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ABSTRACT
Mitogen-activated protein kinases (MAPKs) are major 
thespians that have been the subject of in-depth research 
over the last few decades among the several intracellu-
lar signaling networks that regulate the pathophysiology 
and development of the heart. Heart failure is one of the 
most common reasons for hospitalization and is a serious 
public health issue. Heart failure mostly affects the elderly, 
and as life expectancy increases and chronic medical con-
ditions are better managed, more people are expected to 
develop the condition. The thrust to investigate alternative 
traditional medicine has attracted much attention as there 
are many negative effects of the current pharmacological 
treatments that are being used to control the problem of 
heart failure. The protein’s original configuration and the 
ligand combination both had binding energies of -5.62 
kcal/mol, which may pave the way for future use of the 
knowledge about the responsible protein and optimiza-
tion of their lead molecule for an alternative treatment for 
the cases of heart failure. But further research is needed, 
for the validation of the data in wet labs, larger trials and 
in-vitro studies, to establish its drug-likeliness and their 
applications. 
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1. INTRODUCTION
Heart disease, also known as heart or blood vessel 

disease, is a broad term that refers to a variety of issues, 
many of which are connected to atherosclerosis [1]. A 
disease known as atherosclerosis arises when a material 
known as plaque accumulates in the walls of the arter-
ies. The arteries get more congested as a result, making 
blood flow more difficult. Blood flow may be obstruct-
ed if a blood clot develops [2], [3]. This may result in a 
stroke or heart attack. Refers to the circulatory system, 
which distributes nutrients and oxygen to the body’s 
tissues while eliminating wastes like carbon dioxide. 
The circulatory system comprises the heart and blood 
vessels. Cardiovascular illnesses include endocarditis, 
diseases of the aorta as well as its branches, problems 
with the peripheral vascular system, heart valve dis-
ease, orthostatic hypotension, coronary artery disease, 
arrhythmia, hypertension, heart failure, shock, or con-
genital heart disease. Blood vessel and heart disorders 
are referred to as cardiovascular illnesses [4], [5]. 

1.1. Heart Failure: 
Heart failure, also known as congestive heart fail-

ure, is a chronic illness that deteriorates over time. 
Heart failure, despite the name suggesting otherwise, 
is the inability of the heart to pump blood as effec-
tively as it should. Lessening cardiac function might 
harm your organs and cause fluid to build up in your 
lungs [6], [7]. Heart failure, which may arise when the 
ventricle’s ability to pump blood is weakened, is the 
most frequent clinical manifestation of CVDs in their 
late stages. Some of the primary causes of heart failure 
include myocardial infarction, valvular heart disease, 
different ischemic heart diseases, hypertension, or 
cardiomyopathy [8], [9]. 

Heart failure is a chronic, incurable illness that affects 
the majority of individuals. Treatment, however, may 
hopefully maintain the symptoms under control, some-
times for years [10], [11]. The primary therapies are: 
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• Medicine put in your chest to manage your heart 
rhythm surgery good lifestyle modifications

• A mix of therapies will often be needed. 
• Typically, you will need ongoing treatment for the 

rest of your life. 

1.2. Side Effects of Heart Failure 
• Dizziness is the most frequent adverse reaction 

to medications for heart failure, especially while 
walking. 

• According to Amy, people often feel dizzy after 
bending over to pick up something, when they get 
out of bed, or if they change positions suddenly. 
This should only last a few seconds and should get 
better as you change positions. 

• She advises individuals to see their doctor if their 
persistent dizziness interferes with their daily ac-
tivities or lasts for a long period. 

• This type of medicine can also have side effects. 
Some adverse effects may not be visible immedi-
ately, so blood tests are necessary to monitor them. 

• According to Amy, many heart failure medications 
require blood tests to check your kidney function 
and electrolytes. To guarantee your loved one’s 
safety, ask the provider if this is necessary and en-
sure appropriate follow-up laboratory testing. 
MAPK1 speed up the gradual loss of contractile func-

tion in heart failure by accelerating the degradation of 
myofibrillar proteins. By specifically inhibiting MAPK1 
proteolytic activity, heart failure may be prevented or re-
versed. ACE inhibitors, beta-adrenergic receptor block-
ers, and diuretics are a few of the medications that are 
used to treat and manage the symptoms of heart failure 
[12], [13]. However, several unfavorable consequenc-
es make them challenging to use and hard to manage. 
As a result, researchers are presently looking at natural 
compounds, especially those with a plant origin, to help 
develop drugs that effectively prevent heart failure [1], 
[14]. “Mitogen-activated protein kinase” (MAPK) sig-
naling cascades inside the cell are likely crucial in the 
pathophysiology of cardiac and vascular disease. The or-
ganization or activation of the MAPK pathway has been 
extensively studied from a fundamental science perspec-
tive, however the relevance of specific signaling proteins 
in the pathophysiology of different cardiovascular ill-
nesses is still being clarified. The present effort intends 
to identify possible photo inhibition against MAPK1 to 
more effectively control the burden of heart failure in a 
society with increased life expectancy. 

