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ABSTRACT
Cardiovascular disease is one of the leading causes of death 
and disability in humans. Quercetin (Que) and its analogs 
are found in plants naturally and have been shown to have 
promising bioactive effects. The relationship between “Hu-
man C-reactive protein (CRP) ” and the cardiovascular system 
(CVD) has been extensively researched over the last several 
decades. Numerous studies have looked at Que’s potential 
benefits for a wide variety of medical conditions, including 
diabetes, inflammation, microbial infection, arthritis, heart 
disease, and wound healing. In current study the binding af-
finity of Quercetin against the cardiovascular target protein 
was analyzed using molecular docking because of the signif-
icance of protein-ligand interactions in structure-based drug 
development. After downloading the CRP (Target Cardiovas-
cular Protein) 3D structure from Protein Data Bank, the au-
thors used the Autodock software to position it in its docking 
environment and it was reported that the binding energy of 
Quercetin molecule with CRP is -6.28 kcal/mol. Though more 
in-vitro studies are required to validate this research. The find-
ings suggest that Quercetin may protect against cardiovascu-
lar disease and cancer. 
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1. INTRODUCTION
The network of blood arteries and the heart it-

self are referred to together as the “cardiovascular 
system”. Some of the numerous possible cardiovas-
cular system disorders included abnormalities of 
the conduction system, rheumatic heart disease, 
and endocarditis. Atherosclerosis of the aorta is a 
type of atherosclerosis that may cause some car-
diovascular disorders, such as peripheral artery 
disease (PAD), stroke, cerebrovascular disease 
(CVD), coronary artery disease (CAD), and cor-
onary heart disease (CHD) [1] baseline charac-
teristics, and outcomes after aortic valve replace-
ment (AVR. Deaths from heart attacks did not 
rise sharply from 2019 to 2021.There were 1.6% 
more heart attacks in 2021 compared to 2019.Fur-
thermore, in 2021 there were fewer fatalities from 
heart attacks than the previous year. Increases 
in cardiac arrest-related fatalities totaled 22 per-
cent between 2017 and 2021. Figure 1 shows a 
54% rise in fatal heart attacks throughout the ten 
years from 2012-2021 [2] we evaluated knowledge 
among the general population of stroke and heart 
attack symptoms and determined the factors as-
sociated with poor understanding of CVD. Meth-
ods: This cross-sectional study included 228, 240 
adults (102, 408 males, 125, 832 females. 
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Figure 1: Displays the number of death due to heart attacks in 
India. 
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Angina pectoris owing to ischemia is the hallmark 
symptom of coronary artery disease, which, if left un-
treated, may cause a heart attack or possibly heart fail-
ure. Strokes are often called cerebrovascular accidents, 
and TIAs are forms of a condition known together as 
cerebrovascular illness (TIAs). Often caused by nar-
rowed arteries, claudication is a symptom of periph-
eral arterial disease (PAD). Aneurysms in the thoracic 
and abdominal aorta are often caused by atherosclero-
sis in the aorta [3]. 

Hypertension, diabetes mellitus, dyslipidemia, 
smoking, and obesity are all traditional risk factors, it 
is believed that CAD is more frequent among Indians. 
More than 90% of AMIs among South Asians could be 
accounted for by a combination of nine common risk 
factors, according to INTERHEART research. These 
variables included a lack of physical exercise, a diet 
poor in fruits and vegetables, and psychological and 
social stress. Despite all of these potential contributors, 
we still can’t account for the higher incidence or earlier 
start of CAD in Indians. The Indian population is see-
ing a sharp rise in a total load of traditional risk factors 
[4]. Because atherosclerosis is a unifying factor in the 
pathogenesis of CVD, its prevention should be priori-
tized above all else. Emboli in a patient with atrial fibril-
lation leading to ischemic stroke and rheumatic fever 
leading to valvular heart disease are only two examples 
of the numerous potential causes of CVD [5]. 

