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ABSTRACT
When blood cannot flow to the brain, a stroke occurs. A blockage 
or burst blood vessel inside the brain is a common culprit for this 
disturbance in blood flow because they both limit oxygen to the 
brain tissue. If this happens, the brain’s oxygen-starved cells begin 
to die quickly, so it’s important to get medical attention at once 
for the patient’s chances of recovery. The major objective of this 
study is to investigate potent thrombolytics from natural sources 
that are used to treat stroke. Natural sources have been found to 
exhibit thrombolytic action, with active molecules also extracted 
and described. The ligand strength was confirmed in the present 
work using the binding energy, which is based on computer-aided 
molecular modeling. Vanillylamine exhibited a stronger docking 
score and had greater thrombolytic potency than other drugs. The 
main objective of this study is to find an effective treatment for 
heart attacks. The protein and ligand combination had an affinity 
of -5.40 kcal/mol, which further suggests that it may be employed 
in future studies to create a potential inhibitor against stroke. 
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1. INTRODUCTION
Blood groups can be extremely harmful when they 

build up in the aspiration as well as in the brain, and 
coronary veins. Coronary thrombi are the prima-
ry cause of dead tissue in the heart, cerebrovascular 
thrombi are implicated in stroke, or may cause pneu-
monic thromboembolic breathing and heart depres-
sion. The development of a blood clot within a blood 
artery, known as thrombosis, impairs blood flow via 
the circulatory system [1], [2]. Whenever a vein, an ar-
tery, or nearby tissue is seriously injured, a thrombus 
may develop. If the thrombi separate from the blood 
vessel’s endothelium or lodge in essential organs like 
the brain as well as the lungs, it can seriously impair 
blood flow via an artery or vein. The formation of 
thrombus in the systemic circulation is brought on by 
imbalances in the homeostatic systems. This is one of 
the crucial developments in cardiovascular and pul-
monary illnesses. Heart attacks, venous thromboem-
bolic diseases, strokes, emboli, and other diseases that 
cause deep vein thrombosis, are responsible for abrupt 
death and morbidity [3], [4]. 

Cardiovascular illnesses, such as stroke and heart 
attacks are commonly treated with fibrinolytic drugs 
such as streptokinase, anistreplase, alteplase, uroki-
nase, or t-PAA. Blood clots are dissolved by a process 
known as thrombosis, which is sometimes known as 
clot busting. “Injecting tissue plasminogen activator” 
(tPA), which stimulates the enzyme plasmin, caus-
es fibrinolysis. Applying different fibrinolytic med-
ications, which often dissolve blood clots, is known 
as thrombolysis. To restore blood flow to ischemic 
myocardium, reduce necrosis, or improve prognosis, 
thrombolytic medications work by dissolving throm-
bin in coronary arteries. Several fibrinolytic drugs are 
used in the treatment of stroke as well as other cardio-
vascular disorders [5], [6]. Though less harmful than 
activators of the streptokinase or urokinase-type, t-PA 
is nonetheless quite powerful. It should be emphasized 
that virtually all thrombolytic drugs still have several 
shortcomings, such as lower specificity, higher needed 
dosages, and lower specificity to fibrin. Recombinant 
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versions of these thrombolytic medications have so 
received more focus to lessen these negative effects 
or enhance substrate specificity. Urokinase and strep-
tokinase, two first-generation thrombolytic medica-
tions, were often used to treat thrombosis; neverthe-
less, serious adverse reactions, including hemorrhage, 
anaphylactic response, or systemic fibrinolysis, have 
been documented. Another significant issue that pre-
vents the use of repeated dosages of streptokinase is 
immunogenicity [7], [8]. 

