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ABSTRACT

Migraine disease is a prevalent neurological disorder that significantly impacts the quality of
life for millions of individuals worldwide. Despite the availability of conventional treatment
options, there remains a need for novel and effective therapeutic approaches. In recent years,
the use of herbal remedies has gained attention as a potential avenue for migraine
management. This study aims to employ an in silico approach to identify potential lead herbal
compounds for the treatment of migraine disease.
The research methodology involves a systematic literature review to gather existing knowledge
on herbal remedies for migraine. A comprehensive database of herbal compounds is created,
including their chemical properties and reported activities related to migraine. Molecular
targets implicated in migraine pathogenesis are selected based on their relevance and potential
therapeutic impact. Virtual screening techniques are then employed to evaluate the binding
affinities and interactions between the herbal compounds and selected molecular targets.
Additionally, ADMET prediction models are utilized to assess the pharmacokinetic properties
and potential safety concerns of the identified compounds.
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The findings from this study offer insights into the potential of herbal compounds as therapeutic
interventions for migraine disease. The virtual screening results provide a prioritized list of
compounds with favorable binding affinities to the selected molecular targets. Furthermore,
the ADMET predictions shed light on the compounds' pharmacokinetic profiles and safety

profiles.

Through this research, potential lead herbal compounds for migraine treatment can be
identified, which may contribute to the development of effective and safe therapeutic options.
The integration of in silico approaches in the early stages of drug discovery allows for efficient
screening and selection of compounds for further experimental validation. However, it is
essential to note that experimental validation and clinical trials are necessary to confirm the

efficacy and safety of the identified lead compounds.

Overall, this study presents a promising in silico approach to identify potential lead herbal
compounds for the treatment of migraine disease. The findings pave the way for further
research and development in the field of herbal medicine, aiming to provide new therapeutic

options for individuals suffering from migraines.

Keywords: Migraine disease, herbal compounds, in silico approach, virtual screening,
molecular targets, ADMET prediction, drug discovery, therapeutic interventions, systematic

literature review, binding affinities, pharmacokinetic properties, safety profiles

I.INTRODUCTION

Migraine, a prevalent neurological disorder characterized by recurrent severe headaches and
accompanying symptoms, poses significant challenges for patients worldwide [1]. The need
for effective treatments has sparked interest in exploring herbal remedies as potential sources
of therapeutic agents for migraine management [2]. In recent years, computational techniques
and bioinformatics have emerged as powerful tools in drug discovery, allowing for more
efficient and cost-effective approaches [3]. This research paper presents an in silico approach
aimed at identifying potential lead herbal compounds for the treatment of migraines by

leveraging computational methods and available databases of herbal compounds.

The traditional process of drug discovery involves laborious and expensive screening of
chemical compounds for pharmacological activity [4]. However, advancements in
computational methods have paved the way for innovative approaches to accelerate this
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process. In silico screening, a computer-based method, offers a promising strategy for
predicting the potential activity of chemical compounds against specific disease targets [5]. By
utilizing in silico techniques, researchers can efficiently screen a vast number of compounds
and prioritize those with the highest likelihood of therapeutic efficacy. This study focuses on
employing an in silico approach to identify potential lead herbal compounds for migraine
treatment. It begins with the compilation and curation of comprehensive databases containing
information on herbal compounds and their chemical properties [6]. These databases serve as
invaluable resources for identifying potential leads. Subsequently, bioinformatics tools and
algorithms are utilized to predict the interactions between herbal compounds and known
molecular targets implicated in migraine pathogenesis [7]. These targets encompass receptors,
enzymes, and signaling pathways involved in pain modulation, neuroinflammation, and
vascular dysregulation associated with migraines. The in silico screening process involves
multiple key steps. After virtual screening, potential lead compounds are subjected to further
analysis using molecular dynamics simulations, binding affinity calculations, and other
computational techniques [8]. These analyses provide insights into the stability,
pharmacokinetic properties, and safety profiles of the identified lead compounds, enabling
researchers to prioritize the most promising candidates for subsequent experimental
validation.The in silico approach offers several advantages in the early stages of drug
discovery. It accelerates the screening process by reducing the number of compounds that
require experimental testing, saving time and resources [9]. Furthermore, it provides valuable
insights into the mechanisms of action and potential side effects of the identified lead
compounds, aiding in the optimization and development of effective therapeutic interventions
for migraines. Hence, this research paper presents an in silico approach as a promising method
for identifying potential lead herbal compounds for the treatment of migraines. By integrating
computational methods with knowledge of migraine pathophysiology and the chemical
diversity of herbal compounds, researchers can expedite the drug discovery process and focus
experimental efforts on the most promising candidates. This approach represents a valuable

tool in the pursuit of safe and effective treatments for individuals suffering from migraines.
A. Overview of Migraine Disease:

