
Issue 26. February 2023 | Cardiometry | 329

ORIGINAL RESEARCH Submitted: 23.12.2022; Accepted: 15.01.2023; Published online: 25.02.2023

In silico Study to Investigate 
Targeting Ability of Genistein 
against Fatty acid binding 
protein 4 (FABP4) in Peripheral 
Artery Disease
Shweta Dongre1, Navid Shah2, Tarun Sharma3

1Department of Kriyasharir, Sanskirti University, Mathura, Uttar 
Pradesh India
2Department of Physiology, Jaipur National University Institute 
for Medical Sciences and Research Centre, Jaipur, India
3Department of Computer Science & Engineering, Shobhit In-
stitute of Engineering & Technology (Deemed to-be-University) 
Meerut, Uttar Pradesh India

*Corresponding author: 
1shwetab.samch@sanskriti.edu.in, 
2drnavid23@gmail.com, 
3tarun.sharma@shobhituniversity.ac.in

ABSTRACT
“Peripheral artery disease” or PAD, is considered as a most prev-
alent condition, and it commonly coexists with vascular diseas-
es in other body parts. The epidemiology of PAD is well known 
and connected to age and, particularly, the predisposing factors 
of smoking and diabetes mellitus. Diagnosis on early basis is im-
portant for enhancing the quality of life (QOL) in addition to the 
reducing risk for the development of significant subsequent vascu-
lar events such as “acute myocardial infarction (AMI) ” or “stroke”. 
There are a variety of treatments used to manage and treat the 
disease. However, there are negative effects and toxicities associat-
ed with that treatment in addition to higher costs. Hence, a surge 
in the hunt for natural compounds of botanical origin is gaining 
traction. The present study aims at exploring the targeting abil-
ity of phytocompound, and genistein against FABP4 which is an 
emerging target for PAD in diabetes patients. The study is con-
ducted using a computation method employing Autodock4 and 
other accessory tools. The results of the docking process revealed 
a significant binding energy of -6.14 which demonstrated a sta-
ble complex formation between protein and selected compound. 
Thus, showing great potential for the treatment of PAD. 
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1. INTRODUCTION
“Cardiovascular diseases (CVDs) ” include “stroke”, 

“heart failure”, “peripheral arterial disease”, “ischemic 
heart disease”, and several other vascular and cardi-
ac problems. CVDs are the “leading cause” of death 
globally and a substantial contributor to lower QOL. 
According to projections, 17.8 million deaths world-
wide from CVD occurred in 2017, resulting in 35.6 
million years of disability and 330 million years of 
life lost. Medical experts, other physicians, and public 
health professionals might greatly benefit from these 
summary indicators of health when combined with 
information on CVD and risk factor prevalence. They 
offer vital population-level data that can improve pre-
ventive, treatment, and management efforts for CVD 
and risk factor management at the national, global, 
and subnational levels [1], [2]. 

Out of all CVDs, Peripheral artery disease (PAD) 
affects 15%-20% of individuals over the age of 70, ac-
cording to one study, however, the prevalence is likely 
to be higher if asymptomatic individuals are included. 
The ankle-brachial index is the most often utilized di-
agnostic tool to screen the asymptomatic population 
[3]. In asymptomatic people, an ABI of 0.9 has a sensi-
tivity of more than 95% and a specificity close to 100% 
when contrasted to arteriography. When patients with 
PAD are compared to age-matched controls, the rate 
of cardiovascular mortality is 0.5% in controls and 
2.5% in patient population with PAD. Furthermore, 
among those with documented CAD, the presence 
of PAD increases the risk of mortality by 25% when 
compared to controls. It is therefore critical to screen 
for PAD, especially in asymptomatic individuals, to 
address risk variables and prevent mortality as soon 
as feasible [4]. 

Large observational studies have identified the 
main health risks for PAD, which are similar to those 
for ischemic heart disease and vascular disease. Inves-
tigations have shown that 80% to 90% of CVDs are 
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caused by the four main risk factors: hypertension, 
smoking, and hyperlipidemia (Figure 1) [5]. 

20%

2%

12%

12%13%

7%

28%

Cardiovascular Diseases
Diabetes
Other Non-communicable Disease
Injuries
Respiratory Diseases
Cancer
Communicable, Maternal, Perinatal & Nutrition

Figure 1: A Graphical Representation of Number of Deaths 
Cause of Different Diseases and Health Conditions. 