The host’s response to tissue injury is shown as an 
increase in C-reactive protein (CRP), whether that 
harm is the result of infection, trauma, malignant ill-
ness, or chronic inflammation. Elevated C-reactive 
protein levels have received more research attention 
as a possible risk factor for atherosclerosis in recent 
years. C-reactive protein (CRP) screening has shown 
potential as a predictor of atherosclerotic cardiovas-
cular disease risk, supported by an expanding body 
of epidemiological and scientific data [6]. C-reactive 
protein (CRP) elevation in acute unstable angina is 
well documented and has prognostic significance. Left 
ventricular failure, cardiac mortality, and ventricle 
rupture are among events that are more likely to occur 
when CRP levels are high after myocardial infarction. 
Extensive research over the last several decades has 
linked CRP levels that are only slightly over normal 
has a higher potential for coronary heart disease de-
velopment (CHD) [7]. 

The CRP seen in human serum is a pentamer that 
has a disc shape with five identical subunits that are 

non-covalently bound. It has two sides, one that binds 
calcium dependently to its well-known particular li-
gands and one that exerts its effector function. There 
are 206 amino acids and 23 kDa in each subunit of 
the pentameric isoform, which needs 2 calcium ions 
to function. It is highly stable in its native state un-
der physiological conditions until it reaches out and 
gets hold of one of its specialized ligands, which can 
only be done with calcium accessible in the extracel-
lular environment and at physiological pH. It becomes 
monomeric once bound to one of its ligands [8]. Hu-
man C-reactive protein (CRP), an acute phase protein, 
serves as a scavenger and a host defense protein [9]. 

More than 2, 500, 000 entries of natural compounds 
have been documented during the drug discovery evo-
lution too far [10]. Many different chemical structures, 
Polyketides, sugars, flavonoids, terpene-terpenoids, 
steroids, alkaloids, amino acids, peptides, and other 
compounds are an example, have attracted research-
ers’ interest in the library of medical treatment. Over 
the last several years, researchers have been working 
to develop natural analogs with the appropriate func-
tional features, hoping to lessen the likelihood of drug 
resistance by providing compounds with fewer com-
mon building blocks. Quercetin, a kind of flavonoid, 
is a staple of the average diet since it can be found in 
so many different kinds of food and plants. Quercetin 
extracts are not effective in clinical investigations for 
the prevention or treatment of any health condition. 
This includes cardiovascular disease, hypercholester-
olemia, rheumatic disorders, infections, and cancer. 
Quercetin is generally well-tolerated and has never 
been associated with any abnormalities in blood en-
zyme levels or bouts of clinically evident liver impair-
ment [11]. 

With its inflammatory-relieving, hyperten-
sion-lowering, vasodilator, anti-obesity, hypercho-
lesterolemic, and atherosclerotic qualities, quercetin 
is one of the most significant bioflavonoids found in 
more than twenty plant materials. Diseases including 
hypertension, cardiovascular disease, and metabolic 
syndrome all include free radicals as a common con-
tributor [12]. Because of its ability to prevent plate-
let aggregation, its positive effect on endothelial cell 
health, and its ability to promote vasodilation, quer-
cetin is beneficial to the health of blood vessels (vaso-
relaxation). The immune system’s reaction to noxious 
substances and environmental stresses is another area 
where quercetin has a role. 
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2. LITERATURE REVIEW
In a meta-analysis, Mohsen Taghizadeh et al. eval-

uated how consuming garlic supplements affected 
C-reactive protein (CRP) levels in the blood. A weight-
ed mean difference (WMD) was calculated to approx-
imate the overall shift in serum CRP levels. Further-
more, we conducted subgroup analyses by trial length, 
supplement dosage, CRP levels at baseline, and study 
quality. Of the 438 publications found during the first 
search, the meta-analysis includes 9 randomized con-
trolled trials (RCTs) with a total of 363 participants. 
There was evidence of heterogeneity across trials, but 
overall, those who consumed garlic had lower blood 
CRP values than those who did not. This difference 
was “0.8 mg/L (95% CI [1.5, 0.1], p = 0.02) ”. Data now 
available revealed that taking a garlic supplement will 
lower blood CRP levels. Alterations, however, were 
connected to both the extra dosages and preexisting 
levels of serum CRP [13]. 