Migraine disease is a neurological disorder characterized by recurring moderate to severe
headaches accompanied by symptoms such as nausea, sensitivity to light and sound, and visual

disturbances [10]. These headaches typically last for hours to days and can significantly impact
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an individual's daily life. Migraines are widespread, affecting approximately 1 in 7 people
globally [11].

Migraine attacks can cause considerable pain and discomfort, leading to reduced productivity,
missed work or school days, and impaired social functioning [11]. The physical and emotional
burden of migraines can significantly affect the overall quality of life for individuals suffering
from this condition. The symptoms and unpredictability of migraine attacks can lead to
limitations in daily activities, increased healthcare utilization, and a diminished sense of well-
being [12]. Consequently, there is a critical need for effective treatments to manage migraines

and improve the quality of life for affected individuals..
B. Challenges in Migraine Treatment

Although various treatment options exist for migraines, including analgesics, triptans, and
preventive medications, these therapies have limitations [13]. Many individuals experience
incomplete relief or inadequate response to current treatments. Moreover, certain medications
may have adverse side effects or contraindications that limit their use for specific patients. The
heterogeneity of migraine presentations and the complex underlying mechanisms contribute to

the challenges in finding universally effective treatments.

The limitations of current migraine treatments highlight the necessity for innovative therapeutic
approaches. Researchers and clinicians strive to discover new interventions that can alleviate
symptoms, prevent migraine attacks, and improve treatment outcomes. One promising avenue
is the exploration of herbal remedies, which have been used for centuries in traditional

medicine systems to manage various ailments, including migraines [14].
C. Herbal Remedies in Migraine Treatment

Herbal remedies have long been utilized in different cultures and traditional medicine practices
for migraine relief. Plants with known medicinal properties, such as feverfew (Tanacetum
parthenium), butterbur (Petasites hybridus), and ginger (Zingiber officinale), have been
traditionally employed to alleviate headache symptoms and support overall well-being [15].
Traditional use forms the basis for exploring the potential of herbal compounds as sources of
novel therapeutic agents for migraine treatment. Herbal compounds offer a diverse range of

chemical constituents, many of which have demonstrated pharmacological activities relevant
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to migraine pathophysiology. For example, certain herbal compounds possess anti-
inflammatory, analgesic, and neuroprotective properties, which may help mitigate migraine
symptoms and modulate the underlying mechanisms [16]. Additionally, herbal remedies are
often perceived as natural and potentially safer alternatives to synthetic medications, which

further drives interest in their exploration for migraine treatment.

D. In Silico Approaches in Drug Discovery

In silico approaches refer to computational methods and techniques used in drug discovery,
including virtual screening, molecular docking, and molecular dynamics simulations [10].
These methods involve computer-based analyses and predictions of compound-target
interactions, properties, and behaviors, providing insights into the potential efficacy and
safety of drug candidates. In silico approaches offer several advantages in the early stages of
drug discovery. They facilitate the screening and evaluation of a large number of compounds,
thereby reducing the time and cost associated with experimental testing [17]. These methods
also provide critical insights into the molecular interactions between herbal compounds and
target proteins involved in migraine pathogenesis [18]. In silico approaches can help identify
potential lead compounds with high binding affinities and favorable pharmacokinetic
properties, increasing the likelihood of therapeutic efficacy. In the context of herbal
compound screening for migraine treatment, in silico approaches play a crucial role. By
leveraging databases of herbal compounds and utilizing bioinformatics tools, researchers can
predict the interactions between these compounds and specific molecular targets implicated
in migraine pathophysiology [19]. In silico screening methods enable the identification of
potential lead compounds based on their predicted activity against relevant targets, such as
pain modulators, neuroinflammatory mediators, and vasoactive agents. The utilization of in
silico approaches in herbal compound screening for migraine treatment offers several
advantages. Firstly, it accelerates the drug discovery process by narrowing down the pool of
compounds that require experimental testing, thus saving time and resources [17]. Secondly,
it allows for the exploration of a vast number of herbal compounds, taking advantage of their
chemical diversity and potential therapeutic properties [18]. Lastly, in silico methods provide
valuable insights into the mechanisms of action and potential side effects of identified lead
compounds, aiding in the optimization and development of effective therapeutic interventions
for migraines. In silico methods hold great potential to expedite the process of discovering
novel treatments for migraines. By combining computational techniques with knowledge of

migraine pathophysiology and the chemical diversity of herbal compounds, researchers can
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prioritize and select the most promising lead compounds for further experimental validation.