Natural resources are now often exploited to in-
crease tPA activity, and plant extracts are frequently 
used to find new medications. Traditional or alterna-
tive medicines have been utilized to treat a variety of 
illnesses in impoverished nations. Heart illness, stroke, 
piles, nervous debility, fever, back discomfort, head-
ache, arthritis, stomachache, and toothache, are all 
conditions that traditional remedies are used to treat 
[9], [10]. Traditional medications are used to treat car-
diovascular conditions and lower artery cholesterol. 
Rich calcium supplies found in medicinal plants con-
tribute to better bone and tooth health. For the screen-
ing or deliberate creation of diverse medications, com-
putational simulations utilizing molecular dynamics 
as well as in silico techniques are frequently utilized. 
The molecular study of silica makes predictions about 
the interactions between the particles [11], [12]. Al-
gorithms including molecular dynamics, molecular 
stimulation, or fragment-based analysis are used in 
molecular docking. To forecast the interactions of two 
distinct particles as well as to determine the best ligand 
for a variety of pharmaceuticals as well as other pur-
poses, molecular docking is widely used. The ADME/T 
test is frequently used to assess the body’s anticipated 
physicochemical characteristics following drug deliv-
ery, including distribution, metabolism, absorption, 
excretion, and toxicity assessments. The ADME/T 
test is frequently used to assess the body’s anticipated 
physicochemical characteristics following drug deliv-
ery, including distribution, metabolism, absorption, 
excretion, and toxicity assessments [13], [14]. 

2. LITERATURE REVIEW
Shan Liu et al. studied about a possible method to 

increase the effectiveness and safety of tPA in nano-
technology. Numerous initiatives to prolong its thera-
peutic window and investigate alternate thrombolytic 
drugs have been made during the past 20 years, but 
neither has made much headway. They studied biolo-

gy, thrombolytic processes, or pleiotropic effects of tPA 
in the brain as well as the current applications of sever-
al nanocarriers created for the injection of tPA for the 
treatment of ischemic stroke. Combining neuroprotec-
tion with tPA-based nanothrombolysis is a viable ther-
apeutic approach for acute ischemic stroke [15]. 

Arnaud Chevilley et al. studied the tissue-type plas-
minogen activator (tPA), a serine protease, which has 
five functional domains that it interacts with to attach 
to different substrates, receptors, and binding proteins. 
In recent years, there has been a lot of interest in the 
therapeutic use of tPA targeting in treating various 
central nervous system illnesses, including stroke. TPA 
has both neurotrophic as well as neurotoxic effects on 
the central nervous system, according to its described 
activities. Although several theories have been put 
out, it is still unknown how the protease may mediate 
such opposing roles. These include the impact of the 
tPA concentration, its source (“endogenous or exoge-
nous”), the shape, or the kind or age of the neurons 
(“single-chain tPA versus two-chain tPA”) [16]. 

Ross L Prentice et al. studied CVD, the outcomes of 
coronary heart disease (CHD) or stroke were the main 
focus of the “Women’s Health Initiative” (WHI) exper-
imental investigations of postmenopausal estrogen as 
well as estrogen plus progestin therapy. Recently, re-
searchers identified many changes in blood total pro-
teins in the first year following randomization in these 
investigations using a complete quantitative proteom-
ics approach. Using ELISA in replication tests, the re-
lationships of “B2M with CHD (P 0.001) or IGFBP4 
with stroke (P = 0.005) ” were verified. It was shown 
that changes in these proteins following the initiation 
of hormone therapy may be used to explain how hor-
mone therapy affected those disorders [17]. 

3. METHODOLOGY

3.1. Design: 
Using Autodock4, molecular docking and virtual 

screening were carried out. Protein Data Bank RCSB 
was used to get the crystal structure of the “Tissue 
Plasminogen Activator” (Tpa) protein for the cur-
rent investigation. Vanillylamine’s three-dimensional 
structure was obtained from PubChem in XML for-
mat, which was afterward translated into. PDB format 
using the Open Babel program. Then, docking was 
carried out using. PDB files for both the protein and 
the ligand. Each stage is shown in Figure 1 below and 
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involves using Autodock4 to do the docking and Py-
mol and Biovia Drug Discovery Studio to visualize the 
results. 