Quercetin’s (Que) mechanism of action in atri-
al fibrillation (AF) was determined by Xin Tan et al. 
through network pharmacology and molecular dock-
ing. Que is variably expressed in AF, and molecular 
docking revealed that it has a considerable affinity for 
binding to critical substrates.. In in vivo research, Que 
significantly shortened the duration of atrial fibrilla-
tion and prevented atrial remodeling, the production 
of p-MAPK protein, and the beginning of AF. Querce-
tin’s intense processes may be further understood and 
a focused foundation for therapeutic atrial fibrillation 
therapy established by using in-vivo studies in con-
junction with network pharmacology and molecular 
docking [14]. 

Maryam Zahedi et al. investigated inflammatory 
biomarkers and cardiovascular risk factors in type 2 
diabetic women. 72 women participated in this ran-
domized, double-blind, clinical experiment that lasted 
for 10 weeks. Using a permuted block randomization 
of size, the quercetin and placebo groups were evenly 
distributed. Each 500 mg pill of quercetin was given 
to participants every day. Researchers compared and 
measured biochemical signs before and after the trial. 
Systolic blood pressure was considerably lower in the 
quercetin group (8.8± 9.3 vs. 3.5 ±11.7, P = 0.04) than 
in the placebo group. HDL cholesterol levels consid-
erably dropped in both groups (P = 0.19), while total 
cholesterol, LDL cholesterol, TG, and the ratios of TG/
HDL cholesterol and LDL-C/HDL cholesterol were 
not statistically different between the groups. Even 

though quercetin supplementation substantially de-
creased systolic blood pressure, the author found that 
it did not affect inflammatory biomarkers or other car-
diovascular risk factors [15]. 

3. METHODOLOGY

3.1. Design: 
Researchers were able to identify the most proba-

ble and efficient ligand structure for curing coronary 
artery disease (CAD) employing complementary and 
alternative medicines by using data mining and a thor-
ough analysis of the available literature. In this study, 
a computational approach and a docking mechanism 
are used to examine the targeting capability of partic-
ular ligands and target proteins. The discovery of Hu-
man C- Reactive Protein as a protein of interest in the 
therapy of heart disease and Quercetin as a substance 
having this effect came about through data mining and 
a careful review of the existing literature. The protein 
and chemical were retrieved from the corresponding 
databases, prepared for docking using Autodock4, and 
then the complex was seen using BIOVIA Drug Dis-
covery Studio (Figure 2). 

Figure 2: Shows the Methods Employed in the Research to Get 
the Docked Complex between the Ligand and the Protein. 

3.2. Instruments: 
The main source of information on the three-dimen-

sional structures of proteins and other biomolecules is 
the “Protein Data Bank (PDB) ”. The study of biological 
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macromolecules in three dimensions is crucial to many 
branches of research, including but not limited to: ba-
sic biology, medicine, energy, drug development, and 
education. For ligand structures, Protein Data Bank is 
consulted, while for protein structures, Utilized is the 
PubChem Chemical Database. The “Research Collabo-
ratory for Structural Bioinformatics Protein Data Bank 
(RCSB PDB) ” in the United States stores and maintains 
data for the global PDB database, which is open to all 
users, including structural biologists, computational bi-
ologists, and others. One of its functions is to record the 
three-dimensional structures of proteins and nucleic 
acids, two of the most fundamental components of liv-
ing organisms. Information is gathered from biochem-
ists and biologists all across the globe using methods 
and technologies such as “nuclear magnetic resonance 
spectroscopy (NMR) ”, “cryo-electron microscopy”, and 
“X-ray crystallography”. 