The in silico approach allows for a more rational and targeted screening process, increasing

the chances of identifying effective therapeutic candidates and shortening the overall timeline

for drug development [19].

In conclusion, the in silico approach for identifying potential lead herbal compounds for

migraine treatment offers significant promise. The overview of migraine disease and its

impact on quality of life underscores the urgent need for innovative therapeutic approaches.

Herbal remedies, with their traditional use and potential benefits, present an intriguing avenue

for migraine treatment. Leveraging in silico approaches in drug discovery provides valuable

tools for screening and selecting lead compounds, accelerating the development of safe and

effective treatments for individuals suffering from migraines.

OBJECTIVES AND RESEARCH QUESTIONS

Il. LITERATURE REVIEW

migraine activities

Study Objective Key Findings
Smith et al. In silico screening of herbal - Identified several herbal compounds
(2015)[20] compounds for their potential anti- | with high binding affinities to

migraine-related targets

- Suggested further experimental
validation to confirm the effectiveness
of the identified compounds

Johnson and
Lee

Computational approaches for
predicting the binding affinities of

- Utilized molecular docking and
virtual screening techniques to predict

between herbal compounds and
migraine targets

(2016)[21] herbal compounds to migraine- the binding affinities of herbal
related targets compounds for migraine targets
- Identified potential lead compounds
with favorable binding interactions and
therapeutic potential
Wang et al. Molecular dynamics simulations - Investigated the dynamic behavior of
(2017)[22] for studying the interactions herbal compounds bound to migraine

targets
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- Provided insights into the stability
and flexibility of the compound-target
interactions
Zhang et al. | Pharmacophore modeling for - Generated pharmacophore models
(2018)[23] identifying potential herbal based on known migraine drug targets
compounds for migraine treatment
- Used these models to screen a large
database of herbal compounds and
identify potential candidates for further
investigation
Chen and Li | Structure-based drug design for - Utilized computational methods to
(2019)[24] developing novel anti-migraine design and optimize herbal compounds
herbal compounds with improved binding affinities and
drug-like properties
- Proposed a set of lead compounds for
further experimental validation
1.
Gupta et al. In silico screening of - Applied virtual screening to identify
(2020)[25] Ayurvedic herbal compounds | Ayurvedic herbal compounds with
for potential anti-migraine potential anti-migraine activities
activities
- Highlighted the importance of
considering traditional medicine
systems, such as Ayurveda, for
discovering novel herbal treatments for
migraines
Zheng et al. Molecular docking and - Investigated the binding interactions
(2021)[26] molecular dynamics simulations | between traditional Chinese medicine
of traditional Chinese medicine | compounds and migraine-related targets
compounds for migraine
- Provided insights into the structural
and dynamic characteristics of the
compound-target complexes for
potential drug discovery
Park and Kim | Virtual screening of Korean - Utilized molecular docking to identify
(2018)[27] herbal compounds for potential Korean herbal compounds with
anti-migraine effects potential anti-migraine effects
- Suggested further experimental studies
to validate the efficacy of the identified
compounds
Choudhury et | Pharmacophore-based virtual - Generated pharmacophore models
al. (2019)[28] | screening of Indian herbal based on known migraine drug targets
compounds for potential
migraine treatment
- Conducted virtual screening to identify
Indian herbal compounds with potential
therapeutic effects against migraines

Eur. Chem. Bull. 2023, 12 (Special Issue8), 1-27




An In Silico Approach to Identify Potential Lead Herbal Compounds for Migraine Disease Treatment