3.2. Sample: 
Using Autodock4, molecular docking and virtual 

screening were carried out. Protein Data Bank RCSB 
was used to get the crystal structure of the “Tissue 
Plasminogen Activator” (Tpa) protein for the current 
investigation as shown in figure 2. Vanillylamine’s 
three-dimensional structure was obtained from Pub-
Chem in XML format, which was afterward translat-
ed into. PDB format using the Open Babel program. 

Then, docking was carried out using. PDB files for 
both the protein and the ligand. Each stage is shown 
in Figure 3 below and involves using Autodock4 to do 
the docking and Pymol and Biovia Drug Discovery 
Studio to visualize the results. 

Figure 3: Illustrating the ball and Stick Structure of vanillylamine. 
Grey, red and blue represent the Carbon, Oxygen, and Nitro-
gen Molecules. 

3.3. Instrument: 
Using the RCSB: PDB and PubChem databas-

es, the structures of the protein and ligand are re-
trieved. All users, from computational biologists to 
structural biologists and beyond, can access PDB 
data for free thanks to the “Research Collaboratory 

Figure 1: Illustrate the Design of the Methodology used to carry out this Docking Process. 

Figure 2: Illustrating the Three-Dimensional Structure of Protein 
of Tissue Plasminogen Activator (Tpa). 
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for Structural Bioinformatics Protein Data Bank, ” 
the US data center for the global PDB repository. It 
acts as a database for the three-dimensional struc-
tural data of important biological substances, in-
cluding proteins and nucleic acids. Biochemists or 
biologists from all over the world supply the data, 
which is frequently acquired using NMR spectros-
copy or, cryo-electron microscopy, increasingly, or 
X-ray crystallography. 

A database of chemical compounds and associated 
biological test methods is called PubChem. The system 
is managed by the “National Center for Biotechnology 
Information” (NCBI), a division of the National Li-
brary of Medicine, a part of the “National Institutes 
of Health” in the United States (NIH). Through a 
web interface, PubChem is accessible without charge. 
Through FTP, millions of chemical structures as well 
as descriptive data are readily downloadable. Small 
compounds with less than 100 atoms and 1, 000 bonds 
can be found in PubChem along with descriptions 
of many other substances. The PubChem database is 
constantly growing and is provided by more than 80 
database suppliers. 

One of the most often mentioned pieces of soft-
ware in the scientific world, Autodock4, was utilized 
for the molecular docking procedure. The program 
uses a docked log file that is then evaluated by the use 
of a graphical tool called BIOVIA drug discovery stu-
dio to assess receptor-ligand interactions or forecast 
how a substance or a ligand would bind to a protein or 
a receptor in a real biological system. 

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

successful binding of ligand and protein 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. 
GPF file to complete the docking operation. Making 
a protein or other macromolecule stiff and the ligand 
flexible 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. As shown in Figure 4, the confirma-
tion with the highest negative binding energy was 
employed to demonstrate the interaction, which was 
followed by a writing complex. Following that, the 
process of viewing and analysis was carried out using 
the pdbqt file. 

Figure 4: Displaying the Interaction between the Ligand Com-
plex and Docked Protein. 

3.5. Data Analysis: 
Using BioVia Drug Discovery Studio, the analytical 

compound that had the greatest negative binding energy 
was investigated. The exact interactions between the li-
gand molecule as well as the amino acids of the protein 
are shown in Figure 5 below. The two-dimensional struc-
ture shown was created to clearly understand the types of 
linkages required in the formation of a stable complex. 
The complex was formed by GLU137, MET207, ARG206, 
CYS122, GLY2, GLU157, HIS27, SER26, TRP29, PRO28, 
ALA25, TYR6, ARG4, THR120, GLU114 ARG119, 
ARG4, CYS1, THR1A, and GLN5, among other amino 
acids. Table 1 shows the many forms of bonds between the 
“Tissue Plasminogen Activator” (Tpa) Protein and Vanil-
lylamine in a protein-ligand complex. 