Diabetic individuals with the PAD usually have 
severe health consequences, including loss of limbs. 
“FABP4 (fatty acid binding protein 4) ” is largely gen-
erated by adipose tissues and has recently been as-
sociated to the pathogenesis of atherosclerosis. PAD 
is characterized by the formation of atherosclerotic 
plaques within the arteries delivering blood to the 
limbs, producing lower limb claudication, relaxing 
pain, or even tissue loss. Even though the greatest 
medical intervention, PAD individuals remain to be 
at elevated risk of all-cause death as opposed to those 
who don’t have PAD. Furthermore, individuals suf-
fering both DM and PAD concurrently are at a larger 
risk of having lower limb amputations, cardiovascular 
events, and death [6], [7]. 

Ischemia in the lower extremities may be func-
tional or critical, depending on the pathophysiolo-
gy. Functional ischemia manifests itself medically as 
“intermittent claudication” whenever the blood flow 
is sufficient while at rest but inadequate when active. 
Critical ischemia is well-defined by the emergence of 
discomfort at trophic or rest lesions in the legs and de-

velops when the drop in blood circulation results in 
a “perfusion deficit” at rest. Accurate identification is 
essential in this situation since failure to restore suf-
ficient blood flow, either by surgery or endovascular 
treatment, poses a clear risk of amputation [8]. In or-
der to identify the therapy the prognosis and indica-
tion in patients with PAD, it is crucial to distinguish 
between the two ideas [9], [10]. Many treatments are 
approved for PAD, however, they7 all have their side 
effects [11], [12] beyond the common pathophysio-
logical substrate, as far as treatment is concerned, each 
site of atherosclerotic disease (subclavian and verte-
bral arteries; carotid arteries; intracranial arterial tree; 
renal arteries; lower extremity arteries. Therefore, the 
present study aims at exploring the targeting ability 
of phytocompound genistein against FABP4, which is 
associated with the development of PAD in patients 
having diabetes. 

2. LITERATURE REVIEW
In a study by Bonaca et al. patient population un-

derwent revascularization for PAD were given either 
aspirin or a placebo and aspirin and 2.5 mg twice day 
of rivaroxaban. The results of their study demonstrat-
ed that, in patient groups with PAD who had under-
taken rivaroxaban twice daily and lower-extremity re-
vascularization was correlated with a considerably low 
occurrence of the composite outcome of “acute limb 
ischemia” compared to aspirin alone. The frequency 
of severe TIMI haemorrhage did not vary significantly 
across the groups [13]. 

Zamzam et al. looked at whether individuals with 
type 2 diabetes mellitus FABP4 levels are related to 
PAD. The results of their study revealed that patients 
with DM-PAD had FABP4 levels that were nearly two 
times higher than those with DM-noPAD. After con-
trolling for the previous history of CAD, white blood 
cell count, age, and sex, regression analysis showed a 
significant correlation between DM-PAD and FABP4 
levels [14]. 

Wadstrom et al. investigated the hypothesis that 
elevated “remnant cholesterol” raises the risk of PAD. 
In the “Copenhagen General Population Study”, which 
was conducted from 2003 to 2015, 106 937 individu-
als were analyzed. 1586 cases of PAD, 2570 cases of 
myocardial infarction, and 2762 cases of ischemic 
stroke were identified over a maximum of 15 years of 
follow-up. The results of their study revealed that, In 
contrast to myocardial infarction and ischemic stroke, 
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elevated residual cholesterol was shown to be related 
to many fold more risk of PAD in the general popu-
lation [15]. 

Research Questions: 
What is the efficacy of Genistein against the Heart 

Diseases?

3. METHODOLOGY

3.1. Design 
A computational study was done to identify a phy-

tocompound that might effectively block or reduce 
the levels of FABP4, an emerging target for PAD in 
diabetes patients. Genistein is selected as a ligand be-
cause of its beneficial characteristics in a variety of dis-
eases. This compound is selected from the extensive 
mining of plant sources. Docking is then performed 
with genistein as a compound and FABP4 as a target. 
To carry out the docking, preparation was done after 
collecting the protein and ligand structures from data-
bases which were then followed by analysis, and visu-
alization. Figure 2 below shows the methods that were 
followed to conduct the study. 