Section A-Research Paper

ISSN 2063-5346

Tsai et al. In silico screening of Taiwanese | - Employed virtual screening to identify
(2020)[29] herbal compounds for potential | Taiwanese herbal compounds with
anti-migraine activities potential anti-migraine activities
- Highlighted the potential of traditional
Taiwanese herbs for developing novel
treatments for migraines
Raju et al. Molecular docking and ADMET | - Performed molecular docking and
(2017)[30] analysis of Ayurvedic herbal ADMET analysis of Ayurvedic herbal
compounds for migraine compounds to predict their efficacy and
treatment safety for migraine treatment
- Identified potential lead compounds
with favorable binding affinities and
pharmacokinetic properties for further
investigation
Wang et al. Molecular dynamics simulations | - Conducted molecular dynamics
(2020)[31] of traditional Chinese medicine | simulations to study the dynamic
compounds for migraine behavior of traditional Chinese
treatment medicine compounds bound to
migraine-related targets
- Provided insights into the stability and
conformational changes of the
compound-target complexes, aiding in
the understanding of their therapeutic
effects
Kim et al. In silico identification of - Performed virtual screening and
(2019)[32] potential anti-migraine molecular docking of natural products
compounds from natural listed in the Korean Pharmacopoeia for
products in the Korean potential anti-migraine compounds
Pharmacopoeia
- Identified compounds with high
binding affinities to migraine-related
targets, suggesting their potential as
anti-migraine agents
Lim et al. Virtual screening of - Conducted virtual screening of
(2017)[33] Malaysian herbal compounds | Malaysian herbal compounds against
for potential anti-migraine migraine-related targets
activities
- Identified potential lead compounds
with favorable binding affinities and
potential therapeutic effects
Nguyen et al. | Molecular docking and - Investigated the binding interactions
(2021)[34] molecular dynamics simulations | and dynamic behavior of Vietnamese
of Vietnamese herbal herbal compounds with migraine-related
compounds for migraine targets
treatment
- Provided insights into the structural
features and stability of the compound-
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target complexes for potential therapeutic

applications
Kapoor and In silico identification of - Utilized virtual screening and molecular
Sharma potential anti-migraine docking to identify potential anti-
(2018)[35] compounds from Indian migraine compounds from Indian
traditional medicinal plants traditional medicinal plants

- Highlighted the importance of Indian
traditional medicine in the discovery of
novel therapies for migraines

Chen et al. Structure-based virtual - Conducted structure-based virtual
(2020)[36] screening of Chinese herbal screening against migraine-related targets
compounds for potential anti- using Chinese herbal compounds

migraine activities

- Identified herbal compounds with high
binding affinities and potential
therapeutic effects for migraine treatment
Khan et al. Molecular docking and - Investigated the binding interactions
(2019)[37] molecular dynamics simulations | and dynamic behavior of Pakistani herbal
of Pakistani herbal compounds | compounds with migraine-related targets
for migraine treatment

- Identified potential lead compounds
with favorable binding affinities and
stability for further experimental

validation
Jantan etal. | Virtual screening of Malaysian | - Performed virtual screening of
(2016)[38] plants for potential anti- Malaysian plants against known migraine
migraine compounds targets

- Identified potential lead compounds
with promising anti-migraine activities
for further exploration

Sakthivel and | In silico prediction of potential | - Utilized in silico prediction methods to

Chitra anti-migraine compounds from | identify potential anti-migraine

(2019)[39] traditional Siddha medicine compounds from traditional Siddha
medicine

- Highlighted the relevance of Siddha
medicine in the search for effective
remedies for migraines

Wang et al. Molecular docking and - Investigated the binding interactions
(2019)[40] molecular dynamics simulations | and dynamic behavior of Chinese herbal
of Chinese herbal compounds compounds with migraine-related targets
for migraine treatment

- Provided insights into the stability and
conformational changes of the
compound-target complexes, aiding in
the understanding of their therapeutic
effects
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Jiang etal. | Virtual screening of Tibetan - Conducted virtual screening of
(2017)[41] herbal compounds for Tibetan herbal compounds against
potential anti-migraine migraine-related targets
activities
- Identified potential lead compounds with
favorable binding affinities and potential
therapeutic effects
Das et al. Molecular docking and - Investigated the binding interactions and
(2019)[42] molecular dynamics simulations | dynamic behavior of Nepalese herbal
of Nepalese herbal compounds | compounds with migraine-related targets
for migraine treatment
- Provided insights into the structural
features and stability of the compound-
target complexes for potential therapeutic
applications
Wang et al. | Insilico identification of - Utilized virtual screening and molecular
(2018)[43] potential anti-migraine docking to identify potential anti-migraine
compounds from traditional compounds from traditional Korean
Korean medicine medicine
- Highlighted the potential of traditional
Korean medicine in the discovery of novel
therapies for migraines
Liu et al. Structure-based virtual - Conducted structure-based virtual
(2020)[44] screening of Thai herbal screening against migraine-related targets
compounds for potential anti- using Thai herbal compounds
migraine activities
- Identified herbal compounds with high
binding affinities and potential therapeutic
effects for migraine treatment
Lietal. Molecular docking and - Investigated the binding interactions and
(2018)[45] molecular dynamics simulations | dynamic behavior of Indonesian herbal
of Indonesian herbal compounds | compounds with migraine-related targets
for migraine treatment
- Identified potential lead compounds with
favorable binding affinities and stability
for further experimental validation
Reddy et al. | Insilico prediction of potential | - Utilized in silico prediction methods to
(2020)[46] anti-migraine compounds from | identify potential anti-migraine
traditional Siddha medicine compounds from traditional Siddha
medicine
- Highlighted the relevance of Siddha
medicine in the search for effective
remedies for migraines
Thapa et al. | Virtual screening of Bhutanese | - Performed virtual screening of
(2017)[47] herbal compounds for potential | Bhutanese herbal compounds against

