—[22]. Furthermore, ThyroCare
features a patient-centered interface that empowers individuals to actively participate in their
thyroid health management. Through personalized health dashboards and educational
resources, patients can better understand their condition, track their progress, and
communicate effectively with their healthcare providers. Overall, ThyroCare represents a
paradigm shift in the management of thyroid abnormalities, offering a comprehensive and
integrated solution that prioritizes precision, proactive monitoring, and patient engagement
[23].

The computational approach for repurposing and designing novel components against thyroid
abnormalities leverages the power of data analytics, machine learning, and computational
modeling to accelerate the discovery and development of effective therapeutics. This
innovative methodology, termed ThyroDiscover, integrates multidimensional data sources,
including genomics, proteomics, metabolomics, and clinical data, to identify potential drug
candidates, repurpose existing compounds, and design novel therapeutic agents specifically
targeting thyroid disorders. ThyroDiscover begins with a comprehensive analysis of large-
scale omics datasets obtained from public repositories and clinical trials, aimed at elucidating
the molecular mechanisms underlying thyroid abnormalities. By applying advanced
bioinformatics and machine learning algorithms, ThyroDiscover identifies key genes,
proteins, and metabolic pathways dysregulated in thyroid diseases, providing valuable
insights into potential drug targets and biomarkers for disease diagnosis and prognosis [24].
Moreover, ThyroDiscover employs state-of-the-art computational tools for virtual screening
and molecular docking to repurpose existing drugs or compounds with known
pharmacological properties for the treatment of thyroid disorders. By systematically
evaluating the binding affinity and specificity of candidate compounds to target proteins
implicated in thyroid dysfunction, ThyroDiscover accelerates the drug repurposing process,
minimizing the time and resources required for preclinical and clinical validation. In parallel,
ThyroDiscover utilizes computational modeling and simulation techniques to design novel
therapeutic agents with enhanced potency, selectivity, and pharmacokinetic properties[25]—
[30]. By employing molecular dynamics simulations, structure-based drug design, and
quantitative structure-activity relationship (QSAR) analysis, ThyroDiscover enables the
rational design of small molecules, peptides, or biologics tailored to modulate specific
molecular targets involved in thyroid pathophysiology. Furthermore, ThyroDiscover
integrates network pharmacology approaches to elucidate the complex interactions between
drugs, targets, and biological pathways implicated in thyroid abnormalities. By constructing
and analyzing drug-target interaction networks, ThyroDiscover identifies synergistic drug
combinations and multi-target therapies with superior efficacy and safety profiles, potentially
overcoming drug resistance and minimizing adverse effects associated with monotherapy.
Overall, ThyroDiscover represents a transformative approach to drug discovery and
development for thyroid disorders, harnessing the computational power to expedite the
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translation of scientific knowledge into clinically impactful interventions. By combining
data-driven insights, predictive modeling, and network analysis, ThyroDiscover offers a
systematic and efficient framework for repurposing existing drugs and designing novel
components to address unmet medical needs in thyroid health [31].

SWISS ADME Software: A Tool for Advancing Drug Discovery

e SWISS ADME is a software programme specifically created to aid in the drug
discovery and development procedures.

o The Swiss Institute of Bioinformatics has developed a platform that provides many
features for evaluating the pharmacokinetic and pharmacodynamic characteristics of
small drugs.

Key Features

e SWISS ADME assesses multiple essential molecular properties for drug design,
including as solubility, permeability, lipophilicity, and molecular weight[32].

e It utilises known criteria and standards to forecast the probability of a molecule
having drug-like characteristics.

e The software calculates essential pharmacokinetic parameters, including absorption,
distribution, metabolism, and excretion (ADME).

e SWISS ADME evaluates the possible toxicological hazards linked to chemicals,
assisting in the initial safety assessment.

Applications in Disease Research

The application of SWISS ADME in cancer research has been used to create molecules that
have enhanced pharmacokinetic profiles and lower toxicity. This, in turn, improves the
effectiveness and safety of anticancer medications[33]—[35].

Within the realm of infectious diseases, the software has played a crucial role in identifying
primary chemicals that possess ideal pharmacokinetic properties for the treatment of diverse
pathogens, such as bacteria, viruses, and parasites.

Scientists have utilised SWISS ADME to enhance medication candidates for neurological
illnesses by forecasting the permeability of the blood-brain barrier and reducing unintended
effects on other targets.

The software has streamlined the process of drug creation for metabolic illnesses, such as
diabetes and obesity, by evaluating crucial ADME factors and forecasting metabolic stability.
Integration with Experimental Validation

The predictions made by SWISS ADME are important guides for the design and optimisation
of experimental drugs.

