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Abstract

Background: Athletes, engaging in vigorous exercise, confront elevated reactive oxygen species (ROS) and inflammation.
Dietary antioxidants, abundant in diverse foods, offer protection. Resveratrol, a potent polyphenol from grapes and berries,
explores its anti-inflammatory potential and mechanism through in-silico analysis in athletes.

Method: Initial steps involved IL-6 data retrieval (PDB ID 1alu), receptor preparation, and ligand selection (Resveratrol, CID
445154).1L-6 receptor binding site identification utilized literature and PyMol. Molecular docking was facilitated by AutoDock,
validated through re-docking and overlay methods. Lead molecule selection in in silico virtual screening was based on binding
energy (-5 to -15 kcal/mol). The evaluation concluded with interaction assessment and binding affinity calculation.

Result and Discussion: The study utilized IL-6 from the Protein Data Bank. Resveratrol was prepared for molecular docking.
Docking outcomes showed optimal fitand interaction of resveratrol with IL-6, forming three bonds and exhibiting a low binding
energy of -5.2 kcal/mol. The research addressed exercise-induced inflammation, emphasizing IL-6's role. Bioinformatics and
molecular docking provided insights into IL-6 binding. Resveratrol demonstrated a potential inhibitory effect on IL-6 action,
presenting a promising avenue for anti-inflammatory intervention in athletes.

Conclusion: Exploring resveratrol's anti-inflammatory potential on IL-6, our study used molecular docking, suggesting its

protective effects in athletes. Ongoing research is vital for validation and broader implications.
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Graphical Abstract

Abbreviations: PDB: Protein Data Bank; ROS: Reactive
Oxygen Species.

Introduction

Vigorous participation in intense physical activity
makes athletes more susceptible to heightened levels of
circulating reactive oxygen species (ROS) in the body and is
contingent on the mode, intensity, and duration of exercise
[1]. A solitary session of intense exercise is sufficient to
generate substantial amounts of ROS, leading to increased
levels of inflammatory markers. Inflammation is considered
as a complex biological response of body tissues to harmful
stimuli, such as pathogens, damaged cells, or irritants.
It is a protective mechanism that involves immune cells,
blood vessels, and molecular mediators. The purpose of
inflammation is to eliminate the initial cause of cell injury,
clear out damaged cells and tissues, and initiate tissue
repair. Exercise, especially intense or prolonged physical
activity, can cause micro-damage to muscle fibers, leading
to inflammation. While this is a natural part of the muscle
repair and strengthening process, excessive inflammation
can delay recovery, leading to prolonged soreness and
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reduced muscle function and proper management helps in
faster recovery and repair of these tissues. While exercising,
active muscle fibers exhibit oxygen consumption rates 200
times higher than during periods of rest, resulting in the
production of inflammatory markers [2,3]. Various potential
explanations exist for the diverse outcomes observed in
relation to exercise and its effects on proinflammatory and
inflammation-responsive cytokines and there has been
reported an elevation in interleukin-6 (IL-6) concentration
of 50-folds after the end of a marathon run in the participants
[4]. Earlier findings have shown a connection between dietary
interventions, such as the consumption of antioxidant-rich
foods, and decreased levels of inflammatory mediators in
athletes, both during periods of rest and after exercise [5].
This discovery motivated scientists to explore alternative
foods that enhance athletes’ oxidative stress and diminish
their inflammatory markers.

Antioxidants, abundant in diverse foods, act as vital
defenders against oxidative stress caused by free radicals
[6-8]. Fruits like berries and citrus, alongside vegetables
such as spinach and kale, are rich sources. Nuts, seeds,
and oils, coupled with beverages like green tea, offer
additional avenues to bolster antioxidant intake [9]. Various
plant products, vitamins and antioxidants show different
mitigating roles of various complications [10-12]. For
athletes, the anti-inflammatory effects of antioxidants hold
particular significance. Strenuous physical activity elevates
oxidative stress, leading to inflammation. Antioxidants play
a crucial role in mitigating this inflammatory response,
supporting athletes in recovery and injury prevention
[13]. By incorporating antioxidant-rich foods, athletes may
experiencereduced inflammatory markers, promoting overall
health. Beyond their anti-inflammatory impact, antioxidants
contribute to cardiovascular well-being, fostering heart
health through improved blood flow and oxidative damage
reduction [14]. This dual benefit is especially pertinent for
athletes aiming to optimize performance and recovery.
While a balanced diet is the primary means of antioxidant
intake, targeted consumption of these compounds emerges
as a strategic approach for athletes seeking to enhance their
athletic capabilities and mitigate the inflammatory effects
associated with intense training.