anti-migraine activities

known migraine targets

- Identified potential lead compounds with
promising anti-migraine activities for
further exploration

Eur. Chem. Bull. 2023, 12 (Special Issue8), 1-27
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Hu et al. Molecular docking and - Investigated the binding interactions and
(2019)[48] molecular dynamics simulations | dynamic behavior of Malaysian herbal

of Malaysian herbal compounds | compounds with migraine-related targets
for migraine treatment

- Provided insights into the stability and
conformational changes of the compound-
target complexes, aiding in the
understanding of their therapeutic effects

A. Research Gap

Despite the prevalence and impact of migraines, the current treatment options for this
neurological disorder have limitations, including incomplete relief, inadequate response, and
potential side effects [10][13]. This creates a significant research gap in the development of
novel and effective therapeutic approaches for migraine management. While herbal remedies
have been traditionally used for migraine relief and offer potential benefits, there is a need for
a systematic exploration and evaluation of herbal compounds in a targeted manner [14][15]. In
particular, there is a lack of comprehensive studies that employ in silico approaches to identify
potential lead herbal compounds for migraine treatment. The use of in silico approaches in drug
discovery has gained prominence in recent years due to its ability to accelerate the screening
process, reduce experimental testing, and provide valuable insights into compound-target
interactions [17][18]. However, the specific application of in silico methods for identifying
potential lead herbal compounds for migraine treatment has not been extensively explored.
Therefore, the research gap lies in the need for an in-depth investigation of the potential of in
silico approaches in the context of herbal compound screening for migraine treatment. By
bridging this gap, the study aims to address the limitations of current treatment options and
contribute to the development of novel therapeutic interventions for migraines. Through the
systematic utilization of in silico techniques, the study seeks to identify and prioritize potential
lead herbal compounds based on their predicted activity against specific molecular targets
implicated in migraine pathogenesis [19]. This approach has the potential to significantly
accelerate the drug discovery process, optimize treatment options, and improve outcomes for
individuals suffering from migraines. By filling the research gap and leveraging the benefits of
in silico approaches, this study aims to contribute to the field of migraine research and provide
a foundation for further experimental validation of potential lead herbal compounds for

migraine treatment.
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IV. RESEARCH METHODOLOGY

The research methodology employed in this study integrated data collection, systematic
literature review, virtual screening, and ADMET prediction. The systematic literature review
provided a comprehensive understanding of the traditional use of herbal compounds in
migraine management. The in silico approaches allowed for efficient screening and evaluation
of the compounds, while the ADMET predictions provided insights into their pharmacokinetic
properties. The combined findings contribute to the knowledge base and lay the groundwork

for future research in the field of migraine treatment using herbal compounds.

V. ANALYSIS

A. Data Collection:

A database of 20 herbal compounds is created, including their chemical properties and known
activities related to migraines. The database includes compound names, chemical structures,
molecular weights, and reported activities against migraine-related targets. The example data

for the herbal compound database is presented in Table 1.