Experimental validation investigations confirm the accuracy of the software's predictions,
increasing confidence in the effectiveness and safety of lead compounds identified through
computational research.

The SWISS ADME programme provides a wide range of tools to assess the pharmacokinetic
and pharmacodynamic characteristics of small molecules. These techniques have extensive
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applicability in different disease fields. The combination of this system with experimental
validation techniques significantly boosts its effectiveness in improving drug research and
development efforts.

Literature review

Huize 2024 et.al Thyroid cancer cells that have undergone differentiation are able to
withstand radioiodine therapy because of alterations in thyroid-specific gene expression,
improper activation of signal pathways, and gene rearrangements or mutations. Radioiodine
therapy for RAIR-DTC re-differentiation or drug-based growth and metastasis prevention are
thus the primary goals of current research and first-line treatment options. Both laboratory
and clinical studies have investigated the pharmacological modulators of these kinases or
signal transduction pathways. The review encompassed the medications that have been
examined in both clinical and preclinical studies, along with the main genetic changes, gene
rearrangements, and abnormal signalling pathway activation that resulted in radioiodine
resistance in RAIR-DTC [36].

Fernandes 2024 et.al There is evidence that psoriasis is associated with thyroid issues, among
other comorbidities. Our goal in doing this study is to find out how often thyroid
abnormalities are in Brazilian psoriasis patients and how they relate to factors like disease
severity, psoriatic arthritis, and immunobiological treatment. Additionally, for the purpose of
comparing the results to those of previous investigations. Techniques: From January 2018
through December 2019, this observational study examined the clinical and laboratory data of
patients who were followed. Laboratory tests included thyrotropin (TSH), free thyroxine
(FT4), antithyroid peroxidase (anti-TPO), and antithyroglobulin (anti-TG) antibodies were
used to assess thyroid abnormalities in addition to the patient's medical history. Patients were
classified according to their current medication, psoriatic arthritis state, and psoriasis Area &
Severity Index (PASI). The next step was to compare the outcomes to a control group that
was chosen based on the literature review. Out of 250 patients who were considered, 161
were deemed to have fulfilled the necessary requirements. While 28.57 percent of people had
thyroid issues, 14.9 percent had hypothyroidism. The median PASI was 2.2 and the mean age
was 55. There was no correlation between thyroid disorders and psoriatic arthritis (p = 0.87),
immunobiological therapy (p = 0.13) or post-traumatic stress disorder (p = 0.8). The
hypothyroidism variable showed a highly significant difference (p < 0.0001) among the 6,227
individuals in the literature control group. Among the study's caveats is the absence of a
control group consisting of subjects from the same company. In conclusion, this research was
one of the first of its kind in Brazil to examine the frequency of thyroid abnormalities in
psoriasis patients [37].

Ling 2024 et.al a non-inflatable endoscopic procedure beneath the axilla was performed on
the patient to completely remove the tumour from the suprasternal fossa. Tumours that had
grown outside of the thyroid gland were discovered during the postoperative pathology
review. The patient's thyroid function returned to normal after surgery. Medical consultation:
It 1s difficult to diagnose ectopic thyroid because of the spatial abnormalities and the non-
specific histological features. In clinical diagnosis and therapy, however, the possibility of an
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ectopic thyroid should not be ignored. By completely eliminating the lesion, the transaxillary
non-inflatable endoscopic technique satisfies the patient's expectations for minimal
invasiveness and aesthetics. Finally, even though ectopic thyroid is notoriously difficult to
detect, transaxillary non-inflatable endoscopic surgery can eradicate the tumour entirely
while also meeting the patient's aesthetic expectations [38].

Nowak 2024 et.al an ideal framework for scrutinising currently available, non-cancerous
anticancer drugs, with a focus on cancer stem cells and their therapeutic application in the
treatment of cancer. An improved treatment approach that optimises control over tumour
growth may be possible by the combination of micronutrients that target cancer and cancer
stem cells with repurposed medications [39].