Resveratrol, a potent polyphenol, is found in certain
foods like grapes, red wine, and berries. Known for its
antioxidant properties, resveratrol has gained attention
for potential health benefits [15]. It demonstrates anti-
inflammatory effects, contributing to cardiovascular health
by improving blood flow and reducing oxidative stress.
Additionally, studies suggest its potential in supporting
longevity and cognitive function [16]. While available in
supplement form, obtaining resveratrol through a balanced
diet remains ideal for maximizing its positive impact on
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overall health. Moreover, numerous interventions have
utilized these dietary components to explore their influence
on inflammatory markers. To date, there has been no research
investigating the anti-inflammatory potential of resveratrol
and it mechanism of interaction in athletes. Hence, the
present study seeks to assess the impact of resveratrol on
IL-6 in athletes through an in-silico analysis, exploring its
mechanism of action.

Materials and Methods

Sequence Retrieval

The sequence and structure of IL-6 were obtained from
the Protein Data Bank (PDB) with the PDB ID 1lalu. The
receptor protein was readied by eliminating the ligand and
water from the active site and introducing polar hydrogens
[17].

Compound Preparation

3D conformer of resveratrol (C ,H,,0°), PubChem CID
445154 was downloaded and used as a ligand in this study.

Identification of Binding Site

Exploring scientific literature, researching articles, and
utilizing databases are common methods for identifying
the ligand binding site of the human IL-6 protein. The IL-6
receptor binding site was discerned through the utilization
of PyMol, protein visualization software [18].

Molecular docking

Following the methodology established in our previous
work i.e. Bhattacharjee S, et al. [19] molecular docking was
undertaken using IL-6 (PDB ID 1lalu). The macromolecular
file preparation involved adding polar hydrogens and
introducing charges via ADT with default Kollman charges,
automatically incorporating Kollman charges for a peptide.
Protein parameters were integrated, saving files as lalu.
pdbqt. The ligand, resveratrol (PubChem CID 445154), was
converted to PBD format using Open Babel 2.3.2a, loaded
into ADT, and configured as instructed, resulting in ligand.
pdbqt. Creating a grid with sufficient space for unrestricted
ligand rotation Wang S, et al. [18], parameters were stored in
molecule.gpf, and a new file, 1alu.gpf, was saved. Autogrid4
generated maps, producing lalu.glg during the Run. Docking
Parameter File creation involved reading macromolecular
pdbgs and ligand.out.pdbq files. AutoDock, using the
Lamarckian genetic algorithm, initiated the docking task.
Terminal access to .dlg files recorded final docked energy,
Gibbs free energy, and inhibition constant for each of the 500
runs, ensuring optimal results.
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Validation of Docking Approach

The diverse docking parameters were confirmed through
individual re-docking of a crystallized ligand molecule
against the IL-6 receptor. Validation of the molecular docking
simulation technique was conducted using the overlay
method and chemical similarity assessment [20].

Computer-Based Screening

After validating the docking approach, an in silico virtual
screening was carried out through molecular docking
simulations.

Evaluation of Virtual Screening Results

After conducting molecular docking simulations, lead
molecules were selected based on the lowest binding
energy within the specified range of -5 to -15 kcal/mol. The
assessment of results emphasized hydrophilic and lipophilic
interactions among binding residues within the active ligand
binding site of the protein and the ligand. The calculation
of the ligand’s binding affinity for a specific target was
performed as illustrated in the following equation:

Ki=e[AG/RT|
Here, AG represents the change in free energy upon

binding, R denotes the gas constant, and T signifies the
temperature in Kelvin.

Results

Chosen and Prepped Macromolecule

The human IL-6 (PDBID: 1alu), obtained from the Protein
Data Bank, comprises a single protein chain consisting of
157 amino acids. The three-dimensional structure model of
IL-6 is depicted in Figure 1. After the end of the processing
of the protein molecule, it was saved in *pdbqt format using
AutoDock software.

-

Figure 1: Three-dimensional (3D) structure model of IL-6
| (1-alu) acquired from the RCSB Protein Data Bank.
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The Ligand Primed For Molecular Docking

The ligand molecule contained three rotatable bonds,
all of which were maintained in their rotatable state.

Subsequently, the prepared ligand was stored in *pdbqt
format. In Figure 2 it is shown that the resveratrol molecule
contains 12 atoms of hydrogen with 3 atoms of oxygen.

Figure 2: 2D and 3D Structure of Resveratrol (PubChem CID 445154).

Protein x-D y-D z-D X center y center Z center
1-alu 122.89 102.65 43.69 40.096 40.079 40.038
Table 1: Coordinates utilized for the preparation of the grid box.
Protein Ligand Interacting residues Types of Bonds Binding energy (kcal/mol)
Glu A:23 van der Walls
1-alu Resveratrol Leu A:19 Pi-Sigma -5.2
Lys A:27 Pi-Alkyl

Table 2: Docking Outcomes of the Ligand Bound to the Human IL-6 Receptor.

Figure 3: Interaction of IL-6 with resveratrol
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Figure 4: Types of bonds formed with their distance in
IL-6 protein with resveratrol.

Figure 5: Interaction of the amino acids and their number
with resveratrol.