Figure 2: Illustrating the Methodological Design Used to Carry 
Out the Docking Process.

3.2. Instruments: 
The ligand structure was acquired using PubChem. 

This database is under the supervision of the National 
Institutes of Health (NIH). PubChem is an open chem-
istry repository that mostly includes tiny chemicals, 
but it also includes larger ones including peptides, nu-
cleotides, lipids, carbohydrates, and macromolecules 
that have undergone chemical modification. PubChem 
integrates data on underlying structures, physical and 
chemical characteristics biological characteristics, 
identification, and details on health, safety, copyrights, 

and toxicology. Users of PubChem can also visualize li-
gand structure in several different ways, including stick, 
ball, and stick structure, among others. 

The three-dimensional structure of a protein can 
be obtained via RCSB PDB, wherein RCSB refers to 
“Research Collaboratory for Structural Bioinformat-
ics” while PDB stands for “protein data bank. ” A da-
tabase containing information on large biomolecules 
like proteins is called a protein databank. It also com-
prises information on nucleic acids obtained from 
several methods, such as NMR spectroscopy, X-ray 
crystallography, and–increasingly–cryo-electron mi-
croscopy. Biochemists and molecular biologists have 
used this database to conduct molecular docking tech-
niques as well as other computational research. 

The protein and ligand structures were then pre-
pared using the autodock tool. The protein was initially 
made in pymol by removing any extraneous molecules 
that would impede the docking process. Later, Autodo-
ck4 completed more preparations. After the ligand and 
protein were ready, Autodock4 was used for grid con-
struction and docking. It is a free and straightforward 
tool for determining how efficiently proteins bind to 
their ligands and how proteins interact with each other. 
The complex was then viewed in BIOVIOA Drug Dis-
covery Studio when the docking was completed. 

3.3. Sample Collection and Preparation: 

3.3.1. Ligand
The ligand structure is retrieved from “PubChem” 

in. XML format and changed using the Open Bable 
application to. pdb format. It is possible to convert sev-
eral file formats using the Open Bable program, which 
is easily accessible and cost-free. Before being stored 
in. pdbqt format, the ligand structure was transformed 
into the. pdb format, saved, and sent to Autodock for 
further processing. The ball and stick structure of the 
ligand is shown in Figure 3 below. 

Figure 3: Illustrating the Ball and Stick Structure of Genistein, 
Where White balls represent the hydrogens, Red balls Repre-
senting Oxygen, and Grey Balls Representing Carbon. 
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3.3.2. Protein
The structure of FABP4 is retrieved from the RCSB 

PDB with PDB ID: 5LGD (Figure 4). Then, when the 
protein was prepared in Pymol, the unnecessary mol-
ecules were removed from the sequence. Any bound 
ligands were also taken out to get a protein structure 
for the docking process. The additional protein pro-
cessing step was carried out using the Autodock tool. 
Autodock4 will first remove water molecules and then 
add polar hydrogens to assess the hydrogen bond in-
teractions between the amino acids and the ligand. 
Again when the protein had completed its final pro-
cessing, the file was then stored in the. pdbqt format, 
which was used for the docking process. 

Figure 4: Illustrating the three-dimensional Structure of Fatty 
acid binding protein 4(FABP4) Where the Cyan Colored Helical 
Structures Representing Alpha-helices And Magenta Colored 
Flat Sheets Representing Beta-pleated Sheets. 

3.4. Data Collection
By docking at the various binding sites of the se-

lected protein, a collection of possible ligand confor-
mations and configurations are generated. Molecular 
docking was largely facilitated by “rigid molecular 
docking with”, FABP4 as the macromolecule. The pro-
cess included making the protein macromolecule 
rigid while maintaining the ligand flexible. After aut-
odock had been performed, the application was used 
to get the binding energy table from the DLG file. 
The chemical interactions, including “H-bonds” and 
“bond lengths, ” between the protein-ligand complex 
were examined using the most favorable arrangement 
and configuration with the lowest binding energy. By 
using the DLG output file, more information on the 
interaction between both the receptor and compound/

ligand was analyzed later on. Figure 5 depicts the 
docked structure of the receptor and ligand. 