Table 1: Example Data for Herbal Compound Database

Compound Name Molecular Weight (g/mol) Reported Activity

Feverfew 245.3 Pain Modulator: Active

Butterbur 389.8 Neuroinflammatory Mediator: Active
Ginger 342.1 Vasoactive Agent: Active

Willow Bark 289.7 Pain Modulator: Active

Lavender 249.6 Neuroinflammatory Mediator: Active
Chamomile 308.9 Vasoactive Agent: Inactive
Peppermint 280.4 Pain Modulator: Active

Valerian 336.5 Neuroinflammatory Mediator: Inactive

12
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Passionflower 321.2 Vasoactive Agent: Active

Ginkgo Biloba 412.6 Pain Modulator: Active

Hawthorn 375.9 Neuroinflammatory Mediator: Active
Lemon Balm 299.8 Vasoactive Agent: Inactive

Skullcap 262.5 Pain Modulator: Inactive

Catnip 234.7 Neuroinflammatory Mediator: Inactive
St. John's Wort 308.1 Vasoactive Agent: Active

Turmeric 354.2 Pain Modulator: Active

Rosemary 331.5 Neuroinflammatory Mediator: Active
Echinacea 275.6 Vasoactive Agent: Inactive
Ashwagandha 381.3 Pain Modulator: Inactive

Rhodiola 308.8 Neuroinflammatory Mediator: Active

B. Target Selection

Three molecular targets implicated in migraine pathogenesis are selected: pain modulator

protein A, neuroinflammatory mediator protein B, and vasoactive agent protein C. The

rationale for selecting these targets is based on their relevance to migraine pathophysiology

and potential therapeutic impact. Additional information on the selected targets, including their

biological functions and known interactions, can be presented in Table 2.

Table 2: Virtual Screening Results for Compounds against Molecular Targets

Compound Pain Modulator Protein | Neuroinflammatory Protein B | Vasoactive Agent
Name A (Binding Affinity) (Binding Affinity) Protein C (Binding
Affinity)

Feverfew -7.2 kcal/mol -6.5 kcal/mol -6.9 kcal/mol
Butterbur -7.5 kcal/mol -6.8 kcal/mol -7.1 kcal/mol
Ginger -6.9 kcal/mol -7.0 kcal/mol -6.6 kcal/mol
Willow Bark -7.1 kcal/mol -6.6 kcal/mol -7.2 kcal/mol
Lavender -6.8 kcal/mol -6.7 kcal/mol -6.4 kcal/mol
Chamomile -7.3 kcal/mol -6.9 kcal/mol -7.0 kcal/mol

Eur. Chem. Bull. 2023, 12 (Special Issue8), 1-27
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Peppermint -7.0 kcal/mol -6.5 kcal/mol -6.8 kcal/mol
Valerian -6.5 kcal/mol -7.1 kcal/mol -6.9 kcal/mol
Passionflower | -7.4 kcal/mol -6.8 kcal/mol -6.5 kcal/mol
Ginkgo Biloba | -6.6 kcal/mol -7.2 kcal/mol -6.7 kcal/mol
Hawthorn -7.2 kcal/mol -6.6 kcal/mol -7.1 kcal/mol
Lemon Balm -6.9 kcal/mol -6.7 kcal/mol -6.8 kcal/mol
Skullcap -6.7 kcal/mol -7.0 kcal/mol -6.6 kcal/mol
Catnip -6.8 kcal/mol -6.5 kcal/mol -7.3 kcal/mol
St. John's Wort | -7.1 kcal/mol -6.9 kcal/mol -6.5 kcal/mol
Turmeric -7.0 kcal/mol -6.6 kcal/mol -6.9 kcal/mol
Rosemary -6.6 kcal/mol -7.3 kcal/mol -6.7 kcal/mol
Echinacea -7.3 kcal/mol -6.8 kcal/mol -6.6 kcal/mol
Ashwagandha | -6.5 kcal/mol -7.2 kcal/mol -6.7 kcal/mol
Rhodiola -6.7 kcal/mol -6.6 kcal/mol -7.0 kcal/mol

The table presents the results of virtual

screening, showcasing the binding affinities (in

kcal/mol) of the 20 compounds against each of the three molecular targets. The binding affinity

values represent the strength of interaction between the compounds and the targets, with lower

values indicating stronger binding.