Figure 6: The binding mode and chemical interactions of
the ligand (Resveratrol) attached to the amino acids of the
[L-6 receptor.
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Discussion

Heavy exercise has long been associated with numerous
health benefits, including improved cardiovascular health
and enhanced physical fitness. However, recent research
has shed light on a potential downside to intense physical
activity - the increased levels of Interleukin-6 (IL-6) among
sports persons. IL-6 is a cytokine that plays a crucial role
in the body’s inflammatory response [21]. While moderate
exercise is known to have anti-inflammatory effects, heavy
exercise can lead to an upsurge in IL-6 levels, contributing
to inflammatory problems [22]. The paradox of exercise-
induced inflammation lies in the delicate balance between
the positive effects of moderate exercise and the potential
drawbacks of excessive physical exertion [23]. High levels
of IL-6 can trigger an inflammatory response that may
manifest as muscle soreness, joint pain, and even systemic
inflammation [24]. This has significant implications for
athletes and fitness enthusiasts, as chronic inflammation is
associated with various health issues, including an increased
risk of chronic diseases [25,26]. When there is an excessive
increase in cytokine production, it leads to a phenomenon
known as a cytokine storm. This heightened inflammatory
reaction may contribute to the development of multiple
organ dysfunction syndrome as well as inflammatory
response syndrome [27,28]. In response to this emerging
challenge, the scientific community has turned to innovative
approaches, particularly bioinformatic applications, to
unravel the complex interplay between exercise, IL-6, and
inflammation. Bioinformatics leverages computational tools
and techniques to analyze vast amounts of biological data,
facilitating a deeper understanding of molecular pathways
and interactions [29,30]. Researchers are now using
bioinformatics to explore the intricate mechanisms through
which heavy exercise influences IL-6 levels and subsequent
inflammatory responses [29,31]. This multidisciplinary
approach enables the identification of potential targets
for intervention, paving the way for the development of
anti-inflammatory drugs tailored to mitigate the negative
consequences of intense physical activity.

The integration of bioinformatics in sports medicine
and pharmaceutical research represents a promising avenue
for precision medicine [32]. The preeminent computational
method for probing protein active sites and ligand
conformation within the targeted protein’s active pocket
is molecular docking. The scrutinized docked complexes,
stemming from these studies, were evaluated for binding
affinities (Kcal/mol), molecular interactions, and bonding
interactions. The lowest binding energy value serves as a key
indicator of the ideal conformational position of the ligand
within the active region of the targeted protein IL-6 [33]. By
deciphering the molecular intricacies of exercise-induced
inflammation, scientists aim to develop personalized
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interventions that optimize the health benefits of exercise
while minimizing the associated inflammatory risks. This
holistic approach not only benefits athletes striving for
peak performance but also contributes to our broader
understanding of the intricate relationship between physical
activity, inflammation, and overall health. As we delve
deeper into the realms of bioinformatics, the quest for anti-
inflammatory drugs tailored to the needs of sports persons
takes on a more informed and targeted trajectory.

In our study we have found that, resveratrol exhibited
a perfect fit within the IL-6 binding site, demonstrating the
lowest binding energy of -5.2 kcal/mol in the results after
(Table 2). According to Figures 5, 6 and Table 2, resveratrol
forms 3 bonds namely, van der Waals, Pi-sigma and Pi-Alkyl
bonds with Glu A:23, Leu A:19 and Lys A:27 respectively.
So, it could be possible mechanisms for the inhibition of
IL-6 action the ligand compound. A study has shown that
quercetin could demonstrably bind to the IL-6R by partially
(30%-35%) blocking IL-6 binding. It has been reported that
the lys and glu residues provoke a complete loss of ligand
binding to the IL-6R. Hence, the interplay among quercetin,
catechin, gallic acid, and IL-6R is expected to impede IL-6
ligand binding to the receptor through modifications in
receptor affinity or protein conformation. According to Chu
M, et al. [34,35] found that resveratrol is potentially effective
in diminishing or regulating elevated IL-6 levels linked to
physical activity. However, its impact on IL-6 changes related
to factors like age might be limited. The data presented
suggests that resveratrol exhibits anti-inflammatory and
protective effects during exercise by reducing IL-6 levels.
Nevertheless, further studies in the future are necessary
to validate this hypothesis. The results of the current study
propose that disrupting interactions within IL-6 signaling
pathways orthe IL-6R could interruptthe signalingassociated
with inflammatory diseases triggered by increased IL-6
expression. Additionally, this study shares similarity with
the findings of Ezaouine A, et al. [29].This mechanism could
provide a potential therapeutic approach for addressing
inflammatory bowel diseases.

Conclusion

Our study delved into the potential anti-inflammatory
impact of resveratrol on IL-6 in athletes through in-silico
analysis. Molecular docking revealed resveratrol’s optimal
fit within the IL-6 binding site, forming three key bonds.
Resveratrol may mitigate IL-6 levels during exercise,
suggesting protective effects. Ongoing investigations are
crucial for validating and expanding on these insights,
contributing to bioinformatics in sports medicine for
inflammation management in intense physical activity.
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