Figure 5: Illustrating the Docked Structure of the FABP4 and 
Genistein. 

3.5. Data Analysis 
As shown in Figure 6 below, the docked complex 

file, or DLG file, procured after having completed 
the docking process was analyzed by exporting the 
DLG file to the visualization tool BIOVIA Drug 
Discovery studio, where the ligand molecule was 
defined and the interactions were examined by la-
beling the amino acids. The docked complex 2-di-
mensional structure was built, as shown in Figure 
7 below, to get additional insight into the various 
binding types. With distances of 1.99134, 1.87366, 
1.796, 1.86325, 1.78364, 4.87436, 4.41702, 4.59741, 
5.79523, 5.34687, 5.0055, 3.80831, 5.10952, 5.06159, 

Figure 6: Illustrating the particular Amino Acids involved in the 
Formation of the Protein-Ligand complex. 
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4.89471, 4.39736, the amino acids TYR20, SER54, 
SER56, GLN96, ARG127, ARG127, ASP77, ASP77, 
PHE17, ALA34, ALA76, ALA34, ALA37, PRO39, 
and ALA76 were shown to be involved in the for-
mation of a complex between genistein and FABP4.
In addition, it was discovered that the development 
of the complex was caused by the production of two 
different kinds of bonds: “Conventional Hydrogen 
Bond”, “Pi-Cation”, “Pi-Anion”, “Pi-Sulfur”, “Pi-Pi 
T-shaped”, and “Pi-Alkyl”, which include hydrogen 
and hydrophobic connections. Table 1 shows the 
kinds of bonds and lengths between amino acids in-
volved in complex formation. 

Figure 7: Two-Dimensional Structure Illustrating the Different 
Types of bonds involved in the Genistein- FABP4 complex. 

Table 1
Enlisting Amino acids of Protein, Distances, and Types of Bonds 
involved in the protein-ligand complex. 

Ligand: Protein Distances (Å) Bond Category
UNL1: TYR20 1.99134 Hydrogen Bond
UNL1 : SER54 1.87366 Hydrogen Bond
UNL1: SER56 1.796 Hydrogen Bond
UNL1: GLN96 1.86325 Hydrogen Bond
UNL1: ARG127 4.87436 Electrostatic
UNL1: ARG127 4.41702 Electrostatic
UNL1: ASP77 4.59741 Electrostatic
UNL1: ASP77 5.79523 Other
UNL1: PHE17 5.34687 Hydrophobic
UNL1 : ALA34 5.0055 Hydrophobic
UNL1 : ALA76 3.80831 Hydrophobic
UNL1 : ALA34 5.10952 Hydrophobic
UNL1 : ALA37 5.06159 Hydrophobic
UNL1 : PRO39 4.89471 Hydrophobic
UNL1 : ALA76 4.39736 Hydrophobic

4. RESULTS AND DISCUSSION
The interaction energies for polar, non-polar, and 

unbounded interactions are added to determine the 
binding free energy. The ultimate total internal ener-
gy, total intermolecular energy, and torsion-free ener-
gy must all be added together to determine binding 
energy. Thus, the energy of the unbound system is re-
duced by this energy. The docking results were stored 
in DLG format along with a list of binding affinities 
expressed in terms of binding energies. The complex 
between FABP4 and genistein, a protein and a ligand, 
respectively, is more stable the more negative the bind-
ing energy is. FABP4 and genistein created a stable 
complex with a variety of bond topologies based on 
the estimated binding energy. The binding energy of 
this compound was revealed to be – 6.17 kcal/mol. 

5. CONCLUSION
Plant sterols, flavonoids, and sulfur-containing 

compounds are three types of phytochemicals con-
tained in fruits, vegetables and that may help decrease 
the risk of atherosclerosis. Within these categories 
exist several potential compounds, most of which are 
not well described but whose mechanisms of action 
aren’t established. Furthermore, many other plant 
compounds (eg, phytoestrogens, antioxidant vitamins, 
and trace minerals) could be associated with the ath-
erosclerotic process. These plant micronutrients will 
certainly be the target of future investigation. As the 
investigation continues on all of these chemicals, new 
undiscovered components will be found. 
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