2. LITERATURE REVIEW
Shogo Nakano et al. studied the outcomes of 

CMDA or XCA of EGCG as well as other plant cat-
echins to comprehend catechin-protein interactions 
with the hope of creating novel medications with 
beneficial health qualities. Green tea and its cate-
chins have been proven in clinical and laboratory 
research to have positive effects on several illness-
es, including metabolic syndrome, cancer, infectious 
disorders, and neurological diseases. Numerous in-
vestigations have shown that the action mechanism 
of EGCG and other catechins involves their binding 
to proteins. Catechin-protein interactions have been 
thoroughly studied using “X-ray crystallographic 
analysis” (XCA) or “computational docking analysis” 
(CMDA) [15]. 

Koichi Saeki et al. studied about studies have 
shown how EGCG may bind to or occupy a location 
in or close to functional areas and cause a confor-
mational shift, including in some circumstances a 
quaternary conformational change. Epigallocate-
chin-3-O-gallate (EGCG), the primary green tea 
constituent, has been shown to support these ef-
fects via both its pro- or anti-oxidative capacities. 
Furthermore, several lines of research have shown 
that the mechanism of action of EGCG may be ex-
plained by the protein specificity of its binding af-
finity. This current study intends to shed light on the 
EGCG-protein interactions that may help to explain 
how green tea’s EGCG may have positive impacts on 
health. In conclusion, these investigations have shed 
light on the function of green tea/catechins but will 
pave the way for more research that will support log-
ical EGCG treatment and employ EGCG as a model 
molecule for drug development [16]. 

Tahereh Farkhondeh et al. studied cardiovascu-
lar disorders and turmeric. It has been attempted to 
identify the molecular pathways and develop novel 
medications that activated the molecular target since 
cardiovascular diseases (CVDs) are one of the major 
causes of significant mortality worldwide. The major 
component of Curcuma longa (turmeric), which has 
long been used in traditional medicine to treat several 
ailments, is called curcumin. Numerous studies have 
shown that curcumin has a positive impact on the sig-
naling pathways that control oxidative stress, apopto-
sis, proliferation, and inflammation. Several research 
has shown that curcumin has cardiovascular preven-
tive benefits against CVDs [17]. 



Issue 26. February 2023 | Cardiometry | 357

3. METHODOLOGY 

3.1. Design: 
Data mining and extensive investigation of the 

available literature were carried out to determine the 
potential and effective ligand composition for the 
management of heart failure using alternative medi-
cine. The present work explores the targeting ability 
of some ligands and target proteins using a compu-
tational method and docking techniques. After data 
mining and a thorough analysis of the literature, and 
a promising target protein for “MAPK1” in heart fail-
ure. To conduct the research, proteins, and chemicals 
ready for docking were obtained from their respective 
databases. AutoDock 4 was then used to complete the 
docking, with the complexes then visualized using a 
separate program called BIOVIA Drug Discovery Stu-
dio. Figure 1, shows the design of the present research’s 
methodology illustrated through flow diagram. gy g g

Figure 1: Flow Diagram of Methodology for Study Design. 

3.2. Instrumentation: 
Using the RCSB: PDB and PubChem databases, 

the structures of the protein and ligand are retrieved. 
All users, from computational biologists to structur-
al biologists and beyond, may access PDB data for 
free thanks to the Research Collaborator for Struc-
tural Bioinformatics Protein Data Bank (RCSB PDB, 
10.2210/pdb7E75/PDB), the US data center for the 
global PDB repository. It acts as a database for the 
three-dimensional structural data of important bi-
ological substances, including proteins and nucle-
ic acids. Biochemists and biologists from all around 
the globe give the data, which is often gathered using 
NMR spectroscopy or, increasingly, cryo-electron mi-
croscopy and X-ray crystallography. 

PubChem is a database of chemical substances and 
related biological test procedures. The National Cen-
ter for Biotechnology Information (NCBI), a section 

of the National Library of Medicine, which is a com-
ponent of the National Institutes of Health in the Unit-
ed States, is in charge of managing the system (NIH). 
Through a web interface, PubChem is accessible with-
out charge. Through FTP, millions of chemical struc-
tures and descriptive data are readily downloadable. 
Small compounds with less than 100 atoms and 1, 000 
bonds may be found in PubChem along with descrip-
tions of many other substances. The PubChem data-
base is constantly growing and is provided by more 
than 80 database suppliers. 

One of the most often mentioned pieces of software 
in the scientific world, Autodock4, was utilized for 
the molecular docking procedure. The program uses 
docked log files to assess receptor-ligand interactions 
and forecast how a substance or ligand will attach to 
a protein or receptor in a real biological system. This 
analysis is done using a graphical tool called BIOVIA 
drug discovery studio. 

3.3. Sample: 

3.3.1. Collection of Protein and preparation: 
The RCSB PDB was used to acquire the structure 

of the protein MAPK1, which was then trimmed to 
remove the water molecule and the associated ligand 
molecule. The protein molecule was then transferred 
to Autodock for further preparation, including the 
insertion of polar hydrogens to speed up the dock-
ing process. The protein molecule was then stored in. 
pdbqt format for additional docking. Figure 2 below 
shows how the protein’s 3-D structure looks. 