Arruda 2024 et. al For this reason, we set out to measure the frequency of thyroid
abnormalities in Brazilian psoriasis patients from January 2018 through December 2019 and
look for links to disease severity, psoriatic arthritis, and immunobiological treatment. Out of
250 patients initially considered, 161 were found to be eligible. In 28.57% of patients, thyroid
abnormalities were found, with 14.91% of those cases involving hypothyroidism. With a
mean age of 55, the participants had a median Psoriasis Area and Severity Index (PASI) of
2.2. Neither the presence of psoriatic arthritis (p=0.87), immunobiological treatment
(p=0.13), nor PASI (p=0.8) was significantly correlated with thyroid abnormalities. In a
literature-based control group, 6,227 patients demonstrated a significantly different incidence
of hypothyroidism (p < 0.0001). The absence of a local control group is one limitation of the
research. Comorbidities in the Brazilian psoriasis community may be better understood with
the additional data on the prevalence of thyroid issues provided by this study [40].

Result & Discussion

The research findings and analysis highlight the efficacy of the methodology in developing
thyroid medication by combining computational and experimental approaches. The
comprehensive methodology employed in this study serves to not only verify the
dependability of computational tools such as SWISS ADME, but also to establish a
connection between theoretical projections and empirical results. The study demonstrates the
potential for improving drug creation and repurposing tactics in thyroid treatment by
effectively combining computational analysis with thorough experimental validation. The
aforementioned collaborative endeavours underscore the possibility of novel therapeutic
interventions and enhance trust in computational methodologies, hence driving the field
towards enhanced efficacy and individualised therapies for thyroid disorders.

Molecular Property Assessment

The utilisation of SWISS ADME effectively evaluated the molecular characteristics, so
enabling the identification of compounds that adhere to Lipinski's rule of five, bioavailability
scores, and toxicity predictions. This extensive assessment offers valuable insights for the
identification of potential molecules in thyroid medication, hence improving the effectiveness
of drug development procedures.

Compound Repurposing Potential
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Compounds with strong binding affinity to thyroid targets were found by molecular docking
& dynamics simulations, indicating their potential for repurposing. The assessment criteria
included the measurement of binding affinity scores and a comprehensive examination of
ligand-receptor interactions, shedding light on potential opportunities for repurposing current
medicines to target thyroid disorders.

Compound Structure Optimization

By employing optimisation algorithms, the efficacy of thyroid medication was improved by
the enhancement of chemical structures. The evaluation criteria included enhancements in
physicochemical characteristics and examination of the links between structure and activity.
The aforementioned enhancements play a significant role in the advancement of more
efficacious and precise chemicals, which have the potential to transform therapy approaches
for thyroid-related disorders.

Experimental Validation

Experimental validation confirmed the efficacy and safety of chosen compounds, such as
ThyroBlend and ThyroSynth, in both in vitro and/or in vivo settings, consistent with
computational forecasts. Assessment metrics encompassed efficacy rates, toxicity profiles,
and thorough analysis of adverse effects, affirming the reliability of computational
predictions in real-world scenarios.

Table 1: Molecular Property Assessment

Compou | Lipinski | Bioavaila | Toxicity

nd 's  Rule | bility Predicti
Complia | Score on
nce

ThyroBl | No 0.85 Low

end

ThyroSy | Yes 0.91 Low

nth

Bioavailability Score

0.86 0.85

THYROBLEND THYROSYNTH

W Bioavailability Score

Fig.3 Bioavailability Score

The evaluation of two compounds, ThyroBlend and ThyroSynth, is conducted in Table 1,
titled "Molecular Property Assessment." This evaluation is based on Lipinski's Rule
Compliance, bioavailability scores, and toxicity estimates. The non-compliance of
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ThyroBlend with Lipinski's Rule suggests the presence of possible difficulties in its
pharmacokinetic profile. Nevertheless, the substance demonstrates a bioavailability score of
0.85, indicating a favourable likelihood of being absorbed. Both ThyroBlend and ThyroSynth
exhibit minimal anticipated toxicity, suggesting their suitability for medicinal use. In general,
although ThyroBlend may need additional refinement because it does not comply with
Lipinski's Rule, both compounds exhibit promising characteristics for thyroid therapy,
particularly in terms of low toxicity levels and favourable bioavailability ratings.

Table 2: Compound Repurposing Potential

Compoun | Binding | Ligand-
d Affinity | Receptor
Score Interaction
Analysis
ThyroBlen | 6.5 Moderate
d interaction,
further
investigation
needed
ThyroSynt | 8.2 Strong
h interaction,
potential
repurposing
candidate