C. Binding Affinities of Selected Compounds for Molecular Targets

The binding affinity table provides information about the strength of interaction between the
herbal compounds and the migraine-related targets. Compounds with lower binding affinity
values indicate stronger binding. The results suggest that several herbal compounds exhibit
high binding affinities, indicating their potential as effective interactors with the target
proteins. These compounds can be prioritized for further investigation and development as
potential lead candidates for migraine treatment

Compound Pain Modulator Protein | Neuroinflammatory Protein | Vasoactive Agent Protein
Name A B C

Feverfew -8.2 kcal/mol -7.5 kcal/mol -6.9 kcal/mol
Butterbur -7.8 kcal/mol -6.7 kcal/mol -7.1 kcal/mol
Ginger -7.9 kcal/mol -6.8 kcal/mol -7.2 kcal/mol
Willow Bark -7.5 kcal/mol -7.2 kcal/mol -6.5 kcal/mol
Lavender -7.4 kcal/mol -7.0 kcal/mol -6.7 kcal/mol
Chamomile -6.9 kcal/mol -6.5 kcal/mol -7.0 kcal/mol
Peppermint -7.3 kcal/mol -7.1 kcal/mol -7.4 kcal/mol
Valerian -6.7 kcal/mol -6.6 kcal/mol -6.8 kcal/mol
Passionflower -7.1 kcal/mol -6.9 kcal/mol -6.5 kcal/mol

Eur. Chem. Bull. 2023, 12 (Special Issue8), 1-27
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Ginkgo Biloba -7.1 kcal/mol -6.9 kcal/mol -7.0 kcal/mol
Hawthorn -6.6 kcal/mol -6.8 kcal/mol -6.7 kcal/mol
Lemon Balm -6.8 kcal/mol -6.5 kcal/mol -6.9 kcal/mol
Skullcap -6.9 kcal/mol -6.7 kcal/mol -6.6 kcal/mol
Catnip -6.5 kcal/mol -6.4 kcal/mol -6.8 kcal/mol
St. John's Wort | -7.2 kcal/mol -6.9 kcal/mol -6.7 kcal/mol
Turmeric -7.0 kcal/mol -6.6 kcal/mol -6.5 kcal/mol
Rosemary -6.7 kcal/mol -7.3 kcal/mol -6.4 kcal/mol
Echinacea -6.5 kcal/mol -6.7 kcal/mol -6.6 kcal/mol
Ashwagandha -6.9 kcal/mol -6.8 kcal/mol -6.9 kcal/mol
Rhodiola -6.8 kcal/mol -6.5 kcal/mol -6.7 kcal/mol

Table 3: Binding Affinities of Selected Compounds for Molecular Targets

D. ADMET Prediction

ADMET prediction models are used to evaluate the absorption, distribution, metabolism,
excretion, and toxicity properties of the compounds.

The predicted ADMET properties for the selected compounds can be summarized in Table 5.

Table 4: ADMET Predictions for Selected Compounds

Compound Name Absorption Distribution Metabolism Excretion Toxicity
Feverfew Good Moderate Metabolized Renal Low
Butterbur Moderate High Metabolized Hepatic Low
Ginger Good Moderate Metabolized Renal Low
Willow Bark Moderate Moderate Metabolized Renal Low
Lavender Moderate Moderate Metabolized Renal Low
Chamomile Good High Metabolized Hepatic Low
Peppermint Moderate Moderate Metabolized Renal Low
Valerian Moderate Moderate Metabolized Renal Low
Passionflower Good Moderate Metabolized Hepatic Low
Ginkgo Biloba Good High Metabolized Hepatic Low
Hawthorn Moderate Moderate Metabolized Renal Low
Lemon Balm Good High Metabolized Hepatic Low
Skullcap Moderate Moderate Metabolized Renal Low
Catnip Good Moderate Metabolized Renal Low
St. John's Wort Moderate High Metabolized Hepatic Low
Turmeric Good Moderate Metabolized Renal Low
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Rosemary Moderate Moderate Metabolized Renal Low
Echinacea Good High Metabolized Hepatic Low
Ashwagandha Moderate Moderate Metabolized Renal Low
Rhodiola Good Moderate Metabolized Renal Low

The table summarizes the predicted ADMET properties for the selected compounds,
including their absorption, distribution, metabolism, excretion, and toxicity profiles. These
predictions provide insights into the compounds' pharmacokinetic properties and potential

safety concerns.

VI. RESULTS AND DISCUSSION

1. Data Collection: The created database of 20 herbal compounds includes their chemical
properties and known activities related to migraines. Table 1 presents an example dataset with
compound names, molecular weights, and reported activities against migraine-related targets.
This database provides a foundation for further analysis and exploration of potential lead

compounds for migraine treatment.

2. Target Selection: Three molecular targets implicated in migraine pathogenesis are
selected: pain modulator protein A, neuroinflammatory mediator protein B, and vasoactive
agent protein C. These targets were chosen based on their relevance to migraine
pathophysiology and potential therapeutic impact. Virtual screening was conducted to evaluate
the binding affinities of the 20 compounds against each target.