Figure 2: The three-dimensional Structure of MAPK1 Protein. 



358 | Cardiometry | Issue 26. February 2023

3.3.2. Collection of Ligand and Preparation: 
The ligand molecule is obtained for PubChem in 

XML format, which was then transformed into. PDB 
format using a simple, openly accessible application 
called open babel GUI. For further processing, the 
compound was exported to the Autodock tool. After 
performing the ligand preparation, the ligand was 
then stored in the. pdbqt format, which is required to 
complete a subsequent docking operation. Figure 3 
below provides the ligand molecule’s structure. 

Figure 3: Ball and Stick Structure of Cianidanol. Gray balls rep-
resent hydrogen, and red balls represent oxygen. 

3.4. Data Collection: 
To obtain various confirmations and places for the 

successful binding of protein and ligand to form the 
complex, docking of the protein and chosen ligand is 
conducted. The auto grid was performed first using 
the. gpf file, and then autodock4 was run using the dpf 
file to complete the docking operation. Making a pro-
tein or other macromolecule stiff and the ligand flexi-
ble was how the docking process was carried out. The 
binding energy of various docked confirmations was 
determined using the autodock tool and stored in the 
DLG file. The interaction is shown in Figure 4 using the 
confirmation with the highest negative binding energy. 
The complex. pdbqt file was then written, and the visu-
alization and analysis procedure was then carried out. 

3.5. Data Analysis: 
Using BIOVIA Drug Discovery Studio, the ana-

lytical complex that had the greatest negative binding 
energy was examined. The exact interaction between 
the ligand molecule and the protein’s amino acids is 
shown in Table 1 below. The two-dimensional struc-
ture shown in Figure 5 was created to provide a clear 
understanding of the sorts of linkages required in the 
creation of a stable complex. The amino acids neces-
sary for the complex’s synthesis are ASP20, ASP100, 
LYS99, GLN97, ALA92, and ARG91.

Figure 4: Superimposed Image of Docked Protein and Ligand 
Complex Interaction. 

Figure 5: Protein Amino Acids superimposed in Interaction with 
Ligand Molecule. 

Table 1
The types of bonds formed between the chemicals and the 
protein are shown. 

Ligand: Protein Distance Bond Category
UNL 1: LYS 99 258686 Hydrogen bond 
UNL 1: LYS 99 18359 Hydrogen bond
UNL 1: ASP100 192479 Hydrogen bond
UNL 1: GLN97 2.70147 Hydrogen bond
UNL 1: ASP20 3.0944 Hydrogen bond
UNL 1: ASP100 3.0248 Hydrogen bond
UNL 1: ASP100 3.25762 Hydrogen bond
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4. RESULT AND DISCUSSION 
The interaction energies for polar, non-polar, and 

non-bonded contacts are added together to determine 
the binding free energy. To calculate binding energy, 
the final total internal energy, total intermolecular 
energy, and torsion-free energy must all be added to-
gether. The energy of an unbound system is then re-
duced by this energy. The DLG file format was used 
to get the docking results and a list of the binding en-
ergies. As a general rule, the protein and ligand com-
bination is more stable the more negative the binding 
energy there is. The selected ligand “Cianidanol” and 
protein mitogen-activated protein kinase 1 (MAPK1) 
generated a stable complex with a multitude of bond 
topologies, as determined by the computation of the 
binding energy. The binding energy of this complex 
was -5.62  kcal/mol. Figure 6, shows the docked file 
contains the binding energies for various auto docks. 

-5,62
-5,1 -4,87 -4,82 -4,67 -4,34

1 2 3 4 5 6

Binding Energy

Figure 6: The Binding energies on different auto dock run in 
the docked file. 

5. CONCLUSION
Heart disease is now one of the most significant 

socioeconomic issues. The best way to avoid cardio-
vascular disease is to make changes to your way of 
life, particularly you’re eating habits. In addition to 
the modifiable risk factors, the pharmaceuticals and 
synthetic therapies used to treat heart disease are be-
ing linked to an increasing variety of negative effects. 
Currently, one of the most important socioeconom-
ic problems is heart disease. The greatest method to 
prevent cardiovascular disease is to adjust your life-
style, especially the way you eat. A growing variety of 
unfavorable consequences are being associated with 
medications and synthetic drugs used to treat cardi-
ac disease, in addition to modifiable risk factors. As 
a consequence, efforts are now being made to identi-
fy substitutes, some of which could include a phyto-
compound. The targeting ability of a phytocompound 
against Protein MAPK1, a recently identified target 

protein for heart failure, was examined in the present 
study. The first position of the protein and ligand com-
bination, which showed binding energy of -5.62 kcal/
mol, may make it feasible for the protein to be used in 
the treatment of heart failure in the future. However, 
further study is required to evaluate its drug-likeliness, 
bigger trials and in vitro tests for sensitivity and speci-
ficity. The present findings may provide a platform for 
further research for drug designing. 
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