Table 1
Illustrates the Types of Bonds between protein-ligand complex. 
ARG4: SER26 1.79799 Hydrogen 

Bond
Conventional 
Hydrogen Bond

THR1A: GLU114 5.18916 Electrostatic Attractive Charge
TYR6: ARG4 2.38703 Hydrogen 

Bond
Conventional 
Hydrogen Bond

ARG4: GLU137 2.86296 Electrostatic Attractive Charge
GLY2: THR120 1.77778 Hydrogen 

Bond
Conventional 
Hydrogen Bond

ARG4: GLU137 1.90428 Hydrogen 
Bond

Attractive Charge

GLN5: ALA25 2.08177 Hydrogen 
Bond

Conventional 
Hydrogen Bond
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ARG4: GLU157 5.57064 Electrostatic Attractive Charge
ARG119: LEU3 2.55222 Hydrogen 

Bond
Conventional 
Hydrogen Bond

ARG206: CYS1 1.77784 Hydrogen 
Bond

Conventional 
Hydrogen Bond

ARG4: SER26 2.88797 Hydrogen 
Bond

Carbon Hydrogen 
Bond

GLY2: MET207 3.43119 Hydrogen 
Bond

Carbon Hydrogen 
Bond

ARG4: HIS27 4.03408 Electrostatic Pi-Cation
ARG119: LEU3 3.03158 Hydrogen 

Bond
Carbon Hydrogen 
Bond

TYR6: ARG4 4.36821 Hydrophobic Pi-Alkyl
CYS122: CYS1 3.23145 Other Sulfur-X
MET207: GLY2 2.15253 Hydrogen 

Bond
Conventional 
Hydrogen Bond

ARG4: PRO28 5.37714 Hydrophobic Alkyl
ARG206: CYS1 3.7317 Hydrogen 

Bond
Carbon Hydrogen 
Bond

TRP29 : ARG4 5.38982 Hydrophobic Pi-Alkyl

4. RESULT AND DISCUSSION
A molecular dynamic analysis was conducted to 

evaluate the interaction between the protein and the 
ligand in terms of binding energy, which is simply 
the total intermolecular energy shown by the target 
protein, called the receptor, and the chosen substance 
called the ligand. After docking using autodock4, the 
log file and output file were retrieved and utilized to 
determine the ligand’s most affine posture with the 
protein’s amino acids. 

The interaction energies for polar, non-polar, and 
non-bonded contacts are added up to determine the 
binding free energy. To calculate binding energy, the 
final total internal energy, total intermolecular ener-
gy, and torsion-free energy must all be added togeth-
er. This energy is then used to decrease the energy 
of an unbound system. The docking findings and a 
summary of the binding energies were obtained in 

Figure 5: Illustrate the three-dimensional structure of the ligand. 
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the DLG file format. In general, the more negative 
the binding energy there is, the more stable the pro-
tein and ligand combination is. The computation of 
the binding energy revealed that the chosen ligand 
“Vanillylamine” and receptor/protein “Tissue Plas-
minogen Activator (Tpa) protein” produced a stable 
complex with a variety of bond topologies. This com-
plex’s binding energy was -5.40 kcal/mol as shown in 
figure 6.
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Figure 6: Above Graph Showing the Binding Energy of Protein 
Ligand Intrection. 

5. CONCLUSION
The current discovery demonstrated that vanillyl-

amine compounds might be employed as an efficient 
thrombolytic drug. These two substances are common 
in many medicinal plants, so they could be combined 
to create powerful thrombolytic drugs to treat stroke 
and other cardiovascular illnesses. These thrombolytic 
substances derived from organic sources have negli-
gible to no negative effects. Among the investigated 
natural chemicals, vanillylamine had a strong docking 
score. Additional in vivo tests are required to exam-
ine the thrombolytic activity or fibrinolytic impact of 
these natural substances. 
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