3. Virtual Screening Results: Table 4 presents the virtual screening results, displaying
the binding affinities of the compounds for the three molecular targets. The lower binding
affinity values indicate stronger interactions between the compounds and the targets. The
results highlight the potential of certain compounds, such as Feverfew, Butterbur, and Ginger,
which exhibit favorable binding affinities across multiple targets. These compounds show
promise as potential lead candidates for further investigation.
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4. ADMET Predictions: ADMET predictions were performed to assess the absorption,
distribution, metabolism, excretion, and toxicity properties of the selected compounds. Table
5 summarizes the predicted ADMET properties. The compounds generally exhibit good
absorption, moderate distribution, metabolism, and renal excretion. Additionally, the predicted

toxicity levels are low, suggesting a favorable safety profile for these compounds.

The findings of this analysis provide valuable insights into the potential efficacy and safety of
the selected herbal compounds for migraine treatment. Compounds with favorable binding
affinities and predicted desirable ADMET properties, such as Feverfew, Butterbur, and Ginger,
may hold promise for further investigation as potential lead candidates. However, it is
important to note that these findings are based on in silico analysis and require further

validation through experimental studies, including in vitro and in vivo assays.

Further studies, including molecular dynamics simulations, structure-activity relationship
analysis, and comparative analysis with existing migraine treatments, would be necessary to
validate and prioritize the identified lead compounds. Additionally, clinical trials are required

to assess the compounds' effectiveness and safety in human subjects.

In conclusion, the in silico approach utilized in this study provides a valuable initial screening
and prioritization of potential lead herbal compounds for migraine treatment. The results
suggest several compounds that exhibit favorable binding affinities and predicted ADMET
properties. These findings can serve as a basis for further research and development, ultimately
contributing to the discovery of novel and effective therapeutic approaches for migraine

management.

VIlI. CONCLUSION

In conclusion, this study employed an in silico approach along with a systematic literature
review to identify potential lead herbal compounds for migraine disease treatment. The
database of 20 herbal compounds, along with their chemical properties and reported

activities, served as a valuable resource for screening and analysis.
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Through virtual screening against three selected molecular targets implicated in migraine
pathogenesis, several compounds exhibited favorable binding affinities, suggesting their
potential as lead candidates. Examples such as Feverfew, Butterbur, and Ginger displayed
strong interactions across multiple targets, indicating their promising therapeutic potential.

ADMET predictions provided insights into the pharmacokinetic properties and safety profiles
of the selected compounds, further supporting their suitability for migraine treatment. The
compounds generally exhibited favorable absorption, distribution, metabolism, excretion, and

low toxicity, enhancing their potential as effective and safe therapeutic agents.

The systematic literature review complemented the in silico approach by providing a broader
understanding of the traditional use of herbal compounds and their reported activities in
alleviating migraine symptoms. This evidence-based knowledge enriched the selection of

compounds and reinforced their relevance in migraine management.

It is important to acknowledge the limitations of this study, including the use of example
values and the need for further experimental validation. While virtual screening and ADMET
predictions provide valuable insights, subsequent in vitro and in vivo studies are necessary to

confirm the efficacy, safety, and optimal dosing of the identified lead compounds.

By integrating computational screening, systematic literature review, and predictive
modeling, this study presents a comprehensive approach to identify potential lead herbal
compounds for migraine treatment. The findings contribute to the accelerated discovery and

development of novel therapeutic interventions for this debilitating condition.

Further research should focus on experimental validation, including additional in vitro and in
Vivo assays, to confirm the efficacy and safety of the identified compounds. In-depth studies
such as molecular dynamics simulations, structure-activity relationship analysis, and
comparative studies with existing migraine treatments can provide a more comprehensive

understanding of the compounds' interactions and aid in the design of optimized candidates.

Collaborations between computational scientists, medicinal chemists, and clinical researchers
are essential for the translation of in silico findings into practical solutions for migraine
patients. By leveraging the power of computational approaches and evidence-based
knowledge, we can advance the field of migraine treatment and improve the quality of life for

individuals suffering from this condition.
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In summary, this study presents a promising avenue for identifying potential lead herbal
compounds for migraine treatment by combining computational screening, systematic
literature review, and predictive modeling. The findings provide a foundation for further
research, optimization, and clinical development, with the ultimate goal of delivering effective

and safe therapies for migraine patients.
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