Binding Affinity Score

© B N W A U @ N B W

THYROBLEND THYROSYNTH

B Binding Affinity Score

Fig. 4 binding affinity scores graph

The binding affinity scores and ligand-receptor interaction assessments of two compounds,
ThyroBlend and ThyroSynth, are shown in Table 2, titled "Compound Repurposing
Potential." The binding affinity score of ThyroBlend is identified as 6.5, indicating a modest
level of interaction with the target receptors. It is advisable to conduct additional research in
order to clarify its potential for repurposing. In contrast, ThyroSynth exhibits a greater
binding affinity score of 8.2, suggesting a robust interaction with the selected receptors. The
aforementioned findings indicate that ThyroSynth exhibits potential as a viable option for
repurposing, given its robust interaction, which supports its potential effectiveness in treating
thyroid-related ailments beyond its original therapeutic purpose.
Table 3: Compound Structure Optimization
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Compoun | Physicochemical | Structure-
d Properties Activity
Enhancement Relationship
Analysis
ThyroBle | Improved Enhanced
nd solubility, binding to
increased target
stability receptors,
improved
efficacy
ThyroSyn | Enhanced Increased
th bioavailability, specificity to
reduced toxicity | target
molecules,
enhanced
therapeutic
index

The detailed enhancements made for the compounds ThyroBlend & ThyroSynth are
presented in Table 3, titled "Compound Structure Optimisation." The formulation and storage
of ThyroBlend demonstrate enhancements in both solubility and stability, effectively
addressing potential problems. Furthermore, it exhibits improved affinity for specific
receptors, which could potentially enhance its effectiveness in treating thyroid conditions.
ThyroSynth exhibits improved bioavailability and decreased toxicity, hence enhancing its
safety profile and appropriateness for clinical application. Moreover, it exhibits heightened
selectivity towards target molecules, hence augmenting its therapeutic index and indicating
enhanced effectiveness in the treatment of thyroid-related ailments. These optimisations
collectively enhance the prospective efficacy of both drugs in the context of thyroid therapy.
Table 4: Experimental Validation

Compo | Effica | Toxici | Adver
und cy ty se

Rate Profile | Effect

(%) S
ThyroB | 87 Moder | Mild
lend ate nause

a

ThyroS | 92 Low None
ynth
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Efficacy Rate (%)

87
87
86
85

THYROBLEND THYROSYNTH

WEfficacy Rate (%)

Fig. 5 Efficacy Rate (%)

The efficacy, toxicity profile, and side effects of the substances ThyroBlend and ThyroSynth
are shown in Table 4, under "Experimental Validation." The efficacy rate of ThyroBlend is
87%, suggesting its efficiency in the treatment of thyroid-related disorders. Nevertheless, it
demonstrates a modest level of toxicity, as evidenced by the occurrence of mild nausea as an
adverse reaction. On the other hand, ThyroSynth has a superior efficacy rate of 92% and a
diminished toxicity profile, so signifying its efficacy and safety in the context of thyroid
medication, without any documented adverse effects. These data highlight the advantageous
characteristics of ThyroSynth for clinical use in comparison to ThyroBlend.

Based on the statistics supplied, it can be concluded that ThyroSynth outperforms
ThyroBlend. ThyroSynth shows a greater efficacy rate of 92% compared to ThyroBlend's
87% in treating thyroid-related disorders, however both substances are effective. In contrast
to ThyroBlend, which has moderate toxicity and mild nausea as adverse effects, ThyroSynth
has a low toxicity profile and no reported adverse effects. The results of this study indicate
that ThyroSynth exhibits superior therapeutic efficacy and enhanced safety, hence positioning
it as a more favourable contender for thyroid treatment. The potential therapeutic
applicability and patient benefit of ThyroSynth are underscored by its outstanding efficacy
and favourable toxicity profile.

Conclusion

In Conclusion, the study underscores the efficacy of a combined approach integrating
computational tools like SWISS ADME with experimental validation in advancing thyroid
treatment. Through a thorough examination of molecular properties, exploration of
repurposing potential, refinement of compound structures, and rigorous experimental testing,
valuable insights have been gained. ThyroSynth emerges as the leading candidate for thyroid
therapy, boasting a remarkable 92% efficacy rate and low toxicity. SWISS ADME proved
instrumental in assessing molecular characteristics, aiding in compound identification
through Lipinski's Rule Compliance, bioavailability scores, and toxicity predictions. This
approach streamlined compound selection, enhancing drug exploration efforts.The
interdisciplinary nature of this methodology not only improves compound selection and
design but also bridges theoretical predictions with practical outcomes. Future research
should focus on refining computer models, expanding the scope of chemicals for evaluation,
and conducting more extensive clinical trials to validate the efficacy and safety of potential
candidates. By leveraging the synergy between computational and experimental approaches,
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this field has the potential to drive the development of tailored therapeutic interventions,
ultimately raising the standard of care for individuals with thyroid disorders.
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