The PubChem database at the National Institutes 
of Health (NIH) is a chemical database that may be 
searched. If the scientific data is readily available on Pub-
Chem, users can add it there and other people can use 
it, too. Lead optimization, lead compound-target pro-
filing, polypharmacology research, and the clarification 
of unclear chemical identities are only some of the drug 
development processes that might benefit from utilizing 
PubChem. Utilizing PubChem in conjunction with sec-
ondary databases, informatics tools, and web-based ap-
plications has also shown to be highly beneficial. A few 
examples of study include compound-target profiling, 
polypharmacology investigations, and clarifying ambig-
uous chemical identification. Secondary databases, bio-
informatics tools, and web-based applications all benefit 
greatly from using PubChem as a data source. 

To probe the enormous conformational accessible 
area to a ligand surrounding a protein, Autodock4 uses 
a grid-based technique to determine if experimental 
morphologies are effective. This technique places the 
target protein within a grid. Small substances, like 
substrates or drugs, may be predicted to bind to a spe-
cific three-dimensional receptor using the Autodock4 
algorithm. Docking in Drug Discovery Studio allows 
us to observe protein–compound interactions after 
the fact. To help in the evaluation of targeted molec-
ular therapies, BIOVIA Discovery Studio takes use of 
the Catalyst Pharma-cophore Design and Prediction 
toolkit. It aids in the development of small molecules 
by facilitating de novo drug discovery and multi-tar-
get drug design, as well as activity profiling. 

3.3. Sample: 
The C-reactive protein (CRP) that is circulating is a 

pentamer, a protein structure with five identical subunits 
organized in a disc shape around a central pore, and the 
crystalline structure of Human C- reactive protein is 
shown in Figure 3.Clinically, its serum concentrations 
are measured as a nonspecific sign of inflammation. 
CRP’s precise role in the body is still being investigated, 
however, it is thought to be related to the innate immune 
system. Left ventricular failure, cardiac mortality, and 
ventricle rupture are among the outcomes that tend to 
worsen when CRP levels are high after myocardial in-
farction. Extensive research over the last several decades 
has linked CRP elevations of moderate severity to an in-
creased potential for the onset of coronary heart disease. 

Figure 3: Displays a homology model of the Human C- reactive 
protein’s crystalline structure based on the PDB. 

The polyphenolic flavonoid quercetin may have 
cancer-preventing properties. The flavonoid querce-
tin, sometimes known as Que-glycoside, is an antiox-
idant flavonol. The bioflavonoid quercetin, found in 
many plant foods, may have antiproliferative effects 
through altering EGFR or estrogen-receptor-mediated 
signal transduction pathways. Quercetin comes from 
the Ginkgo biloba leaves and is a flavonoid. Quercetin 
has been found to have a considerable impact on the 
therapy of cardiovascular disorders in both basic tests 
and clinical investigations. Its exact process, however, 
is yet not well understood. As a result, quercetin’s po-
tential network pharmacological effects on cardiovas-
cular disease must be used. The atomic and molecular 
composition of Quercetin is shown in Figure 4.
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Figure 4: Displays the chemical structure of the Quercetin com-
pound. 

The two-dimensional structure of the Querce-
tin compound is shown in Figure 5. Moreover, when 
paired with chemotherapeutic medicines, this mole-
cule shows synergy and reversion of the multidrug-re-
sistant phenotype in vitro. Additionally, quercetin’s 
ability to suppress the lipoxygenases and cyclooxy-
genase pathways contributes to its anti-inflammatory 
and anti-allergy benefits. A common flavonoid called 
quercetin may be found in a wide variety of foods and 
plants. Its presence has been linked to several health 
benefits. Clinical investigations have failed to prove the 
effectiveness of quercetin extracts for the treatment or 
prevention of any medical condition. These disorders 
include cardiovascular disease, hypercholesterolemia, 
rheumatic diseases, infections, and cancer. The usage 
of dietary supplements containing quercetin is safe 
and has not been associated with any increased blood 
enzyme levels or clinically noticeable cases of liver im-
pairment. 

Figure 5: Shows the 2-D structure Quercetin compound. 

3.4. Data Collection: 
Docking generates several confirmations and loca-

tions for effective protein-ligand interaction. The auto 
grid was started using the (. Gpf) file and Autodock4 

was started with the (. dpf) file, both as part of the 
docking operation. The docking process required a rig-
id protein or macromolecule and a pliable ligand. Us-
ing Autodock, we were able to determine the DLG files 
binding energy for each confirmed docking. Figure 6, 
shows how the confirmation with the biggest negative 
binding energy was used to illustrate the interaction, 
and this was followed by the generation of a complex. 
pdbqt file for additional analysis and visualization. 

Figure 6: Demonstrates the interactions that take place be-
tween the docked protein and the ligand complex. 

3.5. Data Analysis: 
Table 1 displays further information on the inter-

action between human C – reactive protein and quer-
cetin compound including the types of bonds creat-
ed and the distances between their formations. Here, 
scientists observed that the ligand produced five hy-
drogen bonds with the amino acids (LYS50, LYS58, 
and ALA59), and two hydrophobic bonds with ILE15 
and MET 16.Using BIOVIA Drug Discovery Studio, 
researchers determined the binding energy of each re-

Table 1
Illustrates The Chemical Bonds That Occur Between The Protein 
And The Compounds. 

Amino Acid Bond Length Type of Bonds
UNL1-LYS50 1.99546 Hydrogen Bond
UNL1-LYS58 2.14998 Hydrogen Bond
UNL1-LYS58 2.57015 Hydrogen Bond
UNL1-ALA59 2.05137 Hydrogen Bond
UNL1-UNL1 1.82403 Hydrogen Bond
UNL1-ILE15 3.81621 Hydrophobic bond
UNL1-MET16 5.47666 Hydrophobic bond
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sulting complex and selected the one with the lowest 
value for future investigation. Figure 7, below depicts 
the specific features of the ligand molecule interacting 
with the protein via its amino acids. 

Figure 7: Displays Molecular Interaction between Amino Acids 
in a Protein and a Ligand. 

4. RESULTS AND DISCUSSION
When the energies of polar, non-polar, and non-bond-

ed interactions are added together, the binding free ener-
gy emerges. The sum of the final values of internal ener-
gy, intermolecular energy, and torsion-free energy is the 
binding energy. It is subtracted from the overall energy of 
a free-floating system. Using the docking log file (DLG) 
file format, docking results and a binding energy catalog 
were acquired. If the binding energy between a protein 
and ligand can be reduced, the protein-ligand complex 
will become more stable. Binding energy calculations in-
dicated that Quercetin and Human C- reactive protein 
formed a stable complex with a broad diversity of bond 
topologies (Figure 8). The binding energy of this mole-
cule is -6.28 kcal/mol. 
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Figure 8: Displays the number of multi-member conformational 
clusters. 

5. CONCLUSION
Over the years, several studies have been under-

taken to better understand quercetin’s core decreasing 
the chances of cardiovascular diseases by a method of 
action. As time passes, we can test our theory with ev-
er-increasing rigor and a growing body of facts. Sev-
eral treatments with large doses of quercetin and its 
derivatives have improved heart functions in random-
ized, double-blind, placebo-controlled, crossover trials 
including both animals and humans at varying stages 
of cardiac illness. Therapeutic use of quercetin for the 
treatment of cardiovascular disorders. In light of this 
research, quercetin should be evaluated for its ther-
apeutic potential in the treatment of a wide range of 
cardiovascular illnesses. Even though researchers only 
have preliminary knowledge of certain cutting-edge 
therapeutic techniques, the outcomes are encouraging 
and might lead to new treatment options in the future. 
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